JIAIC[S

COMMUNICATIONS

Published on Web 06/14/2003

Rapid Synthesis of Polyamide Dendrimers from Unprotected AB 2> Building
Blocks

Masaki Okazaki, Isao Washio, Yuji Shibasaki, and Mitsuru Ueda*

Department of Organic and Polymeric Materials, Graduate School of Science and Engineering,
Tokyo Institute of Technology, 2-12-1, O-okayama, Meguro-ku, Tokyo 152-8552, Japan

Received February 14, 2003; E-mail: mueda@polymer.titech.ac.jp

Dendrimers are well-defined, highly branched, three-dimensional Scheme 1
molecules with a large number of reactive end groups. Thus, they DBOP :
are receiving interest as new polymeric materials for applications o Q
in areas such as molecular light harvestingatalysts. liquid <Q0>P—N o
crystals® molecular encapsulatichand drug-delivery systents. 2 I

The synthesis of dendrimers via a divergemtconvergeritroute TEA, DBOP
involves reiterative growth strategies that require a tedious multistep WCOOH P Ah m
procedure with a repetitive protectiedeprotection and purification ’
processes in each generation. Several methods to shorten these
syntheses have been repofteshd include double stage, double

HZNO
exponential growth, hypermonomer, and orthogonal coupling Q—LOH
N -

i

0=0

o=

strategies. However, these approaches still require multiple steps
to obtain high-generation dendrimers.

o
Rannard et al. recently reported a one-pot multiple-addition %—QH-N{ )—0
y rep P b Dendron (1) H : o

o
o
o
1

(2]

convergent synthesis of polycarbonate dendrimers, in which the

OH
second-generation dendrimer was obtained by sequential activation 1h
g y seq %—( }c—NOo
H
2

of an alcohol unit with 1,1-carbonyl diimidazole and anABol.°2 s

In a similar manner, they reported a rapid synthesis of polyamide
dendrimers from two kinds of building blocks, dialkylenetriamines
and succinic anhydride; however, this method has not been applied

to the AB, monomer®? Scheme 2
Although various synthetic methods have been developed to _l?_HNOO

prepare dendrimers containing amide functions, they have problems _’ff_oﬂ TEA, DBOP Dendron (1) : 0 on

such as poor yield and tedious multisynthetic st€@ssimple and NMP o

convenient synthetic method for polyamide dendrimers has not yet _"’”"Q°

been reported. G1 dendron(3)
We have developed a one-pot synthesis of dendritic polyamides tea, bsop 1

by a divergent methotk This procedure involves activation of end NMP G2 Dendron(4)

carboxyl groups with a condensing agent, diphenyl (2,3-dihydro- _Icl)_HN_Q_o

2-thioxo-3-benzoxazolyl)phosphonate (DBGPjollowed by con- o Qﬁm@o

densation of the active amide with the aminodicarboxylic acid 5-[3- —an- -0 on o

(4-aminophenyl)propionylaminolisophthalic acid hydrochloride as —‘c‘)-HN—@-O o

an AB, monomer. The resulting dendritic polymers had a high TEA, DBOP ; JoLHN{}(QJLN{}O o

degree of branching (91%) and a narrow molecular weight ° OH

distribution (<1.1) ¢ These findings prompted us to develop a rapid NP _"”“Ob_gm o

synthesis of polyamide dendrimers from unprotected dendrons 2un-{ )0 o

without repetitive protectiordeprotection procedures. —('l)HN—@—o BQ—ANHQo
Here, we present a successful rapid synthesis of a perfectly o QiN T

branched third-generation polyamide dendrim@r ftom unpro- A

tected 3,5-bis(4-aminophenoxy)benzoic adifggs an AB building G3 Dendron (5)
block by a convergent method using DBOP.

An AB; building block should contain one carboxyl and two of 1. The reaction ofert-butylbenzoic acid witH was performed
amino groups to achieve a convergent polyamide dendrimer to determine the optimum molar ratio of DBOP to a carboxylic
synthesis using DBOP. Thus we selecteas a dendrof Coupling acid in the presence of triethylamine (TEA) in 1-methyl-2-
reactions for the synthesis of dendrons were conducted by a two-pyrrolidinone (NMP) at room temperature (Scheme 1). The reaction
step method consisting of (1) activation of a carboxylic acid by of 1.01 equiv of DBOP witHl yielded compoun@ in quantitative
DBOP, i.e., generation of an active amide and (2) condensation of yield.
this active amide withl. The molar ratio of DBOP to carboxyl The synthetic route of the third-generation dendron is shown in
group was very important for the quantitative formation of the active Scheme 2. Dendroh reacted with acetic acid as the terminal unit
amide and prevention of side reactions such as self-condensationin the presence of DBOP and TEA to yield G1 dendBrBoth
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dimethylformamide and the resulting solution was reprecipitated
with a mixture of THF and methanol. Dendrimémwas obtained

in 99% yield. IR, NMR, and MALDI-TOF MS measurements were
used to characterizé. Figure 1 shows the MALDI-TOF MS
spectrum of G3 polyamide dendrimes) (5354.3, [M+ NaJ*").

Our novel method for the synthesis of dendrimers involves
several advantages over the conventional ones. First, protection and
de-protection steps are not required for the synthesis of each
generation dendron. Second, this new route is rapid and able to
produce dendrons each generation that are easily purified by simple
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Figure 1. MALDI TOF MS spectrum of G3 dendrime).
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G3 Dendrimer (6)

activation and condensation reactions were conducted in NMP for
1 h. The reaction mixture was diluted with methanol and poured
into water, producing in 90% yield. The structure o8 was
confirmed by IR and NMR spectroscopy. The IR spectrun8of
showed strong carbonyl peaks at 1697 and 1658'cdue to
carboxyl and amide groups, respectively. All signals intH&MR
spectrum of3 were clearly assigned to each proton3of

G2 (4) and G3 b) dendrons also were prepared by the same
coupling method. The activation time of the carboxylic acid and
the time for condensation were 1.5 and 2 h, respectively. Each
dendron was purified simply by reprecipitation to remove the earlier
generation of the dendron. Both dendrons were isolated in 90%
yield and characterized by IR, NMR, and MALDI-TOF MS
spectroscopy. The MALDI-TOF MS spectra 4fand 5 showed
the expected peaks at 1142.1 and 2606.2<[Ma]"), respectively.
These findings clearly indicated the formation of the desired
dendrons.

A dumbbell-shaped dendrimes, was synthesized frord and
4,4-oxydianiline (Scheme 3). The reaction 6fand 4,4-oxydi-
aniline was performed in one step in the presence of DBOP (1.2
equiv for the carboxyl group) and TEA f@ h and the solution

solvent extraction and reprecipitation.

In summary, a rapid synthesis of aromatic polyamide dendrimers
has been demonstrated by a convergent method, which consists of
direct condensation of carboxylic acid and unprotected BBlding
block using DBOP in NMP. Reactions of each generation proceeded
smoothly and chemoselectively to produce product in high yields.
The MALDI-TOF MS spectra supported the formation of dendrons
and dendrimer. This methodology allows the large-scale and rapid
synthesis of dendrimers.
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