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Dendrimers are attracting increasing attention because of their
unique, highly branched structures, novel properties, and avail-
ability through iterative synthesisAt the same time, remarkably
little is known about the three-dimensional structure and the
interior nanoenvironment of dendrimers. For example, there
remains considerable debate about whether the point of maximum
density resides at the core or the surfa@md little is known
about the porosity, flexibility and interior polarity of dendrimers.

We recently reported that hydrogen bonding units at the core
of dendrimers can be used to control their aggregatidterein
we report the ability of two classes of dendritic hosts with
naphthyridine units at their coresg—d, 2a—d) to hydrogen bond
complementary benzamidinium gue&sand 4. Because hy-
drogen bond strengths depend on solvent polarity, the guest
molecule serves as a sensitive probe of the dendrimer’s internal
accessibility and polarity. This study provides one of the first
direct comparisons of properties of two distinct classes of
dendrimers and broadly assesses the suitability of this class of
polymers to site-specifically complex small molecules within their
interiors via hydrogen bondingy.
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arylphenyl ether dendrodfsCompounds3 and 4 were used as
their tetrakis[3,5-bis(trifluoromethyl)phenyl]borate salts to enhance
their solubility in organic solvents.
The association constants,{so) were too high in chloroforna
to determine accurately B NMR, therefore most of the studies
were performed in 10% acetonitriti/chloroformd. The stoi-
chiometry of all host guest complexes was determined to be 1:1
by Job analysis. This finding, combined with the substantial
downfield shifts &1 ppm) of the benzamidinium NHyroups
upon complexation, and the lack of any complexation betvdeen
and9, indicates that binding is driven by specific hydrogen bond
pairing at the naphthyridine core.
The Kassocwere measured for complexes between hasiad
2 and guest8 and4 by using alH NMR dilution method (Table
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A scalet® To further assess the role of the dendritic substituents in

the binding process, Kassocvalue was measured for the complex

In each case, the complexation was fast ortthBIMR time
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formed betweer and 4 and 2,7-dimethylnaphthyridinel ().
Although diyne5 was a more appropriate control compound, it
exhibited insufficient solubility for study. Most striking is the
fact that theK,ssocare nearly identical for the eight differeht3
and2-3 complexes and for the control complég-3 (Table 1).
The maximumAAG? for the 1-3 and2-3 complexes<0.3 kcal
mol™?, is likely within experimental error. Thus, the size of the
dendrimer and its chemical nature only marginally alter complex
stability. With the larger guegt, the higher generation dendritic

hosts bind more weakly, reflecting the increased steric demands™

for complexation.
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Binding studies ofLla,d and2a,d with guest3 were performed
in 5% and 15% acetonitrilds/chloroform4d to gain additional
insight into the role of the solvent and dendrimer substituents in
controlling the nanoenvironment at the core. A plot of complex-
ation energy vs solvent composition is shown in Figure 1. The
four dendrimers exhibit similanG® values in each solvent
mixture AAG° < 0.3 kcal mot?), and each shows a similar
response to change in solvent polarity. All the results combined
suggest that the environment at the naphthyridine core of both
types of dendritic hosts is either apolar or controlled by the solvent
even in the largest dendritic hosted( 2d). Using a spectropho-
tometric method, Hawker and Faleet'? reported that the local
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Table 1. Summary of Binding Constants between Dendritic Hosts
and Guests8 and4 in Mixtures of CD:CN and CDC§

guest
3 4

5% CD;CN 10% CRCN 15% CQCN  10% CIRXCN

—AG® —AG® —AG® —AG®

Ka (kcall Ki (kcall Ki (kcall Ki (kcal/

host M™) mol) (M™) mol) (M) mol) (M7 mol)
6520 5.1 1860 4.4 960 40 2610 4.6
la 3020 4.7 940 4.0 490 3.6 1100 41

1b 810 3.9 790 3.9

1c 780 3.9 560 3.7
1d 3580 4.8 800 3.9 380 35 390 35
2a 4260 49 1400 4.2 610 3.7 2040 44

2b 1290 4.2 1370 4.2

2c 1030 4.0 1080 4.1
2d 2680 4.6 820 3.9 340 3.4 520 3.6

a At 293 K. Method: *H NMR dilution of a 1:1 host-guest compleR.
Saturation ranges are between 10 and 80%. Binding constants are
averages of triplicate runs that were withi15%.
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Figure 1. Plot of complexation energy as a function of solvent polarity.
Complexes with3: O, 1a O, 1d; a, 2a A, 2d.

polarizability parameter at the core of arylbenzyl ether dendrimers
is very high and comparable to that of very polar solvents such
as DMF. TheKgssocValue for the3-10 complex is<3 Mt in
dimethylformamided; and ca. 200 M*in acetoneds. Hydrogen
bond strengths measure a different component of solvent polarity
thanz*, but whatever the polarity the current results show that
the dendrimer exerts a negligible influence on the core nano-
environment even irid and 2d.

In conclusion, dendritic naphthyridine hosts with molecular
weights up to the 10 kD range are capable of binding a simple
benzamidinium guest via specific hydrogen bonding interactions
at their core. The fast oroff rates, high complex stability,
relative insensitivity of complexation strength to the dendrimer
size and nature, and the similar response to solvent polarity
suggest that these hosts are highly porous.
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