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Novel two pseudo-decahedral hydrogen-bond networks
with different topology are constructed with triphenylmethylam-
monium phosphonates. Phosphonate anions show four different
hydrogen-bond manners, which lead to the topological diversity.

Supramolecular clusters based on organic compounds have
attracted much attention for future materials because of their
nano-order scale and uniform size.1,2 On these clusters, topolog-
ical issue is often attendant and has been well discussed with
covalent-bonded networks such as catenanes and knots for the
further development of molecular informatics.1

We also focused on the topology of hydrogen-bond net-
work.3 Here, we demonstrate that the multiplicity and usefulness
of the phosphonate anions for the design of topological diversity
by means of the design and construction of two novel pseudo-
decahedrons consisting of hydrogen-bond networks (Figures 1a
and 1b). Since each pseudo-decahedron consists of two quadran-
gles and eight triangles, they are topological isomers of square
antiprism (Figure 1c). Up to now, some kinds of discrete hydro-
gen-bond networks, such as pseudo-tetrahedron,4 pseudo-hexa-
hedron,3,5–9 and pseudo-octahedron,10 have been reported with
organic components, but we have never seen such asymmetric
pseudo-decahedrons.

We designed the pseudo-decahedral networks by the exten-
sion of conventional [4þ 4]-type clusters. To date, we and other
research groups have reported the [4þ 4] ion pair clusters con-
sisting of organic ammonium with chloride,5 carboxylate,3,6 thi-
olate,7 phosphonothioate,8 and sulfonate.9 Cations and anions act
as a tridentate hydrogen-bond donor and acceptor, respectively
and link together with robust pseudo-cubic supramolecular syn-
thon.11

In the aim of extending the conventional [4þ 4]-type

clusters, we adopted phosphonic acids which have an additional
hydrogen-bond donor as the anion moiety.12 (Scheme 1).

Triphenylmethylamine (TPMA) and phenylphosphonic acid
(PPA) or n-propylphosphonic acid (nPrPA) were mixed in meth-
anol with a 1:1 molar ratio. Evaporating the solutions yielded
their powdered salts, which were recrystallized from 1,2-
dichloroethane. Single-crystal X-ray analysis revealed that
TPMA–PPA and TPMA–nPrPA formed the [4þ 4]-type clus-
ters (Figures 2a and 2b).13,14

The clusters are built with discrete hydrogen-bond networks
which are surrounded by bulky substituents. Four anions and
four cations align alternately and are linked by twelve NH���O
charge-assisted hydrogen bonds similar to the networks com-
posed of carboxylates6 or sulfonates.9 However, unlike these
conventional networks, the surplus hydrogen atoms of phosphate
anions behave as hydrogen-bond donors for additional four
OH���O hydrogen bonds. In these two crystals, different OH���O
hydrogen-bond networks are observed. Thereby, two novel
pseudo-decahedral hydrogen-bond networks with different
topology are formed with totally sixteen hydrogen bonds
(Figures 2c and 2d). Each pseudo-decahedron of TPMA–PPA
and TPMA–nPrPA corresponds to the decahedron shown in
Figures 1a and 1b, respectively.

Since four faces in the pseudo-cube are parted by the OH���O
hydrogen bonds (see Figures 2c and 2d, red dashed arrows),
pseudo-decahedral hydrogen-bond networks are constructed

Figure 1. Decahedrons consisting of two quadrangles and eight
triangles with different topology.

Scheme 1. Salt formation of triphenylmethylamine with phos-
phonic acids.

Figure 2. [4þ 4]-Type clusters of (a) TPMA–PPA, and (b)
TPMA–nPrPA. Phosphorus, nitrogen, and oxygen atoms are or-
ange, blue, and red, respectively. Hydrogen atoms are omitted
for clarity. Pattern diagrams of hydrogen-bond networks of
(c) TPMA–PPA, and (d) TPMA–nPrPA with different OH���O
topology. Black and red dashed lines show NH���O and OH���O
hydrogen bonds, respectively.
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with ten ringed hydrogen-bond networks. Two networks of
TPMA–PPA and TPMA–nPrPA look very similar in graph sets15

which represent the numbers of molecules, hydrogen bonds, and
atoms of the rings. However, from the topological point of view,
linking mode of four rings among ten (light-blue-colored area)
differs Owing to recombination of three hydrogen bonds (bold
lines shown in Figure 3).

These topological differences in hydrogen-bond networks
originate from distinctive hydrogen-bond manners of each phos-
phonate anion (Figure 4). Different from other anions which act
as tridentate hydrogen-bond acceptor,3,5–9 in the two crystals
of phosphonates, four different manners of phosphonate anions
(Figure 4 I–IV) are confirmed: TPMA–PPA consists of one I,
two II and one IV, TPMA–nPrPA consists of two II and two
III. In these manners, phosphonate anions accept at least three
hydrogen bonds in a similar fashion to sulfonate and carboxylate
anions.3,6,9 However, depending on the topology of the additive
four OH���O hydrogen bonds, phosphonate anions have possibil-
ity to accept extra one or two hydrogen bonds (Figure 4 II–IV).
The topological diversity depends heavily on the conformational
diversity of anion moiety. Therefore, the diversity and adjusta-
bility of the phosphonate anion play an important role in
constructing a variety of supramolecular assemblies. We also
confirmed these assemblies in solution (see Supporting informa-
tion).16 These results give us the possibility for the dynamic
control of the topology, which may contribute the molecular
informatics.

In conclusion, we demonstrated that design and construction
of novel pseudo-decahedral hydrogen-bond networks from the
conventional hydrogen-bond networks. In the networks, newly

four OH���O hydrogen bonds participated into the network
through the extra hydrogen atoms of phosphonate anions. In
the crystals, phosphonate anions play multimodal hydrogen-
bond manners, which turn to be widely engaged in topological
diversity. These results give us novel insight into the
topology of hydrogen-bond network as well as an instrumental
method to design further complicated nano-order fabrications.
Topology–property correlations are under investigation for
the realization of molecular informatics.
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Figure 3. [4þ 4]-Type clusters and hydrogen-bond networks
with graph sets on opened-up cube of (a) TPMA–PPA and (b)
TPMA–nPrPA. Phosphorus, nitrogen, and oxygen atoms are
orange, blue, and red, respectively. Hydrogen atoms are omitted
for clarity. Black and red bold lines show the difference between
two networks. Light-blue- and yellow-colored areas show differ-
ent and the same network areas, respectively.

Figure 4. Four manners of phosphonate anions on the corner of
the pseudo-cube (black dash lines and red dash lines show
NH���O and OH���O hydrogen bonds, respectively).

Chemistry Letters Vol.36, No.11 (2007) 1391

Published on the web (Advance View) October 24, 2007; doi:10.1246/cl.2007.1390


