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A nanoscaled molecular rod consisting of a novel heterocyclic system of seven annulated heterocycles
was obtained in a straight forward way. It served as a scaffold for eight functionalized 1,2,3-triazoles
established by multiple alkyne–azide click reaction affording nanoobjects which are surrounded by car-
bohydrate shells.
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Nanoscaled molecular rods have gained wide interest during of the amino group and the resulting amide 1 was further dehy-

the last two decades.1–3 In such scaffolds a number of stiff building
blocks are connected to each other by one or two bonds. The
majority of such structures comprise p-systems such as arenes,
heteroaromatics, alkynes, and alkenes connected to each other by
one bond thus giving larger linear products of extended p-conjuga-
tion. Similarly, also saturated cyclic building blocks can be ar-
ranged forming nanorods.4 When spiro connection is used for the
formation of nanorods two bonds starting from the same atom
fix the building blocks together.1,5 Connection of nanorod building
blocks by two bonds is also possible in a ladder-like arrangement
such as in [n]acenes, where the connecting bonds are found at
adjacent atoms.1 We disclose here a novel nanosized rod shaped
system 5 consisting of seven annulated heterocycles. Because of
the presence of several functional groups, this system has a po-
tency to act as a scaffold for tethering up to eight functions to it.
They can also be expected to serve as cores for dendrimer forma-
tion by covalent bonds.

We recently found a straight forward access to tetrahydropyri-
dothienopyrimidines by constructing a pyrimidine ring starting
from a piperidine-annulated 2-aminothiophene-3-carboxamide
system6 which itself was obtained by Gewald reaction.7,8 Reaction
of this system with chloroacetyl chloride led to chloroacetylation
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drated by catalysis with p-toluenesulfonic acid in refluxing toluene
to the pyrimidone 2 (Scheme 1).6 Later on, we tried to achieve sim-
ilar cyclization under basic conditions by sodium ethoxide result-
ing in the formation of the pyrimidone ring with additional
replacement of chloride by ethoxide giving the ethyl ether 3.6 In
order to maintain the chloride for other substitution reactions we
treated the chloroacetamide 1 with just one equivalent of sodium
ethoxide. Remarkably, the heptacyclic annulated system 4 was ob-
tained by forming a piperazine ring. This result can be rationalized
by base-catalyzed formation of the chloromethylpyrimidone 2
which later on reacts with a second molecule of 2 to form a pyra-
zine ring as a linker of the two parent heterocyclic precursors.
Indeed, treatment of 2 with traces of sodium ethoxide gives also
the heptacyclic system 4. The heptacyclic core of 4 represents a
novel annulated heterocyclic system with the systematic name of
pyrido[40,30:4,5]thieno[2,3-d]pyrido[4000,3000:400,500]thieno [200,300:40,50]
pyrimido[10,20:4,5]pyrazino[1,2-a]pyrimidine. In this context it is
worth mentioning that pyrazines are also found in naturally occur-
ring pharmacologically active cephalostatins wherein fused carbo-
cyclic rings are linked together by this heterocycle.9 On the other
hand, even the bispyrimidopyrazine substructure of 4 is very rare
in the heterocyclic literature.10

Since the synthesis of the heterocyclic system 4 is straight for-
ward and also allows to prepare larger quantities further synthetic
applications were envisaged, for example, to use this system as a
molecular scaffold for various functions. For such applications
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Scheme 1. Synthesis of carbohydrate-heterocycle conjugates 8.
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reactive nucleophilic sites are available at the N-atoms of the
pyrimidine and/or the CH-positions of the pyrazine rings. One
could further think of increasing the number of nucleophilic teth-
ering sites at the heptacyclic system 4 by N-deprotecting of the
tetrahydropyridine moieties (Scheme 1). This turned out to be dif-
ficult with the ethyl carbamate 4a (Alk = Et) whereof only mixtures
of products were obtained under basic conditions containing the
expected product 5 together with the starting material and the
monodeprotected derivative. On the other hand, acid treatment
(diluted HCl or TFA) of the Boc-protected heptacycle 4b (Alk = t-
Bu) provided high yields of the envisaged product 5. According to
MM2-calculations this heptacyclic system 5 exceeds 1.5 nm in its
largest extension. In order to enable tethering of functionalities
by Cu-catalyzed alkyne–azide cycloaddition propargyl functions
were introduced into 5. The eightfold propargylated dicationic
ammonium salt 6 was obtained by reaction with propargyl
bromide in the presence of sodium hydride in a sealed tube. The
placement of the eight propargyl groups in the highly symmetric
structure 6 is confirmed by the NMR spectra wherein three types
of propargyl signals are found in a ratio of 2:2:4.11 With the alkyne
6 in hand we pursued linking monosaccharides as first examples of
biomolecules to the heptacyclic core system by Cu-catalyzed cyclo-
addition with azides 7 to obtain octaglycosyl products 8
(Scheme 1). Excess of azides 7 was used and reaction times had
to be sufficiently long (9–11 days) to omit isolation of mixtures
of 8 and intermediates wherein not all propargyl groups of 6 had
been transformed into 1,2,3-triazoles. The possibility of splitting
off the acetyl groups from products 8 to deliberate the free OH
groups of the sugar units was checked with the galactose deriva-
tive 8b. Treatment with catalytic amounts of sodium methoxide
in methanol at room temperature gave rise to the formation of
the envisaged product 8c in excellent yield.12 Products 8 appeared



Figure 1. AFM-image of 8c on glass (sample obtained from aqueous solution).
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as colorless solids and were characterized by HPLC–HRMS and
NMR spectroscopy. MM2 geometry-optimized structure of the
octagalactosyl product 8c revealed a flat rod-like structure (not
shown), which ranges over approximately 3 nm in its largest
extension. Its rim is almost entirely covered by the carbohydrate
moieties. As compared with a recently published ‘hard-core sugar
ball’ also consisting of a heterocyclic core and sugar molecules at
the periphery our compounds exceed those structures by the num-
ber of sugar molecules considerably.13 First AFM-investigations re-
vealed that the octagalactose derivative 8c forms interesting
supramolecular structures resembling dendritic patterns on glass
surfaces obviously by diffusion-controlled growth (Fig. 1). As can
be seen in the profile these structures are not flat but three-dimen-
sional reaching a maximum height of about 30 nm in the investi-
gated region.

In summary, a novel nanorod-like heptacyclic condensed het-
erocyclic system 5 could be synthesized in a straight forward man-
ner. This core could be equipped with eight tethering sites by
propargylation having the potential to attach eight functions by
Meldal–Sharpless click reaction. This potential was demonstrated
as first example by tethering eight carbohydrate units to give novel
monosaccharide conjugates 8. Our ongoing activities are focused
on the investigation of the properties of the new compounds 8,
such as the ability to capture ions or other polar species or to inter-
act with surfaces. We further prove the possibility of linking other
functions, for example, catalytic moieties or peptides to the hepta-
cyclic heterocyclic scaffold 4 or 5. In addition, the possibility to use
the heptacyclic heterocyclic molecular rod 5 as cores for dendri-
mers by introducing oligofunctional moieties or to apply them as
repeating units in the establishment of nanorods of extended sizes
by reaction with suitable bifunctional electrophiles is under
investigation.
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