COMMUNICATIONS

[17] P. T. Tanev, M. Chibwe, T. J. Pinnavaia, Nature 1994, 368, 321 -323.

[18] Practical surface analysis: Vol. 1: Auger and X-ray photoelectron
spectroscopy (Eds.: D. Briggs, M. P. Seah), 2nd ed., Wiley, London,
1990.

[19] S. O. Grim, L. J. Matienzo, Inorg. Chem. 1975, 14, 1014-1018.

[20] G. A. Ozin, S. Ozkar, R. A. Prokopowicz, Acc. Chem. Res. 1992, 25,
553-560.

[21] Samples were prepared by grinding in a mortar and pestel in acetone
and depositing on a slide. Reflectance mode spectra were run on an
Ocean Optics S-2000 UV/Vis spectrometer. The band gap was
calculated from the powder UV/Vis spectra as described in A.R.
West, Solid State Chemistry and its Applications, Wiley, New York,
1984, pp. 75-78.

[22] G. A. Ozin, Acc. Chem. Res. 1997, 30, 17-27.

[23] S. Oliver, A. Kuperman, N. Coombs, A. Lough, G. A. Ozin, Nature
1995, 378, 47-50.

[24] H.-P. Lin, S. Cheng, C.-Y. Mou, Chem. Mater. 1998, 10, 581 —589.

Ni(tpt)(NO;),—A Three-Dimensional Network
with the Exceptional (12,3) Topology:
A Self-Entangled Single Net**

Brendan F. Abrahams, Stuart R. Batten,
Martin J. Grannas, Hasan Hamit, Bernard F. Hoskins,
and Richard Robson*

In Memory of Dr. George Winter

Extended framework solids are currently of considerable
interest and importance because of the scope they offer for
the generation by design of new materials with a range of
potentially useful properties.'l' A valuable conceptual ap-
proach to building and describing extended frameworks, in
particular those involving interpenetration,? is based on the
idea of a net, a valuable catalogue of which has been provided
by Wells.!

Connecting ligands providing two or more bidentate metal-
binding sites that are now starting to be explored,™ are
particularly appealing as building blocks for coordination
polymers because they promise robust networks with good
electronic communication between metal centers. When an
octahedral metal center takes on three ligands of this type the
metal center itself adopts the role of 3-connecting node giving
access to a range of still little known 3-connecting nets. We
suspect that many examples of 3-connected nets will appear in
the near future. The symbol (n,3) can be used to characterize
the topologies of nets in which all nodes are 3-connecting and
where the shortest circuits involving all three different pairs of
connections radiating from each node are n-gons. An
interesting question that arises when one considers the set
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of (n,3) nets is “what is the largest possible value for n?”—or,
in other words “what is the three-dimensional (3D) 3-con-
nected net whose shortest circuits are as large as possible?”.
The (12,3) net is the one with the largest value of n considered
by Wells.l'”] What we describe here is, to the best of our
knowledge, the first real chemical example of a (12,3) net.
A representation of a (12,3) net with planar nodes is shown
in Figure 1. The net, which is intrinsically chiral, can be
visualized in terms of “double” sixfold helices, all of the same

Figure 1. Representation of the (12,3) net in which all nodes are planar and
equivalent. One sixfold double helix is highlighted with a star for ease of
identification.

handedness and all parallel, connected together by links that
are perpendicular to the helical axis. The extension of the
(12,3) net in the direction of the helical axis is dictated by the
angle at each node internal to the helix which can, in principle,
take any value from 120° (regular trigonal nodes) to 180° (T-
shaped nodes)—the larger this angle, the greater the pitch of
the helices and the more extended in the direction of the
helical axis does the structure become.

Whilst neither strictly trigonal nodes alone nor strictly
T-shaped nodes alone can be used to generate the (12,3) net, it
can be constructed in a completely strain-free manner from
alternating T and trigonal nodes. This is precisely what we
observe, as described below, in the
structure of the crystalline coordi- N
nation polymerl® obtained from Q
nickel nitrate and the trigonal
3-connecting ligand tri-4-pyridyl-
1,3,5-triazine (tpt; 1). This geo- NON
metrically simple ligand has al- N
ready afforded a> wide variety of NO
unusual and symmetrical 3D coor-
dination networks.”l The crystal 1
consists of a well-defined coordi-
nation polymer framework with the (12,3) topology contain-
ing equal numbers of tpt and Ni** centers. Disordered solvent
occupies the chiral channels running parallel with the helical
axes. The essence of the connectivity of the network is
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represented in Figure 2. The particular crystal studied in
detail had the absolute configuration shown in Figure 2 but a
second crystal chosen at random was found to have the
opposite handedness. All nickel centers (the T-nodesl®! in
Figure 2) are equivalent as are all tpt units (the trigonal nodes

Figure 2. Representation of the (12,3) net consisting of alternating trigonal
and T-shaped nodes as seen in the structure of solvated Ni(tpt)(NOs),. The
trigonal nodes are located at the centers of the tpt triazine rings and the
T—shaoped nodes are located at the Ni centers. Node-to-node separation
7.64 A.

in Figure 2 which are located at the midpoints of the tpt
triazine rings). Each nickel center together with one of its
coordinated pyridyl groups lies on a twofold axis, the other
two pyridyl groups are cis to the first and related to each other
by the twofold axis. The octahedral coordination of the nickel
center is completed by oxygen atoms from monodentate and
bidentate nitrate anions which are disordered around the
twofold axis.

The presence of the two types of 3-connecting centers
(trigonal and T) means that the double sixfold helices have
now become double threefold helices with a triangular cross-
section, as can be clearly seen in Figure 2. In the (12,3) net
consisting of T-shaped nodes with 90° angles and regular
trigonal nodes with 120° angles the orientation of the trigonal
units to the hexagonal axes is “fixed” by the geometry and the
proportions of the unit cell are predetermined (a/c =2/v/6=
0.8165). There is a very close correspondence between these
proportions dictated by simple geometry and those observed
in the real crystal (a/c =0.8159).

A representation of the beautifully interwoven network,
showing all the non-hydrogen atoms of the tpt units and the
nickel centers in three adjacent double helices, is presented in
Figure 3.

Within the series of uniform (n,3) nets the (12,3) net is
exceptional in showing self-entanglement such that some of
its shortest circuits have other shortest circuits passing through
them. Figure 4 provides an example of two 12-gons passing
one through the other. It is true that if one were prepared to
search for continuous circuits that are large enough, one could
identify, in any extended network, pairs of such circuits that
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Figure 3. Three interconnected double helices showing the C, N, and Ni
atoms. For ease of visualization the double helices are wrapped around
imaginary “poles”.

pass one through the other, but
generally they would be very
much larger than the shortest
circuits that constitute one of
the fundamental characterizing
features of the net topology. It
does appear to us, therefore, that
nets in which two shortest circuits
pass one through the other con-
stitute a special topological class
which could properly be descri-
bed as self-penetrating and/or
self-entangled. 1t is interesting
that as » increases in the series
of (n,3) nets a point is reached
where the system, in a manner of
speaking, “folds back on itself”,
as occurs in (12,3) with the for-
mation of double helices within
what still remains a single net;
the catenane-related self-pene-
tration stems from this, as can
be seen in Figure 4. If examples
with n > 12 were to be capable of
existence it seems likely this
catenane-like self-entanglement
would prove to be one of their
inherent features.

Figure 4. A double helix
and one of the catenane-like
pairs of 12-gons associated
with it. One chain of the
double helix and the 12-gon
associated with it are here
differentiated from the oth-

1998 [Z126501E] er chain/12-gon combination
German version: Angew. Chem. 1999, but all are part of a single 3D

111, 1538-1540 net.
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Pentacarba-arachno-tridecaalane
(AlMe)3(CCH,Ph);H with an AlgC; Skeleton—
The First Polyhedral Carbaalane**

Werner Uhl* and Frank Breher

Carbaboranes contain clusters formed by boron and carbon
atoms. Owing to their unique structures and bonding they
have been intensively investigated in the last few decades and
have been included in inorganic chemistry textbooks for a
long time.['1 Up to now the corresponding carbaalanes with a
skeleton containing only aluminum and carbon atoms were
unknown; however, some compounds in which single alumi-
num atoms are inserted into borane or carbaborane clusters
have been reported.”l A suitable method for the synthesis of
carbaboranes is based on the hydroboration of alkynyldial-
kylboranes with an excess of dialkylboron hydrides, but often
the yields are very low.Pl Recently, our group has begun
systematic investigations into the related hydroalumination
reaction, in particular with regard to the synthesis of
polyaluminum compounds. The latter have been attracting
growing interest as chelating Lewis acids in phase-transfer
processes or for the recognition of anions.!! The hydro-
alumination of aluminum alkynides was described once
before, however, the products were never isolated or charac-
terized, and subsequent work up by hydrolysis generally
yielded a mixture of hydrocarbons.’! Similar treatment was
reported for the products of the hydroalumination of organic
alkynes.[! The organoaluminum intermediates are, however,
of great interest with regard to our investigations, and one of
our aims is to isolate them in a pure form for a complete
characterization. We report here on the remarkable reaction
of dimethylaluminum hydride with dimethylaluminum
phenylethynide (1).

When 1 was treated with dimethylaluminum hydride in n-
pentane in a stoichiometric ratio, the color of the reaction
mixture changed to red, but the ethynide was recovered in an
almost quantitative yield. Compound 1 was only consumed
completely when it was dissolved in an excess of the
dimethylaluminum hydride and heated without a solvent to
80°C over a period of two days. Monitoring the reaction by
NMR spectroscopy indicated the formation of a large amount
of trimethylaluminum, which was distilled off in vacuo at
room temperature. Recrystallization of the reddish, solid
residue from cyclopentane gave colorless crystals of the
product 2 in 60 % yield [Eq. (a)].

11 Me,AIH + 5 Me,Al—C=C—Ph ————

1
(@

(AMe)g(CCH,Ph)sH + 8 AlMe;
2
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