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The ability of a series of crown ether-functionalized dendrimers to function as alkali metal picrate extrac-
tion agents is assessed by liquid–liquid extraction and 1H NMR titration experiments. Crown ether-func-
tionalized dendrimers that contain Fréchet-type poly(benzyl ether) dendrons of different generation as
building blocks display different extraction characteristics toward alkali metal cations. Positive and neg-
ative dendritic effects depending on the generation of the dendrimer are assigned in the complexation
behaviour of the dendritic host compounds.

� 2009 Elsevier Ltd. All rights reserved.
Host–guest chemistry has been a central concern in the field of
supramolecular chemistry. The design and construction of hosts
that are capable of selective binding of guest molecules require
precise control over geometrical features and interaction comple-
mentarity. This can be achieved by using versatile building blocks
that allow the introduction of binding sites with directional bind-
ing interactions at well defined positions.1 Since the discovery of
crown ethers and their ability to form stable host–guest complexes
with metal ions,2 host–guest chemistry has moved from simple
macromonocyclic complexes3 to more sophisticated structures4

involving lariat-type complexes,5 macrooligocyclic cryptands,6 ri-
gid spherands,1a,7 and other supramolecular systems.8 A particular
host family are functional dendrimers that are distinguished by the
use of covalently attached active core molecules, especially those
based on macrocyclic cores. The many results reported so far have
led to an attractive new branch of supramolecular chemistry,9

which includes a variety of receptors, such as dendritic porphyrins,
dendroclefts and dendrophanes, that show specific properties.10

The highly branched nature of dendrimers and the presence of a
large number of surface groups (inherent of a dendritic skeleton)
result in several special effects, known as the ‘dendritic effect’.11

In a previous publication we reported the synthesis and charac-
terisation of a series of novel dendritic host compounds 1–9, con-
taining crown ether moieties of different ring sizes as the core
unit, surrounded by Fréchet-type poly(benzyl ether) wedges of
first, second or third generation (Fig. 1).12 Actually, in this series
of compounds the crown ether ring sizes systematically varied
from benzo-12-crown-4 via benzo-15-crown-5 to benzo-18-
crown-6. The motive for the synthesis of this particular type of
crown ether-functionalized dendrimers was to highlight the com-
ll rights reserved.
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petition between multiplicity and cooperativity effects of a neigh-
bouring macrocyclic ring and dendritic branches of first, second or
third generation, comprising 6, 14 or 30 oxygen atoms as potential
metal ion coordination sites. Furthermore, the incorporation of the
Fréchet-type dendritic moieties confers rigidity and lipophilicity
upon the resulting crown ethers, factors which have been shown
to affect the selectivity and the binding avidity of host systems.

We report here the specific cation-binding properties of the
dendritic host compounds 1–9 as evaluated from picrate extraction
experiments. In addition, 1H NMR spectra were recorded to assess
the influence of the steric and electronic factors of the Fréchet-type
dendritic wedges on the complexation properties of the present
host compounds.

In order to establish the extent of the dendritic effects on the
complexation properties, it was necessary to make a comparison
with the corresponding parent crown compounds.

The alkali metal cation (Li+, Na+, K+, Rb+, Cs+) complexing abili-
ties of the crown ether-functionalized dendrimers 1–9 and of ben-
zo-12-crown-4, benzo-15-crown-5 and benzo-18-crown-6 ethers
were assessed by solvent extraction of aqueous alkali metal
picrates with dichloromethane solutions of the above compounds.
The percent extractabilities (%Ex), defined as percent picrate
extracted into the organic phase, are shown in Table 1.

Considering the common size relationships between cation
diameter and crown ring interior, the observed extractabilities
are reasonable. The dendrimers are shown to extract alkali metal
ions in a generation-dependent manner. The results indicate, in
general, an increase of the extraction efficiencies for the alkali
metal cation from the crown ether model compounds to the first
generation dendrimers, and a gradual decrease of extraction effi-
ciencies from the first generation via second to third generation
crown ether-functionalized dendrimers. In other words, positive
and negative dendritic effects are notable in the complexation
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Figure 1. Formulae of crown ether-functionalized dendrimers 1–9.

Table 1
Results of liquid–liquid alkali metal extraction experimentsa

Percentage of picrate extractedb (%)

Host Li+ Na+ K+ Rb+ Cs+

Benzo (12-crown-4) 1.5 ± 0.3 1.3 ± 0.1 0.9 ± 0.2 0.7 ± 0.1 0.7 ± 0.1
1 2.3 ± 0.1 1.7 ± 0.2 1.1 ± 0.1 1.1 ± 0.2 0.9 ± 0.2
2 1.6 ± 0.2 1.5 ± 0.1 1.1 ± 0.2 0.8 ± 0.2 0.5 ± 0.1
3 0.9 ± 0.1 0.9 ± 0.2 1.0 ± 0.2 0.6 ± 0.2 0.5 ± 0.2

Benzo (15-crown-5) 1.2 ± 0.2 3.5 ± 0.3 4.7 ± 0.2 2.9 ± 0.1 1.6 ± 0.3
4 1.5 ± 0.1 5.1 ± 0.2 5.6 ± 0.2 3.3 ± 0.1 1.4 ± 0.2
5 0.9 ± 0.2 3.7 ± 0.4 4.4 ± 0.1 3.2 ± 0.2 1.0 ± 0.3
6 0.5 ± 0.1 1.9 ± 0.2 3.4 ± 0.1 2.0 ± 0.3 0.9 ± 0.1

Benzo (18-crown-6) 1.0 ± 0.2 3.8 ± 0.2 58.9 ± 0.4 38.5 ± 0.5 24.5 ± 0.6
7 1.9 ± 0.3 6.5 ± 0.4 65.7 ± 0.3 41.3 ± 0.3 31.6 ± 0.8
8 1.8 ± 0.2 4.2 ± 0.5 58.1 ± 0.4 36.1 ± 0.4 25.2 ± 0.4
9 0.7 ± 0.1 1.4 ± 0.1 49.5 ± 0.5 27.6 ± 0.6 19.4 ± 0.2

a Aqueous phase (5 mL), [MOH] = 10�1 M, [picric acid] = 10�3 M; organic phase
(CH2Cl2, 5 mL), [ligand] = 10�3 M.

b Average of three independent runs.
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behaviour of the host compounds. A potential explanation is that
for the first generation crown ether-functionalized dendrimers,
donor atoms in the dendritic branching are able to interact, con-
trolling the binding strength with the alkali metal cation, while
steric repulsion is effective in the second and third generation
crown ether-functionalized dendrimers. A rationale for the nega-
tive dendritic effect is perhaps the steric hindrance of the crown
ether cavity caused by the dendritic branches, as the large den-
dritic fragments of the third generation provide a hydrophobic bar-
rier against permeation of the metal ions, thus hindering guest
binding.

On the NMR time-scale, the complexes are kinetically stable
and show characteristic spectroscopic changes with respect to
the free host compound. 1H NMR titrations in CD3CN revealed
the stoichiometry of host:guest binding as 1:1, with clear titration
profiles for the macrocyclic, benzylic and aromatic resonances of
the host compounds indicating saturation of the crown ether-func-
tionalized dendrimer receptors on the addition of one equivalent of
alkali metal cation (Supplementary data). Moreover, the stoichi-
ometry of host:guest binding was found to be independent of the
dendrimer generation. Also, the 1H NMR titrations allowed us to
determine whether the crown ether moiety and the dendritic
wedges cooperate in the binding of alkali metal cations. Figure 2
shows the 1H NMR spectra of the host compound 7 upon addition
of K+ in CD3CN.

As expected, the signals of the crown ether protons shifted to a
lower field by complexation with K+ cations. A similar, although
less marked effect was observed for the benzylic protons of the
two first generation dendrons, indicating three-dimensional inter-
action with the metal cation due to the cooperative binding that in-
volves both the crown ether and the electron donor-containing



Figure 2. 1H NMR spectra of free host 1 on binding with K+ at 295 K in CD3CN. (a) Free host 7. (b) 7+1 equiv of K+. (c) 7+3 equiv of K+. (d) 7+5 equiv of K+. The low field-shifted
crown ether signals are labelled (dashed lines).
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dendron moieties. On the contrary, the shifts of the benzylic pro-
tons for the second and third generation dendrimers were very
small. From these results, it can be reasoned that for the first gen-
eration dendrimers, the cation is enveloped by donor groups pres-
ent in both ring and poly(benzyl ether) dendrons, promoting
complexation and extraction, while in the cases of second and third
generation dendrimers, the dendritic wedges interfere with the
binding behaviour.

In summary, the ability of a series of new crown ether-function-
alized dendrimers to complex simple cationic guests has been
investigated by liquid-liquid extraction and 1H NMR titration
experiments. It is shown that the Fréchet-type dendritic wedges
of different generations, which are present in the studied com-
pounds, display different extraction characteristics toward alkali
metal cations. Positive and negative dendritic effects have been as-
signed to the complexation behaviour of the crown ether-function-
alized dendrimers, which are dependent on the dendrimer
generation. These findings may be helpful for the future design
of crown ether and other macrocyclic ligand-based dendrimers.
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