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This paper describes a novel methodology on macro-
molecular design of block-type dendrimers having a
well-defined structure by a divergent/convergent joint
approach. The key to block structures is a new method
of postremovable half-protection of an initiator core.
A Sugar Ball1 family of amphiphilic AB-type surface-
block dendrimers was synthesized by using hemi-
spherical building blocks with protected focal function-
ality.
Block copolymers are, needless to say, one of the most

important categories of macromolecules in a variety of
aspects such as polymer synthesis, physical property,
and applications as functional materials.2 Although a
number of studies related to dendrimers have ap-
peared,3 few articles on block-type dendrimers have
been reported until now.3,4 The synthetic procedure of
block dendrimers has been almost limited in the con-
vergent method.5 Considering future development of
dendrimer-based smart materials, versatile block den-
drimer architecture should have significant meaning.
Therefore, in this study, we offer the following meth-
odology to elaborate a surface-block dendrimer. Gener-
ally, the method is represented as the sequence (a)
hemispherical block construction by a divergent-growth
procedure with a half-protected initiator core, (b) dual
chemical modification of terminal functional groups, (c)
deprotection of center cores, and (d) coupling of two
hemispherical blocks at their reactive cores in a con-
vergent way.
This divergent/convergent joint approach was actually

performed in order to create Sugar Ball derivatives
having a surface-block structure. We have recently
reported the synthesis of globular artificial glycoconju-
gate Sugar Balls under a new concept of space regula-
tion of sugar residues,1 which possess molecular infor-
mation and cell recognition function.6 The molecular
recognition ability of Sugar Balls has been successfully
demonstrated. In the present AB-type block dendrimer
design, one block is used as a cell recognition marker,
while the other block will be utilized for additional
applications.
A novel carbohydrate-based AB-type surface-block

dendrimer 9 having an amphiphilic structure was
synthesized according to Scheme 1. The surface of the
A-block is covered with a sugar layer with hydrophilic
property. This block is regarded as a model compound

of natural multiantennary oligosaccharides. The sur-
face sector of the B-block provides a hydrophobic part.
As a half-protected initiator core, N-benzyloxycarbon-
yl(Z)-protected ethylenediamine 1 was employed.7 core-
Z-protected poly(amido amine) (PAMAM) dendrimer-
(generation 2.0) 2 was prepared by repeated Michael
addition and amide formation reactions according to the
literature3a,8 (for a description of core and surface (vide
infra), see ref 9). 2 was divided into two portions. One
of the advantages of the present method is that both A
and B blocks can be derived from a single hemispherical
building block. Hydrophilic surface-sugar-substituted
PAMAM dendrimer 4 was synthesized by the reaction
of surface-amino groups of 2 with a 38-fold molar excess
O-R-D-glucopyranosyl-(1f4)-D-glucono-1,5-lactone (mal-
tono lactone, 3) in dimethyl sulfoxide at 45 °C for 20 h
under a nitrogen atmosphere.10 Hydrophobic surface-
phthaloyl block 5 was derived from 2 and phthalic
anhydride (50-fold molar excess, in dimethyl sulfoxide
at 100 °C for 30 min. Yield, 98%).11 core-Z-protecting
groups of 4 and 5 were selectively removed by hydro-
genolysis to produce dendritic fragments with a func-
tional core, 6 and 7, respectively.12 core-Amino hydro-
phobic block 7 was treated with trichloromethyl
chloroformate (TCF) to give 8 having a reactive core of
acid chloride.13 The equimolar reaction between core-
amino block 6 and core-acid chloride-type 8 was under-
taken in dimethyl sulfoxide at 45 °C under a dry
condition. The progress of the reaction was followed by
1H NMR spectroscopy. AB-type surface-block den-
drimer 9 was obtained in 45% yield after purification
by preparative size exclusion chromatography (SEC) in
dimethyl sulfoxide and a subsequent reprecipitation
procedure.14

In order to check molecular recognition potential of
surface-sugar-substituted dendritic fragments, the in-
teraction between 4 and concanavalin A lectin was
examined by a UV/vis spectrophotometer.1a,15 The
sugar-bearing hemispherical block of generation 2.0
showed apparent recognition ability toward the protein
receptor. This fact suggests that polymers with hemi-
spherical blocks derived from 4 have a capability as cell-
recognizable biomedical materials.
Dendritic blocks 6-8 are important as building syn-

thons carrying a reactive center core in various den-
drimer-based macromolecular designs such as segment-
block dendrimers4a and block copolymers between
dendrimers and linear polymers.16 In other words, the
half-protected initiator core method should be essential
in research and development of sophisticated dendritic
functional materials, e.g., adhesives, surfactants, and
drug delivery systems. For example, 1will be applicable
to a polyamine dendrimer that has been used for a
Dendritic Box.17 Including further extension of the
partly protected initiator system, the present architec-
tural principle of AB-type surface-block dendrimer
provides numerous applications such as supramolecular
self-assembling globular amphiphiles and intelligent
nanocapsules having dual binding surface sectors to
proteins and DNAs.
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Symp. 1994, 77, 11. (b) Hawker, C. J.; Fréchet, J. M. J.
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