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ABSTRACT: Dendritic polyphenylazomethine (DPA) stepwisely complexes with metal ions based on the
interaction between a Lewis acid and base. DPA has z-conjugated rigid backbones, which are suitable for
delocalization of cation charges. In this study, triphenylmethylium (TPM) could coordinate to the imine
group of the fourth generation of DPA (DPAG4, DPAGLX, designated GX, where Xis the generation number)
in a stepwise radial fashion, which allows control of the number and position of TPM on a dendrimer as metal
ions do. For the detailed investigation of TPM precise assembly, this paper have shown that DPAG4-ZnP, a
porphyrin core phenylazomethine dendrimer having 60 imine sites, could complex with TPMs in a stepwise
fashion similar to that of p-phenylene core DPAG4 having 30 imine sites. In addition, the investigation of the
hybrid assembly using TPM and metal ions on DPAG4 was performed. We confirmed that the inner layer of
DPAG4 was complexed with TPM, followed by the outer layer with SnCl,. This study developed the range of
controlling precise assembly on a DPA mold. The process of TPM assembly was analyzed using UV—vis

spectroscopy, NMR, free volume, and cyclic voltammetry.

Introduction

Dendrimers' are highly branched macromolecules which have
a single molecular weight like proteins. They have been noted as a
possible building block for fabricating new nanomaterials. These
dendrimers contain a nanosized space in the center into which
functional substances can be mcorporated to give nanocapsules
Wthh can be used as drug delivery systems,” metal catalysts,’ and
dyes.* The well-defined structure and high density of surface
functionalities may allow tuning of toxicity and release properties
in DDS. The isolation effect of dendrimers prevents a self-
aggregation or degradation of dyes, which would improve their
properties. Although many researchers have investigated the
encapsuldtlon behavior of dendrimers Vld coordinative bonds,’
ionic bonds,” or hydrophoblc interactions,’ it has been difficult to
incorporate organic molecules quantitatively into the dendrimer
due to a random statistical distribution. As one solution for that,
we previously reported a novel method of precise assembly of
metal ions on a dendritic polyphenylazomethine (DPA, Chart 1a),
that is, a phenylazomethine dendrimer.

Triphenylmethylium (TPM, Chart 1b) contains a carbocation
stabilized by the delocalization over three phenyl rings. Triphenyl-
methylium is one of the most famous carbocatlons which has
been utilized for catalysts dyes,’ redox activity,'® and photo-
responsive materials'' and so on. The synthetic convenience of
TPM allows the various molecular designs and conditions of the
carbocation. Actually, various kinds of rhodamine derivatives
were synthesized by a phenyl substitution. In addition, TPM has
the property of Lewis acidity, which is famous for dehydration
from cycloheptatrlene For the development of their catalytic
ability, polymer or resin bounded TPMs have also been studied.?
Otherwise, Miillen’s group reported the polyphenylene dendri-
mers incorporating trltyl groups on its phenyl backbone to
stabilize their charge/spin.'> TPM is a fundamental and attractive
backbone for the creation of various functional materials.

*Corresponding author. E-mail: yamamoto(@res.titech.ac.jp. Telephone:
+81(45)924-5260.
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Chart 1. Structure of (a) the Fourth Generation of Dendritic
Polyphenylazomethine (DPAG4) and (b) Triphenylmethylium
Tetrafluoroborate ((TPM)BF,)

DPA could assemble various kinds of metal ions based on the
interaction between metal Lewis acids and DPA imines. In addi-
tion, DPA’s w-conjugated dendritic structure is suitable for the
delocalization of cation charges. In this study, precise assembly of
an organic Lewis acid, TPMs, on DPA was demonstrated. In con-
trast to metal-ion assembly, the incorporation of organic species
allows for application of the resulting species in the formation
of new nanomaterials, taking advantage of the flexibility and
functionality. We found that TPM could be coordinated to the
imine group of DPA in stepwise radial fashion, which allows for
control of the number and position of TPMs incorporated into a
dendrimer. For a detailed investigation of TPM precise assembly,
this paper reports that DPAG4-ZnP having 60 imine sites could
complex with TPM in a fashion similar to a p-phenylene core
DPAG4 having 30 imine sites. In addition, the hybrid assembly
using TPM and metal ions on a DPAG4 was performed. The
variation in controlling a precise assembly on a DPA mold was
developed using TPM.

© 2010 American Chemical Society
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Figure 1. AlJob p]Ot18 of (TPM)BF4 and DPAGO. F(X) = AbS/(CG() + CTPM—BF4V) - (SGO *STPM+BF47)X - STPM+BF47, X = CG()/(CG() + C(TPM)BF) N
units molar fraction of DPAGO. Chloroform/acetonitrile (1/1) solution of DPAGO and (TPM)BF, with the same concentration, 2.5 x 10™* M, were
mixed in various proportions. The plot shows a maximum at a 0.5 mol fraction of DPAGO. The equilibrium constant of complexation, K, obtained by
curve-fitting a theoretical simulation to the experimental data was 5x10° M~
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Figure 2. (a) Schematic representation of the stepwise radial complexa-
tion of DPAG4 with (TPM)BF,. (b) UV—vis spectra of DPAG4 0—
30 equiv of (TPM)BF, and isosbestic points during the addition of
(c) 0—2,(d) 3—6, (e) 7—14, and (f) 15—30equiv of (TPM)BF,. [DPAG4] =
50 x 107 M.

Results and Discussion

UV—Vis Spectroscopy. A triphenylmethylium (TPM) carbo-
cation can coordinate to a pyridine nitrogen atom.'* Previously,
we reported the association of Rhodamine 6G on DPA, which
include a structure similar to TPM. " In this study, the stepwise
complexation behavior between triphenylmethylium tetrafluoro-
borate ((TPM)BF,4) and DPA was observed by UV—visible
spectroscopy during a titration in which (TPM)BF, was added
to the imine sites of DPAG4 having 30 imine sites. It was
observed that the absorption around 445 nm increased while
the absorption around 310 nm attributed to the imines de-
creased (Figure 1a). This behavior resembled that of the step-
wise complexation between an imine and a metal salt, such as
FeCl5'® or SnCl,."” A Job plot'® showed that DPAGO (Chart Sla,
Supporting Information) forms a 1:1 complex with (TPM)BF,
(Figure 1). The disappearance of yellow color (4,x = 405 and
435 nm) attributed to the TPM carbocation on adding DPAGO
also confirmed the complexation."”

Stepwise radial complexation based on the electron gra-
dient, which was due to electron-donating imines forming
the dendritic skeleton.?® Stepwise radial complexation of
(TPM)BF, on DPAG4 (Figure 2a) was confirmed by UV—
vis spectroscopy. An isosbestic point appears when one
compound is quantitatively transformed into another by
complexation (see Supporting Information). Four changes
in the position of the isosbestic points were observed during
the addition of (TPM)BF, to DPAG4, which indicated that
four different complexations are successively formed upon
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Figure 3. UV—vis spectra of DPAG4 complexed with 30 equiv of
(TPM)CI in CHCI;/CH3CN = 1/1 solution with 0.2 M (TBA)BF,.
[DPAG4] = 5.0 x 107° M.

(TPM)BEFE, addition (Figure 2b). These shifts are very similar to
those observed during complexation of metal ions. The spectra
of DPAG4 changed gradually with an isosbestic point at 371 nm
observed up to the addition of 2 equiv of (TPM)BF, (Figure 2c)
but shifted to 368 nm between 3 and 6 equiv (Figure 2d). During
the addition of 7—14 equiv, an isosbestic point appeared at
364 nm (Figure 2¢), which moved to 359 nm (Figure 2f) during
the addition of 15—30 equiv. The number of equivalents of (TPM)-
BF, required to induce a shift was commensurate with the number
of imine sites present in each generation layer of DPAG4. Similar
stepwise complexations were observed in the cases of DPAG2 and
DPAG3 (Figure S1). For DPAG2, two isosbestic points appeared
at 343 and 360 nm when adding 0—2 and 3—6 equiv of
(TPM)BF,. In the case of DPAG3, three isosbestic points centered
at 373, 361, and 355 nm appeared when adding 0—2, 3—6, and
7— 14 equiv of (TPM)BF,, respectively.

A triphenymethylium can hold various kinds of counter-
anion, such as CI, Br, BF4, PF¢ and so on, which influence the
ionization or stability.'*® Different from metal salt cases, the
TPM complexation with an imine requires the dissociation
of a counterion from a carbocation to make an unoccupied
orbital and to become a counterion of a TPM/DPA complex.
In the case of a DPA complex, BF4 was found to be suitable
for a stepwise radial complexation and TPM halides ((TPM)CI,
(TPM)Br) did not allow a stepwise complexation. Although
the UV—uvis titration of TPM halides on DPAG4 showed the
change in the spectra, the shift of an isosbestic point was not
observed because of the red shift (Figure S2). TPMPF¢
showed the complexation but the change was relatively small
due to a weak complexation constant. However, the condi-
tion of excess BF4 allows the stepwise radial complexation of
TPM halides. UV—uvis titration of (TPM)Clin 0.2 M (TBA)-
BF, solution was performed. The four shifts of isosbestic points
showed that a stepwise radial complexation of (TPM)CI had
occurred in 0.2 M (TBA)BF, solution (Figure 3), which was
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Vw) of DPAG4, DPAG4-ZnP and a Fréchet-type dendrimer. The figure shows the rate of free volumes (Vee/ V1)

of each generation of dendrimers. The van der Waals volumes are referred to and calculated based on previous studies.

Table 1. Hydrodynamic Volume (¥}), van der Waals Volume (V,,,), and Free Volume (V..) of each Dendrimer*

dendrimer Vi (A) Vi (A) Vjree (AY) Viresr, ) Vied” (A) Vired [V (%)
DPAG4 18557 4583 13704 8133 5571 30
DPAG4-ZnP 44889 10095 34794 16265 18529 41
“ V. means the free volume of the (TPM)BF, full complexed dendrimer. b Viied = Viiee = Virransr,

caused by the exchange of the counteranions, Cl to BF,.
Similarly, (TPM)Br could complex stepwisely under the condi-
tion of 0.1 M (TBA)BF, (Figure S3). These results suggest that
BF, stabilize a stepwise TPM complexation. If TPM derivatives
were difficult to isolate BF, salts because of synthetic difficulty,
TPM halides under an excess BF4 condition will allow a stepwise
complexation.

NMR Analysis. The complexation of DPA with (TPM)-
BF, was observed using '"H NMR and '*C NMR spectra
(Figure S4). The carbon peak of the imine site (C;, DPAGO)
shifted from 167 to 179 ppm on addition of an equimolar
amount of (TPM)BF, (Figure S4B). This is probably because
of the decrease in the 7 electron density of the imine site due to
the complexation. After the complexation, a new peak appeared
at 81 ppm, this was identified as the quaternary carbon of TPM
coordinated to the nitrogen of imine (C,), which corresponded
to the neutralization of the TPM carbocation by a DPA imine.
The number of peaks for the complex was equal to the sum of
the peaks of DPAGO and TPM. Comparison of the 'H NMR
spectra of DPAGO with that of DPAGO after the addition of an
equimolar amount of (TPM)BF, showed that all the peaks of
the DPAGO shifted downfield due to the electron withdrawing
effect of (TPM)BF, (Figure S4A). In addition, Figure S4C
shows the molecular modeling of DPAG0O and TPM using
MOPAC-AMI. A similar structure was reported in the X-ray
crystal structure analysis of the (C¢Fs);B/imine complex,!
which supports the idea that the steric hindrance between a
DPA imine and a three aryl unit would not become a problem in
the complexation.

Free Volume in a DPA. (TPM)BF, can be trapped in DPA
because the DPA skeleton is rigid and has sufficient space to
incorporate molecules, although (TPM)BF, has a larger
molecular size than metal salts. For discussing about the
free space, the free volume in a dendrimer (Vi) was
calculated based on the difference between van der Waals
volume V> and the hydrodynamic volume (¥},) using the
hydrodynamic radius in THF detected by SEC. According to
this calculation, the rate of free volume (Vieo/ V) of DPAG4
and a porphyrin core DPAG4 (DPAG4-ZnP) were deter-
mined to be 74% and 78%, respectively,* which were much
larger than that of a Fréchet type G4 dendrimer, 45%
(Figure 4).** In addition, Table 1 shows that the free volume
rate of DPAG4 complexed with 30 equiv of (TPM)BF,
(Vired | V5) would be reduced to 30%. The free volume rate

of DPAG4-ZnP having 60 imine sites complexed with 60 equiv
of (TPM)BF, would be reduced to 41% (Table 1), which are
larger than that of a Fréchet type G4 dendrimer in DMF
(21%).%* These results support that the fully stepwise radial
complexation of TPM™ and BF, into a phenylazomethine
dendrimer was possible in terms of the free space in a dendrimer.
Porphyrin Core DPA. Zinc porphyrin core DPA, that is,
DPAG4-ZnP (Figure 5a), has 60 imine sites; that is, each
layer has double the number of imines compared to the
p-phenylene core DPA, 4, 8, 16, and 32, respectively.” As
suggested by the dlscussmn of the free volume, the stepwise
radial complexation of (TPM)BF, on DPAG4-ZnP (Figure 5b)
was confirmed by UV —vis spectroscopy. Four changes in the
position of the isosbestic points were observed during the
addition of (TPM)BF4to DPAG4-ZnP, which indicated that
four different complexations are successively formed upon
(TPM)BF, addition (Figure 5c). The spectra of DPAG4-ZnP
changed gradually with an isosbestic point at 373 nm ob-
served up to the addition of 4 equiv of (TPM)BF, but shifted
to 369 nm between 5 and 12 equiv. During the addition of
13—28 equiv, an isosbestic point appeared at 362 nm, which
moved to 356 nm during the addition of 29—60 equiv. The
number of equivalents of (TPM)BF, required to induce a
shift was commensurate with the number of imine sites
present in each generation layer of DPAG4-ZnP, 4, §, 16,
and 32, respectively. Similar stepwise complexations were
also observed for DPAG3-ZnP, DPAG2-ZnP and DPAGI-
ZnP (Figure S5). In the case of DPAG3-ZnP, three isosbestic
points centered at 367, 365, and 356 nm appeared when
adding 0—4, 5—12, and 13—28 equiv of (TPM)BF4, respec-
tively. For DPAG2-ZnP, two isosbestic points appeared at
343 and 360 nm when adding 0—4 and 5—12 equiv of
(TPM)BF,. DPAGI1-ZnP has only four imines, so that one
isosbestic point was observed at 443 nm. The numbers of
(TPM)BF, equivalents which were required to induce a shift
agreed with the number of imine sites present in each generation
layer of DPAG4-ZnP, 4, 8, 16, and 32, which confirmed a
stepwise radial complexation similar to that DPAG4.
Electrochemical Analysis. The zinc porphyrin core shows
reversible redox waves on a cyclic voltammogram. We ob-
served the redox wave characterized as a le~ oxidation to the
monocation radical (ZnP"). The redox potential of the zinc
porphyrin ring clearly shows the effect by meso-substitution.
Actually the stepwise complexation of metal salts on DPA-ZnP
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Figure 5. (a) Structure of DPAG4-ZnP. (b) Schematic representation of the stepwise radial complexation of DPAG4-ZnP with (TPM)BF,. (c) UV—vis
spectra of DPAG4-ZnP 0—30 equiv of (TPM)BF, and isosbestic points during the addition of 0—4, 5—12, 13—28, and 29—60 equiv of (TPM)-

BE,. [DPAG4-ZnP] = 2.5 x 10 ° M.
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Figure 6. Changes in the redox potentials of (a) DPAG3-ZnP and (b) DPAG2-ZnP and DPAG1-ZnP complexed with (TPM)BF, measured by cyclic
voltammetry. This positive shift on the addition of (TPM)BF, is attributed to the coordination of (TPM)BF, to the four inner imines, which involves an

electron withdrawal effect through covalent bonds.
was analyzed using electrochemical method in a previous

probe the stepwise assembly of TPM an electrochemically.

For DPAG1-ZnP, the observed half-wave potentials, middle
report.”> Therefore, a zinc porphyrin core dendrimer could value of the anodic and cathodic peak: E ), = (En, + Eoc)/2) of
/ p P!

the ZnP/ZnP* redox couple, positively shifted by 0.2 V after
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full complexation of (TPM)BF, (Figure 6a). The redox poten-
tial shift occurred up to full complexation of the four molar
amounts of (TPM)BF;, to four imine units involving electron
withdrawing through covalent bonds. This result was very
similar to the behavior previously observed for a metal salt
complex under the same conditions.* It was estimated that the
Hammett constant was almost the same as that of the FeCl;
complex (6 = 0.55). The redox potential did not change when
(TPM)BF, was added to meso-tetraphenyl zinc porphyrin
without DPA imines. Thus, the addition of (TPM)BF, results
in lowering of the electron density of the dendrimer core
through the complexation with the imine sites of the dendrimer.

A reversible redox wave of the free base DPAG2-ZnP at
0.35 V was also shifted to a more positive value 0.54 V (vs Fc/
Fc™) by the coordination of (TPM)BF,. The potential shift
almost converged with four molar amounts of (TPM)BF,
addition, although the number of imine sites is 12 (Figure 6b).
The shift width almost agreed with that observed in the case of
DPAGI1-ZnP (+0.2 V). If the complexation was random, the
redox potential would increase up to the addition of 12 molar
amounts of (TPM)BF,. This result shows the stepwise com-
plexation from the first layer of imines.

On addition of 4 equiv of (TPM)BF4 to DPAG3-ZnP, the
redox potential of ZnP/ZnP™ at the core shifted from 0.31 V
(vs Fc/Fch) to 0.45 V (vs Fc/Fc™). After the convergence of
the first shift of the redox potential, it shifted to 0.55V (vs F¢/
Fc')again with the addition of 24 equiv of (TPM)BF,, which
is probably due to the environmental change around the
porphyrin core by the complexation (Figure 6¢). This step-
wise behavior was very similar to the previously observed beha-
vior for the FeCly complex® (Figure S6). In addition to the
DPAGS3-ZnP experiments, we tried that of DPAG4-ZnP but it
was difficult to detect E; » from the broadened peak because of the
decrease in the diffusion constant and the low solubility. However,
a similar behavior like that of DPAG3-ZnP would seem to occur
in the FeCl; case. In each ZnP core dendrimer, the redox shift
behavior is related to the stepwise complexation of (TPM)BF,,
which was also confirmed by the UV —vis titration method.

Organic—Metal Hybrid Assembly on DPAG4. An organic—
metal hybrid assembly could be achieved by taking advan-
tage of the difference in the complexation constant to DPA
imines, K (Kge > 10° M™', Kpy = 5 x 10° M™", Kguer, =
1.4 x 10* M~ "). In the previous study, we reported that hetero-
metal assembling on DPA appears to be governed by the
complexation ability of the metal salts, with a stronger
coordinating metal in the inner layer and weaker coordinat-
ing metals in the outer layer.?® The complexation abilities of
FeCls, SnCl; and (TPM)BF, were compared by the normal-
ized titration curve of DPAG1 in THF/CH3;CN =1/1 solu-
tion (Figure S7), which showed the faster convergence of
FeCl; than that of (TPM)BF,. These results confirmed that
the order of complexation ability was as follows: FeCl; >
(TPM)BF, > SnCl,,

We demonstrated UV —vis titration by the addition of
FeCl; followed by (TPM)BF, using DPAG4 (Figure S8).
After adding 14 equiv of FeCl;, the isosbestic points were
observed at 372 nm for 0—2 equiv of FeCls, 370 nm for 3—6
equiv, and 366 nm for 7—14 equiv, which correspond to the
complexation of the first—third layers. After adding (TPM)-
BF 4, the isosbestic points shifted to 362 nm for 0—16 equiv of
(TPM)BF,, which corresponded to the complexation with
the fourth layer. It was confirmed that the inner layer of
DPAG4 was complexed with FeCls, followed by the outer
layer with (TPM)BF,. Table S1 summarizes the isosbestic
points for other adding patterns.

UV—vis titration by the addition of (TPM)BF, followed
by SnCl, was also performed (Figure 7, and Table S1). After
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Figure 7. (a) Schematic representation of the hybrid complexation of
DPAG4 with (TPM)BF, and SnCl,. (b) UV—visible spectra of DPAG4
complexed with 14 equiv of (TPM)BF, followed by 16 equiv of SnCl, and
isosbestic ;%oints during addition of (TPM)BF, and SnCl,. [DPAG4] =
50 x 107° M.

adding 14 equiv of (TPM)BF,, the isosbestic points were
observed at 371 nm for 0—2 equiv of (TPM)BF,4, 369 nm for
3—6equiv, and 363 nm for 7—14 equiv, which correspond to
the complexation of first—third layers. After that, the iso-
sbestic point shifted to 360 nm for the following 0—16 equiv
of SnCl,, which means the complexation with the fourth
layer. In addition, in the case of the addition of SnCl, fol-
lowed by (TPM)BF,, the shift in isosbestic points was dif-
ferent from that of (TPM)BF, followed by SnCl,. Figure S9
shows that (TPM)BF, complexes with the inner layer imines
regardless of the order of their addition. Although the
stepwise metal assembly on DPAG4 usually occurs from
the inner layer, the hybrid complexation using (TPM)BF,
allows metal ions to complex with the outer layer selectively.
This unique method gives DPA the more precise control of
metal assembly on its ;7-conjugated backbone than before.

Conclusion

This study developed the variation in assembling species from
metal ions to organic species. The organic cation, (TPM)BF,, was
found to complex with DPA in a stepwise fashion similar to that
of metal ions. This stepwise radial complexation of TPM cations,
which is assisted by BF4 anions, suggests that DPA be suitable
structure for delocalization of cation charges. Surprisingly, in
addition to DPAG4, DPAG4-ZnP having 60 imines also could
trap TPMs effectively in a stepwise fashion, due to its rigid
skeleton having sufficient space. Considering that TPM can be
easily tuned to Lewis acidity by phenyl substitution, an investiga-
tion of the quantitative assembly of various dyes based on a TPM
skeleton is expected. If TPM derivatives were difficult to isolate as
BF, salts, TPM halides under an excess BF, condition will allow a
detailed analysis of the complexation behavior of TPM deriva-
tives. Furthermore, the control of the number and location of
metal ions on a DPA could be developed through the hybrid
assembly of metals and TPMs. This hybrid complexation using
(TPM)BF, enables metal ions to complex with the DPA outer
layer selectively, which expands the variety of stepwise metal
assembly using DPA. By expanding the range of molecules which
are able to be encapsulated in DPA from metal ions to organic
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molecules, we have taken an advanced step toward the design of
novel nanomaterials.

Experimental Section

Methods. The UV —vis spectra were recorded using a Shimadzu
UV-3100PC spectrometer with a sealed quartz cell (optical path
length: 1 cm) at 20 °C. The details of the UV—vis titration method
are described in the section General Method of UV—Vis Titration
below.

The NMR spectra were recorded using a JEOL JMN400
FT-NMR spectrometer operating at 400 MHz ('H) or 100 MHz
("*C). in CDCl;:CD5CN = 1:1 solvent + TMS solution. The 'H
NMR chemical shifts were referenced to the solvent peak (CDCls:
7.26 ppm) and tetramethylsilane (TMS: 0 ppm) as internal stan-
dards. The *C NMR chemical shifts were referenced to the solvent
peak (CDCls: 77.0 ppm).

Cyclic voltammograms were recorded using an ALS 440 electro-
chemical analyzer. A glassy carbon electrode was used as the work-
ing electrode (¢ = 3 mm), which was polished with 0.05 mm
alumina paste before the analysis. The counter and the reference
electrodes are Pt wire and Ag/Ag". All measurement was carried
out with same Ag/Ag™ reference after N, bubbling for 5 min. The
measurement solution was 2 mL of CHCl;:CH;CN = 4:1 includ-
ing 0.1 M (TBA)PF. The redox potential was then referenced to
the ferrocene/ferrocenium standard by the half-wave potential of
0.2 mM ferrocene measured in 0.1 M BuyNCIO4/CH;CN. The
concentration of DPAGX (X = 1—3) in each solution is 0.25 mM,
followed by addition of (TPM)BF, acetonitrile solution.

Analytical size-exclusion chromatography (SEC) was per-
formed using an HPLC (Shimazu, LC-10AP) equipped with a
TSK-GEL CMHXL (Tosoh). Tetrahydrofuran (THF) was used
as the eluent at the flow rate of 1 mL/min. The detection line was
connected to a triple detector (Viscotek, TriSEC model 302).

The semiempirical molecular orbital calculation and opti-
mizations of the molecular conformation were done on a Cache
Worksystem ver. 5.04 (Fujitsu) employing the MOPAC-AM 1
parameter.

Chemicals. All DPAs were synthesized by a previously reported
method.”>?” Triphenylmethylium tetrafluoroborate ((TPM)BF,)
and TPM halides were purchased from Tokyo Chemical Industry
Co. Dehydrated chloroform and SnCl, were purchased from
Wako Pure Chemical Industries; dehydrated acetonitrile were
purchased from Kanto Kagaku Co. Dehydrated FeCl; and
(TBA)BF 4 were purchased from the Kanto Kagaku Co.

General Method of UV—Vis Titration. Solutions of DPAG4
(chloroform/acetonitrile =1/1, 5.0 x 10~° M), (TPM)BF; (aceto-
nitrile, 5.0 x 107> M) were prepared in volumetric flasks. To a
quartz cell was added 3.0 mL of the DPAG4 solution, followed
by the addition of 3 uL of (TPM)BF, solution (i.e., 1 equiv for
DPAG4). The UV—vis spectra were measured until agreement
was obtained with the one immediately before. Measurements
were repeated after each addition of 3 uL of TPM solution to
achieve UV —vis titration. After the measurement of UV—vis
spectra, the absorption of FeCl; was subtracted to find the DPA
absorption changes and isosbestic points.'®
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