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ABSTRACT

Design and synthesis of a novel class of monodendrons, in which the functional units can potentially be directed toward the concave interiors
of dendrimers, are described. The key feature of the design is the placement of the amphiphilic and the AB2 functional groups in orthogonal
planes.

The concave nature of the binding sites in enzymes and
nucleic acids has long inspired chemists to design new host
materials with recognition sites at their concave face.1 The
globular architecture of dendrimers2 presents a new scaffold
for such recognition possibilities. In fact, dendrimers have
often been referred to as possible globular protein mimics.3

However, to fully realize dendritic structures as potential
biological mimics, the ability to incorporate additional
structural features is needed. Arguably, the most important
of these structural requirements is the ability to selectively
functionalize the concave interiors of these macromolecules,
i.e., selectively direct functional groups toward the interior
of the globular dendrimer. The difficulty in meeting this
structural requisite arises from the flexible nature of the
backbone in a globular dendrimer. In molecules with flexible
backbone, attaining conformational control over the orienta-
tion of the functional groups is nontrivial. A promising
approach to achieving such control involves rendering these
macromolecules amphiphilic. The amphiphilicity and globu-
lar shape of dendrimers have been combined previously, and
they have been shown to exhibit useful properties.4 In these
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cases, however, since the amphiphilicity is the result of the
difference in hydrophilicity between the macromolecular
backbone and the peripheral moieties, the functional groups
are not necessarily directed toward the interior of the globular
macromolecules (cartoonA, Figure 1).

Herein, we present a novel design that potentially directs
functional groups selectively into the concave interior of the
dendrimer. In this design, the dendrimers are uniformly
amphiphilic over the entire globular surface, i.e., when the
convex face of the dendrimer is hydrophilic, the concave
face will be hydrophobic and vice versa. A two-dimensional
schematic representation is shown by the structuresB in
Figure 1. The nature of the functional group directed toward
the concave interior of the dendrimer will be driven by
solvophobic interactions. In this design, the inherent flex-
ibility of the dendritic backbone can be expected to yield
two solvent-dependent conformations (B1 andB2). In polar
media, the hydrophilic moieties would be on the convex face
due to favorable surface contacts with the solvent. Because
of the facial amphiphilicity of the dendrimer, the hydrophobic
moieties would be directed toward the concave face (con-
formationB1). Similarly, conformationB2 should result in a
nonpolar media. Such macromolecular architectures are
reminiscent of the class of small molecules that have been
named facial amphiphiles.5

Our design involves a monomer unit that has the AB2

functional groups for the dendrimer growth and the am-

phiphilic functional groups in orthogonal planes (see Figure
2). Also, the hydrophobic and hydrophilic components are

placed on opposite sides of the plane containing the AB2

moieties. Such relative placement of the functional groups
dictates that the amphiphilic moieties are in a plane
perpendicular to that of the macromolecular backbone upon
assembly of the dendrimer. The geometric arrangement of
the dendrimer also dictates that the hydrophobic and the
hydrophilic functionalities are in opposite faces of the
globular dendrimer, and thus structuresB should result. A
monomer unit that satisfies these structural requirements is
represented by the biphenyl molecule1 in Figure 2, in which
the hydrophilic unit is a triethylene glycol monomethyl ether
(TEG) moiety and the hydrophobic unit is ann-butyl group.
The AB2 functionalities are the two phenolic and one
hydroxymethyl groups in1. The key feature in the relative
placement of these functionalities is thepara connectivity
between the biphenyl linkage and the hydroxymethyl sub-
stituent. Because of this structural motif, the relative
geometry of the two phenolic groups and the hydroxymethyl
moiety in1 is similar to that of 3,5-dihydroxybenzyl alcohol
(the classical Fréchet-type monomer6), and this geometry is
independent of the extent of the atropisomeric twist between
the aryl groups. Therefore, the globular features observed
with Fréchet’s benzyl ether dendrimers are also anticipated
in the current design. It also should be noted that the twist
between the two aryl rings would dictate then-butyl and
the TEG moieties to be in a plane perpendicular to the
dihydroxybenzyl alcohol plane (Figure 2).7 Since these
functionalities are at theortho positions to the biphenyl
linkage, they are situated at the opposite faces of the
dihydroxybenzyl alcohol plane. These features will render
the dendrimers facially amphiphilic.

The key step in the synthesis of the target monomer1 is
making the biaryl bond. Since it has been shown that Suzuki
coupling affords reasonably good yields in the syntheses of
hindered biaryls,8 this was the reaction of choice for the
synthesis of1. Thus, the biaryl compound1 was synthesized
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Figure 1. Schematic representation of amphiphilic dendrimers.
A: amphiphilic dendrimers with peripheral functionalities (previ-
ously reported in the literature).B1: the facially amphiphilic
dendrimers in a polar media.B2: the facially amphiphilic den-
drimers in a nonpolar media.

Figure 2. Representation of the monomer unit with AB2 units and
amphiphilic units in orthogonal planes.
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using palladium-catalyzed coupling of aryl boronic acid2
with bromoarene3 in DME in the presence of potassium
phosphate to afford the corresponding biphenyl compound
in 45% yield.9 This product’s ester moiety was reduced, and
the TBS groups were deprotected to afford product1
(Scheme 1).

Compounds2 and 3 were synthesized from 3,5-dihy-
droxybenzoic acid and 4-bromo-3,5-dihydroxybenzoic acid,
respectively, as shown in Scheme 1. The hydroxy groups of
3,5-dihydroxybenzoic acid were protected with TBS groups.
The resulting ester was treated with 1 equiv of thionyl
chloride in the presence of a catalytic amount of Me3N‚HCl
to afford the corresponding acid chloride, which was then
converted to a bromide moiety using a literature procedure.10

Product3 was synthesized from 4-bromo-3,5-dihydroxyben-

zoic acid by converting the acid to an ester, followed by
sequential alkylations of the phenolic groups.

Note that any biphenyl twist in the peripheral monomer
units will not serve the purpose of directing functionality.
The orientation of the peripheral moieties has to arise solely
from solvophobic interactions. Therefore, compound4 with
the hydrophobicn-butyl group and a hydrophilic TEG group
was synthesized as the peripheral monomer.11 Treatment of
4 with 1 in the presence of potassium carbonate and 18-
crown-6 afforded the 3-mer monodendron5 in 72% yield.
The hydroxymethyl group at the focal point of5 was
converted to a bromomethyl moiety using triphenylphosphine
and carbon tetrabromide. These two steps were repeated to
obtain the monodendrons6-8 as shown in Scheme 1.6,11

The assembled dendritic structures were characterized by
NMR and matrix-assisted laser-desorption time-of-flight
(MALDI-ToF) mass spectrometry. The NMR spectra of all
the dendritic structures were consistent with the structures
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Scheme 1. Synthesis of the Monodendronsa

a (a) TBS-Cl, imidazole, DMF, 81%; (b) SOCl2, catalytic Me3N‚HCl; (c) catalytic AIBN, 2-mercaptopyridine-N-oxide sodium salt, CBrCl3,
62%; (d) (i) t-BuLi, (ii) B(OMe)3, (iii) aqueous NH4Cl; (e) catalytic H2SO4, EtOH, 95%; (f) K2CO3, 18-crown-6, acetone, Bu-I (0.8
equiv), 46%; (g) K2CO3, 18-crown-6, acetone, TEG-OTs, 92%; (h) catalytic Pd(PPh3)4, K3PO4, DME, reflux, 45%; (i) LiBH4, THF, 88%;
(j) TBAF, THF, 91%; (k) K2CO3 1, 18-crown-6, THF; (l) Ph3P, CBr4 (5 72% from4; 6 61% from5; 7 21% from6; 8 39% from7).
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shown. The1H NMR shift of the methylene group of the
hydroxymethyl focal point was a useful tool in the charac-
terizations. The chemical shift of this group was consistently
around 4.6 ppm, whereas the other methylene groups of
benzyl ethers appeared around 5.0 ppm. The relative integra-
tion between these two areas was a useful diagnostic tool
for characterizing the generation of the dendrons. Also, the
chemical shift of the methylene group at the focal point
changed to 4.4 ppm upon conversion of the hydroxymethyl
group to the bromomethyl moiety. The possibility of alky-
lating just one of the two phenolic groups in1 creates
difficulties in unambiguously assigning the structures of these
dendrons by NMR, because the differences in relative
integration of the1H NMR peaks between this possibility
and the expected monodendrons are small. However, MALDI-
ToF mass spectra confirmed the structures of6-8, with no
peaks for the corresponding monosubstituted dendrons [6 m/z
) 2635.8 (M+ Na+ calcd for C144H210O42 2636.2);7 m/z)
5662.4 (M+ Na+ calcd for C312H450O90 5662.9);8 m/z )
11 695.0 (M+ calcd for C648H930O186 11696.2)]. The purity
of these dendrons was also analyzed using gel permeation
chromatography, and we found single peak for each of the
monodendrons.

In summary, we have designed and synthesized am-
phiphilic dendrons in which each repeating unit has hydro-
phobic and hydrophilic functionalities. By exploiting the
atropisomeric structural motif presented by biphenyls, these

amphiphilic groups are putatively placed at the opposing
sides of the plane of the dendritic growth. Thus, these
custom-designed dendrons should have either the hydropho-
bic or the hydrophilic functional groups selectively directed
toward the concave interiors of the dendrimer, depending
on the polarity of the solvent. While this relative placement
of functionalities is reasonable from a solvophobic standpoint
and from the fact that nature provides examples in the form
of amphiphilic globular proteins,12 the supramolecular place-
ment of these moieties needs to be confirmed. Experiments
to investigate these structural details are currently underway
in our laboratories.
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