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Dendrimers with bulky repeat units using a
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( Received August 17, 1992)

Monodisperse dendrimers with remarkable solubility have been
obtained using a new repetitive synthetic strategy. The third generation
nanoscale dendrimer 9 having 24 functional groups already reaches

. a molecular mass of 6910 Da.

In 1978, we reported the repetitive synthesis of
noncyclic polyaza compounds, which were the first
examples of a ‘cascade-like’ synthesis of multi-
branched molecules.! In the meantime cascade macro-
molecules have received considerable attention.?
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‘In the following pioneering work Denkewalter,?

Newkome,*® Tomalia,”® Masamune® and others
used the divergent methodology (‘starburst approach’)
whereas Fréchet,'°!'2 Neenan,!®> and Shinkai'4
employed the ‘convergent-growth’ approach. Recently
Newkome'® introduced a new systematic nomenclature
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for cascade molecules due to obvious disadvantages
of current nomenclature rules for branched polymers.

We now report the divergent synthesis of a new
family of monodisperse dendritic molecules (3 to 9)
using large and bulky repeat units. They are tied
together in 2 more or less rigid way, yet the dendrimers
of all generations are still well soluble in common
organic solvents. The monomeric building blocks can
be prepared in a single step from commercially
available starting materials. These dendrimers were
designed to incorporate a balanced mixture of aryl
and alkyl groups. This is advantageous for the
characterization of the various products by 'H- and
I3C-NMR spectroscopy as well as for the solubility
in organic solvents.

Synthesis of the core, 1,3,5-tris(bromomethyl)benzene
(1), by NBS bromination® was as easily accomplished
as was the tosylation of dimethyl S-aminoisophthalate
to give building block 2.!”7 Treatment of 1 and three
equivalents of 2 in DMF with potassium carbonate,
as base, led to hexaester 3 in 81% yield.'® After
reduction of 3 with LiAlH, in THF, alcohol 4
was obtained in a moderate (49%) yield after
recrystallization.!® This is probably due to the low
solubility of 4 in THF; however, attempts to carry out
the reduction in ether failed. After transformation

K2003/DMF
80 'C/4 h
8 + 12 2 —>u>
33%

(55%) of alcohol 4 with PBr; to bromide 5,2° one
cycle of the repetitive synthetic strategy was completed.
Subsequent treatment of the hexabromide 5 with six
equivalents of 2 gave (43%) the dodecaester 6 after
chromatographic purification. Reduction of 6 to
alcohol 7 was carried out almost quantitatively,
followed by bromination in 62% yield to 8. The yield
of the second reduction increased considerably because
dodecaalcohol 7 is more soluble than hexaalcohol 4.
The dendrimer of the third generation with 24 ester
groups (9) was prepared in the same fashion (33%
yield after column chromatographic purification) but
now 12 equivalents of building block 2 were used.
All products, which were obtained as colourless
solids, were identified by elemental analysis,>! and
'H- and '*C-NMR spectroscopy.?* The change of
functional groups could be easily recognized in the
spectra. All products except 9, were confirmed by FAB
mass spectrometry. Besides the [M + H]* peak, the
[M — Ts]* peak was observed. Due to instrument
and technique limitations, the molecular ion of the
third generation ester 9 could not be detected. A
molecular weight determination of the dendritic esters
3, 6 and 9 by osmometry showed a somewhat lower
weight.?? This deviation increased with growing size
of the dendrimers. However, using a narrow-dispersity

X
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|

TN Ts
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polystyrene standard (M = 3770 Da; M,,/M,, < 1.04)
instead of benzil (M = 210 Da) for calibration, the
deviation was smaller. One of the reasons for these
lower values may be the solvent residues which are
‘captured’ in the pores of the dendrimers. Even after
drying 9 under reduced pressure for several days,
solvent molecules such as DMF and ethyl acetate
could be detected by mass spectrometry. Another
reason might be the fact that dendrimers progressively
become denser and more compact as the molecular
weight increases.>’811 A molecular weight of
6910.6 Da (as for 9) is huge for a dendrimer of the
third generation. Also the size of these new dendrimers
increase in large steps as the number of generations
increases. Thus the order of magnitude considered for
nanoscale architecture?* can be reached with a small
number of generations.

We believe that this general synthetic strategy can
be applied to higher generations, to other core units,
and to ‘functional dendrimers’ containing structural
units, thus rendering them as dyes, strong metal
complexing agents, light switches, and liquid crystals.
Further studies are currently under investigation in
our laboratory.
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