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Dendrimers could be touted as an excellent scaffold for structur-
ally mimicking globular proteins for three reasons: (i) dendrimers
are globular in shape at high molecular weights;1 (ii) the convergent
synthetic strategy allows the synthesis of these macromolecules with
excellent control in molecular weight;2 (iii) synthetic methods are
now available to introduce functionally diverse sequences in
dendrimers.3 Moreover, proteins are macromolecular frameworks
and most of the current biomimetic approaches are based on small
molecules.4 To further realize the potential of dendrimers as a
biomimetic entity, it is necessary that functional groups are
selectively directed toward the concave interior of a globular
dendrimer. Toward this goal, we have recently proposed a molecular
design that uses solvophobic driving force.5 We suggested that
placing hydrophobic and hydrophilic substituents at an orthogonal
plane containing the AB2 functionalities in the monomer unit would
afford a dendrimer with either of these amphiphilic substituents
displayed at its concave interior. A molecule that satisfies the design
criteria is represented by the biaryl monomer9. If the resulting
dendrimer is in a polar solvent, the hydrophilic substituents will
be presented at the convex surface of the dendrimer and the solvent-
incompatible hydrophobic substituents will be placed at the concave
interior and vice versa. The molecular design suggests that such a
dendrimer would behave like a micelle in polar solvents and like
an inverted micelle in apolar solvents, as schematically represented
in Figure 1. In this contribution, we report on the synthesis,
characterization, and properties of such dendrimers (1-6 in Chart
1).

We found that the use of carboxylic acid as the hydrophilic
moiety and a decyl chain as the hydrophobic moiety renders the
dendrimers soluble in both polar and apolar solvents. The target
monomer unit9 was assembled by Stille coupling as the key step,
as shown in Scheme 1. Note that the design does not require that
the peripheral units are also based on the biaryl. Therefore, the
amphiphilic functionalities are incorporated on to a 3,5-dihydroxy-
benzyl alcohol unit in the periphery. Dendrimers were obtained
using the reported procedures,6 where alkylation and the conversion
of hydroxymethyl to bromomethyl moieties are iteratively used.
Details of the synthesis of dendrimers1-6 from the monomer unit
9 are outlined in the Supporting Information. All dendrimers were
characterized by1H NMR, 13C NMR, and MALDI-ToF mass
spectrometry. The dendrimers were also analyzed using size
exclusion chromatography as an additional check for purity.

As mentioned above, if our structural hypothesis is correct, then
these dendrimers should form hydrophobic nanocontainers in polar
solvents and hydrophilic nanocontainers in apolar solvents.7 We
carried out dye encapsulation studies to investigate this possibility.

Treatment of the carboxylic acid dendrimers1-6 with 1-2 equiv
of potassium hydroxide afforded the corresponding polycarbox-
ylates, which are soluble in water. To probe the microenvironment
of the dendrimers in aqueous solution, solvatochromic and water-
insoluble Reichardt’s dye (pyridinium-N-phenoxide betaine) was
added. The color of the resultant solutions indicated that these

dendrimers are capable of sequestering hydrophobic guest molecules
within its interior. The linear absorption spectrum of these solutions
exhibited a broad peak with aλmax at about 502 nm, which
corresponds to an ET(30) value of 56.9 (comparable to the polarity
of glycerol).8 When pyrene was incorporated as the guest, the
polarity of the dendritic interior of6 was comparable to that of
ethanol. This was based onI1/I3 value in the emission spectrum of
pyrene. This polarity compares favorably with the micellar interiors
provided by small molecule surfactants such as NaLS (sodium lauryl
sulfate).9

Figure 1. Cartoon of the polar and apolar nanocontainers.

Chart 1. Structures of Amphiphilic Dendrons and Dendrimers

Scheme 1. Synthesis of the Biaryl Repeat Unit
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Using the extinction coefficient of Reichardt’s dye in glycerol,
the number of these guest molecules incorporated in the dendrimers
was estimated. There is clear generation dependence in the
capability of these dendrimers to sequester guests (Figure 2, left).
The third-generation dendrimer6 was able to encapsulate about
8.5 molecules of Reichardt’s dye. The second-generation dendrimer
5 and the third-generation monodendron3 were able to acquire
about 3.2 and 2.8 dye molecules, respectively. Note that even the
first-generation monodendron1 was able to sequester 0.6 dye
molecules in its interior, which is likely to be the result of an
aggregation.

To investigate the inverted micelle-like behavior of these macro-
molecules, we incorporated a hydrophilic dye within the dendritic
interiors in an apolar solvent. The dendrimers1-6 were all soluble
in most of the common organic solvents. We solubilized the
dendrimers in toluene and added the hydrophilic dye, proflavine.10

Proflavine is not soluble in toluene by itself in the absence of the
dendrimers. In the presence of any of the dendrimers1-6,
proflavine was solubilized in toluene (Figure 2, right). We attribute
this to the combination of the fact that the dendritic interior is polar
and the possibility of specific acid-base interaction between the
carboxylic acid units of the dendrimer and the amine units of the
guest molecule. Interestingly, the number of molecules incorporated
in the hydrophilic dendritic interiors is much smaller than those
observed with the Reichardt’s dye in a hydrophobic container. For
example, the third-generation dendrimer6 sequestered an average
of only 1.5 molecules. It is possible that the size of the nano-
container is dictated by the size and nature of the functionality that
is directed toward the interior. In toluene, the smaller and self-
complementary carboxylic acid units seem to form small containers
that acquire fewer guest molecules. While these macromolecules
are clearly capable of providing containers with polar or apolar
interiors, we have not unambiguously identified the spatial disposi-
tion of the amphiphilic functionalities within each layer of the
dendrimer. This is a subject of current investigation in our
laboratories.

It is also interesting to investigate whether these container
properties arise from unimolecular dendrimers or due to aggrega-
tion.11 We utilized dynamic light scattering (DLS) to identify the
size of the dendrimer particles in 10-4 and 10-5 M solutions, the
concentrations at which the dye studies above were carried out. At
10-5 M concentration toluene solution of the third-generation
dendrimer6 exhibited particles with an average size of about 2.8
nm, whereas a 10-4 M solution afforded particles with an average
size of about 44 nm. Note that this dendrimer exhibits the ability
to sequester dye molecules at 10-5 M concentration also. Therefore,
the DLS results suggest that dendrimer6 affords a unimolecular
hydrophilic container in toluene. Dendrimers3 and 5 exhibited

particle sizes of 4.2 and 2.3 nm, respectively, at 10-5 M concentra-
tion in toluene. This result suggests that, while the didendron5
could act as a unimolecular container, the monodendron3 seems
to afford an aggregated particle. Considering that these dendrimers
have similar molecular weights, the reason for the difference in
aggregation state is not clear at this time.

In aqueous solutions, we found that even the third-generation
dendrimer6 formed an aggregate with average particle size of 25
nm (10-4 M) or 22 nm (10-5 M). Similarly, dendrimers3 and5
afforded aggregates of about 42 and 28 nm, respectively. Note that
the particle sizes in micelle-type structures are larger for all
dendrimers compared to the inverse micelle-type assemblies
obtained in toluene. This result could be due to the difficulty in
packing the bigger decyl chains in the interior in this case, compared
to the smaller carboxylic acid functionalities in the toluene solution.
Also, it is likely that the smaller dendrimers formed aggregates to
exhibit the container properties. However, we experienced difficul-
ties in obtaining unambiguous DLS measurements with these
dendrimers.

In summary, we have shown that the amphiphilic dendrimers
reported here are capable of forming either hydrophobic or
hydrophilic nanocontainers, depending on the solvent environment.
Whether these containers are unimolecular or an aggregate seems
to depend on the size of the functionality in the interior as well as
the size of the dendrimer itself. Ultimately, we are interested in
arriving at structures where diverse functionalities could be
converged in the hydrophobic interiors of the dendrimer in water.
Such multifunctional macromolecules are the first step toward
structurally complex biomimetic assemblies.
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Figure 2. Absorption spectra of (Left) Reichardt’s dye in H2O. (Right)
Proflavine‚HCl in toluene in the presence of dendrimers 1-6 (10-4 M).
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