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Recent progress in the synthesis of dendritic mol-
ecules has provided a new methodology for molecular
architecture to build up globular-shaped, hyperbranched
macromolecules of nanoscopic size.1,2 By reference to
the chemistry of micellar aggregates, most studies to
date focus attention on the functionalization of the
exterior surface of dendrimers, but examples of core-
functional dendrimers are only very limited.3 Recently,
we have reported the first example of a dendritic
molecule having an interior metalloporphyrin function-
ality, the zinc porphyrin covalently linked to aryl ether
dendritic arrays (LnPZn, n [number of aryloxy layers]
) 1-4),4-6 by Fréchet’s convergent approach.7 The
interior zinc porphyrin functionality is usable as a
spectroscopic probe. Herein we report results of a
spectroscopic investigation on the interior properties of
the dendritic zinc porphyrins, LnPZn (n ) 1-5) and
p-L5PZn, and wish to highlight their interpenetrating
interaction with dendritic imidazoles (LnIm: n ) 1, 2,
and 4).

L5PZn8 and p-L5PZn9 were newly synthesized in a
manner similar to that for LnPZn (n ) 1-4).4 Computer-
generated molecular structures of LnPH2

10 suggest that
the morphology of the dendrimer framework stepwise
changes from “open” (n ) 1-3) to “semiclosed” (n ) 4)

to “closed” (n ) 5) as the number of generations is
increased, and the highest-generation L5PH2 (Figure 1)
takes a near-globular shape in diameter of approxi-
mately 5 nm. On the other hand, p-L5PZn takes a more
open architecture than L5PZn, and is rather close to
lower-generation L4PZn, since the dendritic arrays are
attached to the para positions of the phenyl substituents
on the interior zinc porphyrin skeleton. In the absorp-
tion spectra in CH2Cl2, the Soret bands of LnPZn (n )
2-5) were red-shifted from that of L1PZn (421.3 nm),
and this tendency progressed as the number of genera-
tions was increased.11 In particular, the Soret band
wavelength of the highest-generation L5PZn in CH2Cl2
(λSoret[CH2Cl2]: 427.0 nm) was very close to that in 1,3-
dimethoxybenzene (DMB), a monomeric model of the
dendritic arrays (λSoret[DMB]: 427.7 nm), whereas those
of L1PZn in these two solvents were considerably
different from each other (∆λSoret ) 6.3 nm) (Figure 2,
9). Thus, in good correlation with the computational
simulation, the encapsulation of the zinc porphyrin
functionality by the dendrimer framework is almost
accomplished for L5PZn. It is also worth noting that
∆λSoret for p-L5PZn was 2.1 nm, which is definitely
larger than that for L5PZn (0.7 nm) but comparable to

† Responsible for fluorescence lifetime measurements.
‡ Responsible for molecular modeling studies.

Figure 1. A wire-frame representation of a computer-gener-
ated molecular structure of L5PH2.

Figure 2. Differences in Soret band wavelengths (9) of LnPZn
(n ) 1-5) in 1,3-dimethoxybenzene (λSoret[DMB]) and CH2Cl2
(λSoret[CH2Cl2]), and 1H NMR pulse relaxation times (T1, b and
O) of LnPH2 (n ) 1-5) in CDCl3 at 20 °C.
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that for lower-generation L4PZn (1.9 nm), indicating
that the interior environments of p-L5PZn and L4PZn
are similar to each other.
The LnPZn family upon excitation at the Soret band

in MeCN emitted fluorescences at 604 and 659 nm.4 A
time-resolved fluorescence study12 showed single-expo-
nential decay profiles for LnPZn (n ) 1, 4, and 5), where
quite normal singlet lifetimes (1.6-1.7[(0.1] ns) were
observed irrespective of the number of generations.
Thus, the singlet excited state property of the zinc
porphyrin functionality is not affected by the encapsula-
tion with dendritic arrays. In connection with the
observation, 1H NMR pulse relaxation time (T1) mea-
surements of LnPH2 (n ) 1-5) in CDCl3 (Figure 2)
indicated that the conformational motion of the por-
phyrin skeleton (b) remains virtually intact upon incre-
ment of the number of generations, whereas the MeO
groups (O) on the exterior surface become less mobile.2a

With all the above spectroscopic profiles in mind, the
possibility of interpenetrating interaction between den-
drimers was investigated using 1-dendritic imidazoles
(LnIm, n ) 1, 2, and 4). Figure 3 shows a typical
example of the spectral change at the Soret region of
L1PZn upon titration with L4Im in CH2Cl2 at 20 °C.
Likewise, in every combination of LnPZn and LnIm, the
absorption spectra of LnPZn upon addition of LnIm
changed with clear isosbestic points. In each case, the
plots of ln[(Aobsd - A[LnIm])0)/(A[LnIm])∞ - Aobsd)]13 versus
ln[LnIm] gave a straight line with a slope close to unity
(correlation factor: 0.98-0.99), indicating one-to-one
complexation between LnPZn and LnIm. As expected,
the binding constants (K) evaluated (Figure 4A) are
obviously smaller as LnPZn and LnIm are larger. In
good correlation with the spectral profile (9) in Figure
2, a notable gap in binding constant was observed
between L3PZn and L4PZn. The highest-generation
L5PZn exhibited an extremely low affinity toward the
largest L4Im, where the observed binding constant (K
) 2.4 × 102 M-1) was merely 1/150 that of L1PZn
toward L4Im and 1/5.8 that of L5PZn toward L1Im. On
the other hand, p-L5PZn, bearing larger dendritic
arrays than L4PZn, exhibited binding constants com-
parable to those of L4PZn, again indicating a more open
architecture of p-L5PZn than L5PZn. Of further inter-
est to note here is that the binding constants toward
L2Im and L4Im relative to those toward L1Im (KLnIm/
KL1Im, Figure 4B) showed upward-convex dependencies

on the number of generations of LnPZn, suggesting that
a van der Waals attractive force (complementarity) is
operative in competition with the size-exclusion force.
In summary, by using the interior metalloporphyrin

functionality as a spectroscopic probe, we have shown
a structure-interior property relationship for an aryl
ether dendrimer family and evaluated for the first time
the interpenetrating interaction between dendrimer
molecules. Further studies on biomimetic applications
of dendritic metalloporphyrins are in progress.
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Soc. 1995, 117, 4409. (c) Newkome, G. R.; Güther, R.;
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