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ABSTRACT

Five new highly functionalized cyclobutane containing C3-symmetric peptide dendrimers have been synthesized through a convergent approach
from 1,3,5-trisubstituted benzene and chiral γ,ε-amino diacid derivatives as well as a γ-tetrapeptide. The first example of the synthesis of
N-centered amides by using 1,3,5-triaminobenzene and a carboxylic acid is reported.

C3-Symmetric benzene-cored molecules are useful com-
pounds with very different applications. Of special interest
are those linked to the core through a urea, C-amide, or
N-amide group. They have been described as good nucleation
agents for polymers,1 as new materials,2 and especially as
organogelators,3 some of them with conducting4 or photo-
responsive properties,5 and as ligands for metals.6 Some also
have interesting biological applications.6a,7 Nevertheless,
there are very scarce examples of benzene-cored dendrimers
containing a peptide nature in their dendron structure.2d,3c,7b,8

In our laboratory, according to a research program on the
synthesis, structural study, and applications of cyclobutane

amino acids and oligomer derivatives,9 we have prepared
cyclobutane γ-amino acids and different γ-oligomers.10

In this paper, we describe new branched polyfunctional
benzene-cored C3-symmetric dendrimers that have been
synthesized through a convergent approach. This synthetic
strategy, which consists of the attachment of presynthesized
dendrons to the core, leads to dendrimers of monodisperse
molecular weight which are easy to purify. These dendrimers
are highly functionalized and orthogonally protected, which
could allow us to elongate their structures selectively. The
different possible combinations of deprotected monomers and
functionalized benzene cores have led to urea (1, 2),
N-centered amide (3), and C-centered amide derivatives (4,
5) (Figure 1). It is worth mentioning that there are not as
many examples of N-centered benzene triamides in the
literature as there are of C-centered ones.

1,3,5-Trisubstituted benzenes were used as cores. Com-
mercially available 1,3,5-benzenetricarboxylic acid (trimesic
acid) and 1,3,5-benzenetricarbonyl trichloride were directly
used in some cases, whereas 1,3,5-benzenetriisocyanate was
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Zhang, X.; Smith, P.; Altstädt, V.; Sessler, G. M.; Schmidt, H.-W. Polymer
2007, 48, 1612. (c) Blomenhofer, M.; Ganzleben, S.; Hanft, D.; Schmidt,
H.-W. Macromolecules 2005, 38, 3688.

ORGANIC
LETTERS

2010
Vol. 12, No. 14

3148-3151

10.1021/ol1010664  2010 American Chemical Society
Published on Web 06/14/2010



prepared from the same acid after activation as a mixed
anhydride. 1,3,5-Triaminobenzene was synthesized by hy-
drogenation of 3,5-dinitroaniline as previously reported.11

For the synthesis of dendrons, we used optically pure
polyfunctional orthogonally protected cyclobutane γ-amino
ester 610a and some convenient derivatives, as well as
tetrapeptide 16 (Schemes 1 and 2). All of the dendrons
deriving from 6 contain a cyclobutane ring which confers
rigidity and provides functional groups that can be selectively
manipulated. The dendron deriving from tetrapeptide 16 is
based on a cyclobutane and three pending γ-aminobutyric
acid (GABA) segments that tune up the flexibility to the
molecule. This dendron is also interesting because it is known
that oligomers derived from γ- amino acids tend to adopt
defined structures.12 Moreover, in our laboratory, we have
observed that the presence of GABA-derived residues in
related structures, such as ureas and peptides, makes it easier
for this kind of molecule to gelify.

Monomers derived from amino ester 6 were prepared
starting from (-)-verbenone according to Scheme 1. After
amine protection, ketal removal, and Lieben degradation, it
was derived into acid 7. Methylation of the acid with methyl
iodide and cesium carbonate followed by hydrogenolysis of
the benzyl carbamate led to amine 9.

Triurea 1 was synthesized from freshly prepared 1,3,5-
benzenetriisocyanate and aminoester 6 in anhydrous toluene

at room temperature overnight (80% yield). Triurea 1
contains a ketal-protected methyl ketone and a tert-butyl ester
as side groups that can be selectively deprotected for further
functionalization. We were interested in testing whether it
was possible to manipulate triurea 1 to synthesize triurea 2.
Deprotection of the methyl ketones worked satisfactorily,
but attempts to convert it to the triacid through a Lieben
degradation were unsuccessful. Transformations on the
dendron amino ester 6 to prepare amine 9, which could be

Scheme 1. Synthesis of Monomers 6 and 9

Figure 1. Target dendrimers and retrosynthetic analysis.
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then coupled to 1,3,5-benzenetriisocyanate, proved to be a
much better strategy to obtain triurea 2 (70% yield).

The same amine 9 was used to prepare C-centered amide
4 by reaction with 1,3,5-benzenetricarbonyl trichloride in the
presence of triethylamine in dichloromethane for 21 h at
room temperature. In this way, 4 was obtained in 58% yield.
This molecule contains methyl ester and tert-butyl ester
protecting groups, which can also be selectively removed if
desired.

As an example of a third type of dendrimer, N-centered
triamide 3 was synthesized starting from acid 7. Previous
model reactions carried out in our laboratory had shown that
1,3,5-triaminobenzene reacts better with a carboxylic acid
in the presence of a coupling agent than in the presence of
an isocyanate. This fact led us to use acid 7 in this reaction
with 1,3,5-triaminobenzene in the presence of HATU as
coupling agent and DIPEA in anhydrous acetonitrile. After
reflux for 48 h, triamide 3 was obtained in a moderate yield
(28%), probably due to the intrinsic instability of the 1,3,5-
triaminobenzene. This product contains three orthogonally
protected γ-amino acids and is very attractive for further
transformations. This convergent approach to triamide 3 is
the first example in the synthesis of N-centered amides
starting from a carboxylic acid and 1,3,5-triaminobenzene.

A larger and longer branched C-centered triamide, 5, was
prepared from tetrapeptide 16 using some other coupling

conditions due to the low stability of 1,3,5-benzenetricarbonyl
trichloride (Scheme 2). In this case, 1,3,5-benzenetricar-
boxylic acid was used as starting material and PyBOP as
coupling agent in the presence of DIPEA in anhydrous DMF.
After 2 h at room temperature, triamide 5 was obtained in
75% yield in high purity.

In turn, the synthesis of tetrapeptide 16 was accomplished
starting from amino ester 6. Coupling of the latter with
4-(benzyloxycarbonylamino)butanoic acid (Cbz-GABA)13

under standard conditions (HOBt, EDAC) afforded γ-dipep-
tide 10 in 70% yield. Deprotection of the methyl ketone
under mild conditions (PPTS, acetone) afforded 11 in a
nearly quantitative yield and without epimerization. Lieben
degradation furnished acid 12 in 96% yield. Tripeptide 13
was obtained in 94% yield by reacting 12 with methyl
4-aminobutanoate (GABA-OMe)14 using PyBOP as a cou-
pling agent.

The third GABA residue was incorporated after quantita-
tive deprotection of the tert-butyl ester using trifluoroacetic
acid and triethylsilane and subsequent coupling with tert-
butyl 4-aminobutanoate (GABA-OtBu)15 furnishing tetrapep-
tide 15 in 90% yield.

Product 15 is very interesting due to its orthogonal
protection, which could allow synthesis of varied products
by peptide elongation through selective deprotection of its
functional groups. Moreover, we realized that self-assembling

Scheme 2. Synthesis of Tetrapeptide 16
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properties of these types of compounds are influenced by
the nature of the protecting groups.16 Thus, benzyl carbamate
exchange in 15 for tert-butyl carbamate led quantitatively
to tetrapeptide 17 by hydrogenation with Pd/C in MeOH in
the presence of di-tert-butyl dicarbonate. Tetrapeptide 17
gelified readily (12 mM) in chloroform, whereas 15 did not.

Finally, hydrogenolysis of benzyl carbamate under standard
conditions (H2, Pd/C, MeOH) led to tetrapeptide 16 in 78%
yield.

In summary, we have presented a very versatile synthesis
of highly functionalized enantiopure peptide dendrimers with
C3-symmetry. The influence of the nature and length of the
spacer from the aromatic core and the cyclobutane ring on
the properties of these compounds is currently under study.
The understanding of these factors and the possibility of
further elongation and functionalization of these dendrimers
should allow us to establish a rational synthetic design of
unique molecules for future applications in the field of new
chiral materials.
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J. D.; Amabilino, D. B.; Avarvari, N. J. Mater. Chem. 2009, 19, 4495.

(5) Zhou, Y.; Xu, M.; Yi, T.; Xiao, S.; Zhou, Z.; Li, F.; Huang, C.
Langmuir 2007, 23, 202.

(6) (a) Jia, T.; Zhao, Y.; Xing, F.; Shao, M.; Zhu, S.; Li, M. J. Mol.
Struct. 2009, 920, 18. (b) Birkmann, B.; Fröhlich, R.; Hahn, F. E.
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