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Threaded molecules such as catenanes and rotaxanes hav&cheme 1. Self-Assembly of [2]Catenane Species
garnered much attention in recent yelhesd concurrent with this
has been the development of 3-D metallo-supramolecular assemblies
that can be formed with a variety of prismatic and polyhedral
structure. Threaded metallo-supramolecular assemblies have been"
largely restricted to catenanes of 2-D metalla-cyctesd include N

MeO.
. OMe o M(NOg),, M = Zn, Co
examples of doubly braided [2]catenarie$o the best of our °°Me DMSO

\ /7 \ ¢/

knowledge, the only example of an interlocking 3-D metallo-
supramolecular assembly is the [2]catenane reported by Fujita and
co-workers? In this assembly two asymmetric trigonal bipyramidal !
[M3(L1)(L2)]6" cages interlock and the formation of the catenane B(NOy)-
is driven byz—s stacking interactions between the two types of
ligand. Despite this assembly being known for the best part of a
decade, a second system displaying the same interlocking motif
has yet to be reported. We report the second such system herein.
This occurs with the cyclotriveratrylene-related molecular h&x3t (
2,7,12-trimethoxy-3,8,13-tris(4-[4nethyl-2,2-bipyridyllbenzyloxy)-
10,15-dihydro-5i-tribenzop,d,g]cyclononenel in the complexes =
[M3(2)2(NOs)3] 6" where M= Zn(Il) or Co(ll). Cyclotriveratrylene
(CTV) has a relatively rigid bowl-shape, and a small number of
single cage 3-D metallo-supramolecular assemblies with cyclo-
triveratrylene-based ligands have been previously repéited.

Ligand 1 was synthesized in 64% vyield from reaction of
4-bromomethyl-4methyl-2,2-bipyridine with cyclotriguaiacylene
in dry dimethylformamide in the presence of NaH. Two different cages are known for a number of systéifigcluding single cage

cyclotriveratrylene-based ligands with appended'-Bigyridine examples with CTV-based ligands from Shinkai et al.
moieties have been previously reporfedgand 1 self-assembles A trigonal bipyramidal cage contains three windows and in

with Zn(NGs), or Co(NG;); in dimethylsulfoxide (DMSO) to form complex2 two such cages interlock through all three windows to
[M3(1)2(NO3)3]2*6(NOs)[2]catenanes, Scheme 1, which have been form a [2]catenane; see Scheme 1 and Figure 1. The molecular
characterized by crystallography in the case of the Zn(ll) complex bowls of the host ligands of different cages stack on top of one
and by mass spectrometry. another in a slightly misaligned manner. There are no face-to-face
Very small octahedral crystals of [4(1)2(NOs)s]o*6(NOs)- ni—m stacking interactions evident between these molecular bowls,
10(DMSO)2 were grown in 63% yield by diffusing acetone vapors given a separation of 4.77 A between the centers of the aromatic
into a DMSO solution of ligand. and 2 equiv of Zn(NG).. The rings. Within the inner part of the [2]catenane two ligatd
crystals were very weakly diffracting, however a single-crystal molecular bowls are facing one another creating an inner binding
structure could be obtained by utilizing synchrotron radiation. core. There is significant space within this inner core estimated at
Orange crystals with the same morphology were obtained using ~ 200 A3.
Co(NG3), in place of Zn(NQ),, but even with synchrotron radiation, The two cages of the catenane do not interlock in a centered
these did not show sufficient diffraction to establish a unit cell.  fashion. This is due to two types of weak hydrogen bonding
The asymmetric unit of compleX comprises a Zn(ll) cation, a  interaction that occur between the catenating cages. The closest
nitrate, and one-third each of two crystallographically distinct interaction is between a CH of the bpy of one cage and the OMe
ligands. A second nitrate anion and solvent DMSO could not be groups of the internal ligands of the second cage at i:+-O
located, and the given composition was established by elementaldistance 2.37 A (corresponding-@0 separation 3.17 A). There is
analysis. The Zn(ll) has distorted octahedral geometry with one also G-H-:-O hydrogen bonding between the unbound O of the
chelating nitrate anion and two chelating bpy moieties from the nitrate ligand and the pendant methyl group on the bpy moieties
two distinct ligands. Each ligand coordinates to three equivalent of one of the two types of ligand, at-€H---O distance 2.46 A and
Zn(ll) centers creating a trigonal bipyramidal coordination cage C...O separation 3.37 A. Both types of hydrogen bond occur at six

with 15.96 A between Zn(ll) centers. Trigonal bipyramidaL positions in the core or around the periphery of the [2]catenane
— respectively, Figure 1.
iﬂmg:z:g 8; h%%‘ésérsﬁeld_ A .single [Zﬂg(l)z(NOg,.)3]'3+ cage contains both er?ant@omers of
8 STFC Laboratory. the ligand; however, within each [2]catenane all six tris-chelated
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{[Zn(1)(NO3)]} , and{[ZNn(1-C1,H11N2)(NO3)]} *. ES-MS studies

of the Co(ll)-system show the presence of the [2]catenane much
more clearly with a triply charged peakrmatz 1573.04 correspond-

ing to {[Cos(1)2(NOs)s]2(NOs)s} 3t (calcd 1575.33). Additional
peaks were assigned to the 1:1 Cepecieq [Co(1)(NO3)]} * and
{[Co(1-C12H11N2)(NO3)]} ™ and there was no indication of a single
cage species. The observed loss of a methyl-bipyridine arm in
specieq [Zn(1-C12H11N)(NO3)]} + and{[Co(1-Ci2H11N2)(NOg)]} *
indicate that the assemblies are fragmenting in the mass spectrom-
eter. It is also notable that, as might be expected for a [2]catenane,
there are only [ML7]», [M3L;], or smaller species observed.

The self-assembly of the [M1)2(NOs)s]26(NOs) [2]catenanes
demonstrates that the triply interlocking [2]catenane motif is
accessible for chemical systems other than Fuijita’s original example.
Furthermore, it can be formed by symmetrical 3-D metallo-
supramolecular assemblies where the ligands do not show extensive
m—am stacking between them. Homomeric or “self-stacking” motifs
as seen in compleXare common with CTV and its derivativiEg®
and may provide clues as to how this complicated topological motif
occurs in this instance.
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