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The reaction of boehmite ([AIO(OH)],) and 5,8-dihydroxy-
1,4-naphthoquinone (DHNQ) in refluxing water led to spontane-
ous assembly of a mixture of coordination complexes, in which
extended network of deprotonated DHNQ (DONQ?") is bridg-
ing between two AP ions in the bis-0,0'-bidentate fashion.
UV-vis spectroscopy, C solid-state NMR, and size exclusion
chromatography (SEC) analysis are consistent with the forma-
tion of dendrite structures.

Spontaneous assembly of supramolecular architectures with
particular coordination geometries is an extremely efficient
approach for the development of periodic metal-organic frame-
work often found in such materials.! To date, numerous coordi-
nation open-framework materials> and dendrite complexes?
have emerged using generality of the self-assembly approach,
and became increasingly important as research expands into
the fields of catalysis,* nonlinear optics,’ magnetism,® molecular
recognition,’ and electron transfer® to name a few.

Most of coordination polymers and dendrimers are built
around transition metals, but, to the best of our knowledge, no
aluminum-based supramolecular structure is reported to date.
Aluminum is, however, one of the most abundant element,
and the utilization of aluminum can be a highly cost-efficient
approach to the development of functional molecules. Indeed,
novel properties of aluminum oxide-based materials have been
discovered in recent years.’ In this light, recently we explored
spontaneous synthesis of aluminum complexes from boehmite
([AIO(OH)],), a naturally occurring aluminum oxide, and
bidentate ligands under biphasic conditions. For instance, a
stoichiometric reaction between [AIO(OH)], and 2,4-pentane-
dione (Hacac) in refluxing water prepared tris(acetylacetonato)-
aluminum (Al(acac)s) in a single step.'? In an another example, a
similar reaction between [AIO(OH)], and 8-hydroxyquinoline
(8-Hq) lead unexpectedly to the preparation of the facial isomer
of tris(8-hydroxyquinolinato)aluminum (Alqs), which is thermo-
dynamically less stable than the meridional isomer, a well-
known complex used in organic light-emitting devices.!! These
experiments demonstrate usefulness of [AIO(OH)], as a quanti-
tative source of AI** ion for the preparation of six-coordinate
aluminum complexes. In purpose of harnessing [AIO(OH)],
for preparation of progressively complex structures, we attempt-
ed preparation of macromolecular Al coordination complexes
using 5,8-dihydroxy-1,4-naphthoquinone (DHNQ) as a bridging
ligand.

In a typical synthesis, 1.5 equiv. of DHNQ (240mg,
1.25 mmol) was added to a water (40 mL) suspension of 50 mg
(0.83 mmol) of [AIO(OH)], powder]2 and refluxed for 72h
under vigorous stirring. After filtration, the resulting burgun-
dy-colored solids were rinsed with ethanol (S5mL x 3) and

dried under vacuum to obtain 248 mg (85.5%) of a solid product.
The product is reasonably soluble in DMF and, to a lesser
degree, in xylene.

The UV-vis spectra of DMF solutions of the product and
DHNQ are shown in Figure 1. Characteristic absorption bands
of DHNQ at 496, 526, and 566 nm are apparently red-shifted
in the product (505, 535, and 575 nm), indicating the presence
of naphthoquinone moieties. A new broad absorption band
at 411 nm is considered to derive from charge transfer (CT)
between donor (DONQ?~) and acceptor (Al*T) components.

An X-ray powder diffraction (XRPD) pattern shows a broad
peak, indicating the absence of crystalline structures. The '*C
solid-state NMR spectrum of the product exhibits three sharp
resonances, which are assigned to the aromatic carbons in the
bridging naphthoquinone moieties, confirming the symmetric
coordination to AI** ions via bis-0,0'-bidentate fashion
(Figure 2). Size exclusion chromatography (SEC) of a DMF so-
lution of the product shows multiple components as summarized
in Table 1. Among the first two components, which occupy
nearly 70% of the products, the heaviest component possesses
number averaged molecular weight (M,) and the calculated
polydispersity (My,/M,) of 5011 and 1.133, respectively. It is
speculated that relatively large molecular weight and unusually
narrow polydispersity is difficult, if not impossible, to achieve
in a single-step Lewis acid/base reaction product by assuming
linear, block, or random oligomer structures. Such structures
with narrow polydispersity are prepared when group transfer
polymerization technique is used.'3 Possibility of a uniform
decomposition of a larger molecule upon dissolution in DMF
is also a very unlikely event and thus spontaneous assembly of
a dendrite structure is implied. The converging polydispersity
to a value of 1 in the smaller M, components can be explained
if they constitute younger generation dendrimers. Figure 3 shows
possible structures of the dendrimer and its fragments. These
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Figure 1. UV-vis spectra of the product and DHNQ in DMF.
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Figure 2. 3CCP/MAS NMR of as-synthesized product. Inset

shows the assignments of carbons. Spinning sidebands are
labeled with stars.

Table 1. Summary of SEC analysis

Peak No. M2 My /M, Area/%
1 5011 1.133 30.5
2 1954 1.044 38.2
3 1104 1.009 6.9

aMolecular weights are based on the calibration of standard
polystyrene. Components with M, < 1000 are omitted.
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Figure 3. Proposed structures of the dendrimer and its frag-
ments. Molecular weights are calculated using AI’** = 27 and
DONQ*™ = 188.

proposed structures are constructed under the following rules; (i)
estimate the number of AI** and DONQ?~ that is close to the M,
values in Table 1, (ii) connect them by postulating non-linear
structures with high symmetry, (iii) each branch is terminated
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with the —~AI(OH), group. Since the structure of the second heav-
iest component agrees with that of the lower generation of the
dendrimer, it is suggested that the dendrite structure expands
outward in divergent fashion.!*

In conclusion, spontaneous assembly of the Al-based
dendrite structure is achieved in a biphasic reaction. Further
study is needed to prepare and isolate a pure component
that may allow structural determination. Since the resulting
dendrimer is expected to possess terminal hydroxy groups, other
functional groups can be readily tethered, rendering the mole-
cule more practical. We are particularly interested in developing
a dual functional fluorescent/hole-transport material for the
development of high efficiency organic light-emitting devices.
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