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A novel conformation driven self-assembly system, where four
metallocycles with different conformations have been in situ self-
assembled. Interestingly, only square metallocycles can further
interlock into polycatenane. However, rectangular and rhombus
metallocycles are failure to overcome such entropically
unfavourable process, which constitutes an obstacle to the
formation of polycatenane.

Supramolecular aggregates with well-defined shapes based on
coordination have attracted considerable attention due to
their aesthetically fascinating structures and possible
applications particularly in the field of recognition, catalysis,
and drug delivery.1 Catenanes are a class of supramolecular
assemblages consisting of interlocked macrocycles, ranging
from simple single interlock to multiple interlock, which have
drawn considerable attention not only for their interesting
topological structures, but also for their astonishing
applications such as in molecular machine;> and variety of
directed templating techniques such as metal-template,
donor—acceptor interactions have been developed to obtain
such fascinating structures.’ In fact, coordination-driven self-
assembly without template also can lead to these higher order
architectures via numerous association and dissociation steps.
In 1994, Fujita group firstly synthesized a [2]catenane based on
the in situ formed metal-organic rings.4 Since then, many
catenanes based on two dimensional metallocycles or three
dimensional metallocages have been reported.”> Infinite
polycatenane® and polyrotaxane7 with multiple interlocking
knots seems hard to be assembled, so only several
polycatenane chains based on discrete metalloassemblages
have been reported, and the influences governing their self-
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assembly are still obscure. So how to construct such highlh
organized architectures from discrete metalloassemblages u..u
insight into their self-assembly processes have therefore
remained a challenge for chemists.

Herein, we develop a novel conformation driven sel.
assembly system, in which four metallocycles with differer’
conformations have been in situ self-assembled, and on. -
square metallocycles can in situ interlock into polycatenar:
while rectangular metallocycle and rhombus metallocycle
cannot overcome such entropically unfavourable process.
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Scheme 1 Conformation driven in situ interlock.

In order to construct different metallocycles, a flexible *
shape ligand L (L = 1,2-bis[(pyridin-4-ylthio)methyl]lbenzenc,
was used. The ligand contains rigid benzene ring, pyridyl grou
and soft methylene group, which is so flexible that it can adoj
any angle from 0° to 180° to satisfy construction »f
metallocycles with different conformations based on suit: sle
metal acceptor. For example, the Hg2+ is usually square fou.
coordinated, so that HgCl, will mostly react with L to form
square macrocycle [Hg,L,Cl,]; the Ag® is usually linear twe
coordinated, and a rectangular macrocycle [Ag,L,(CF3;SO3) °
may be obtained from AgCF;SO; with L; the Zn®" is usuall
tetrahedral four-coordinated or octahedral six-coordinated, s
that ZnCl, may react with L to form a rhombus macrocycl-
[Zn,L,Cl,]. ESI-MS spectra demonstrate that each of threx

metallocycles can be quickly self-assembled from one
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molecular ligand L and one molecular metal ion in the
CH3CN/H,0 solution, in which the 1154 peak corresponds to
[Hg,L,Cl5], the 1013 peak corresponds to [Ag,L,(CF3505)]", and
the 885 peak corresponds to [Zn,L,Cl5]%, respectively (Fig. S1-
S3).

Journal Name

Slowly diffusing the acetonitrile solution of L into the wa..
solution of AgCFsSO; leads to compound 2, formulated 7.
[Ag,L,(CF3S03),]. Single-crystal X-ray analysis reveals th:
compound 2 is a discrete rectangular metallocycle and has '+
same topological structure as shown in Scheme 2(a), in whic
the sides AB and CD are equal to 4.418 A, BC and AD are equal
to 13.259 A; ZABCis 84.421° and £/BCD is 95.579°.

Slowly diffusion of the acetonitrile solution of L into the
water solution of ZnCl, leads to compound 3, formulated s
[Zn,L,Cl,]. Single-crystal X-ray analysis reveals that 3 is
crystallized in P2,/c space group. Each of the Zn®" is four-
coordinated by two N atoms from two ligands and two C.
anions to form a discrete rhombus metallocycle as shown !
Scheme 2(c). The angle £FGH is 109.46°, and the lengths ¢
the two opposite pyridine rings reduce to 8.793 A and 10.217
A compared with those in compound 1 in Fig. 2.

(a)
'7' [Ag,L,(CF,SO,),]
i -1
L= ;
S : N
ZN a [Hg,L,Cl,]
Q
(c)
@n,LCl)
Scheme 2 Controllable construction of discrete metallocycles with different
conformations.
Whether these three metallocycles, [Hg,L,Cl,],

[Ag,L,(CF3S03),] and [Zn,L,Cl,], have the desired square,
rectangular or rhombus conformations as we expected, which
one inclines to interlock each other to form catenane. Slowly
diffusing the acetonitrile solution of L into the water solution
of HgCl, leads to compound 1, formulated as [Hg,L,Cl,],.
Compound 1 crystallizes in the space group C2/c, where Hg(ll)
is four-coordinated by two N atoms from two different ligands
and two ClI" anions. As we expected, metallocycle [Hg,L,Cl,] has
a similar structure as shown in Scheme 2(b), although it seems
a little twist, in which the four sides of metallocycle are equal
to 10.48 A and £ CDE is 103.649°. The lengths of two opposite
pyridine rings are 9.596 A and 10.625 A, respectively. These
metallocycles further interlock each other into a polycatenane
chain stabilized by strong m-rt interaction from interlocking
metallocycles, in which two kinds of above m-it interactions,
named A (red) and B (green), are formed, where the length of
A is 3.543 A and the length of B is 3.753 A. The pyridine rings
stack in an ABAB fashion along the polycatenane chain as
shown in Fig. 1.

(a

’\__t.&.@_b

Fig. 2 (a) the [Ag,L,(CF3S0s),] metallocycle. (b) the [Zn,L,Cl;] metallocycle, some bond
lengths and angles are marked.

Fig. 1 The process of formation catenane by [Hg,L,Cl;] metallocycle, some bond lengths
and angles and ABAB -t interaction are marked.
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We have found that only square metallocycle [Hg,L,Cl,;] can
further interlock each other into polycatenane through
prolonging reaction time, which are stabilized by strong m-.7
interaction, while rectangular metallocycle [Ag,L,(CF3SOs)_|
and rhombus metallocycle [Zn,L,Cl;] cannot overcome such
entropically unfavourable process. A possible assemb v
process of compound 1 is presented in detail (Scheme 3): tt -
ligand L and HgCl, can assemble into a [Hg,L,Cl,] metallocyc.c
quickly in the CH3CN/H,O solution, in which the [Hg,L,Cl ,
metallocycle can be opened reversibly and fast. Interlocking ¢
one closed [Hg,L,Cl;,] metallocycle with the opened one ill
lead to a [2]catenane. The interlocking process is slow and an
self-correct, in which only the interlocking knots with lowes.
energy are stable and any other kinetically forme .
intermediates will be disassociated. Multiple interlocking .
more stable than single interlocking, so polycatenanes rathe
than [2]catenanes are finally isolated in our assembly system.
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Scheme 3 A possible assembly process of compound 1.

Interlocking is an entropically unfavourable process, and it
needs suitable interaction to stabilize. In our opinion, the
[Hg,L,Cl,] metallocycle prior to interlock into polycatenane
may result to their larger cavity and strong -t interaction
from neighboring rings; the [Ag,L,(CF3S03),] metallocycle
cannot interlock each other may due to their small cavity. The
[Zn,L,Cl,] larger cavity as [Hg,L,Cl,],
however the rhombus cavity seems hard to stack in a
favourable form to lead to strong m-ir interaction. It seems
highly interesting that even such a little difference still results
to entirely different self-assembly. So we think that suitable
cavity and interaction are the key factors governing the
interlock from discrete metalloassemblages.

The formation of infinite architectures is very difficult and
sensitive; even if using similar anions such as I’ and Br anions
to replace CI" anions, the results are entirely different.®” In
order to study the effect of anion for the formation of
polycatenane, Hgl, has been selected to replace HgCl,. Slowly
diffusing the acetonitrile into DMSO solution of L and Hgl, for
several days leads to compound 4, formulated as [Hg,L,l4],. X-
ray analysis demonstrates that it contains a polycatenane
chain based on square [Hg,L,l4] metallocycle. As shown in Fig.
3, Z CD’E’ decreases to 103.553° due to the larger
corresponding | anions compared with ClI" anions, and the
length of A’ is 3.564 A, the length of B’ is 4.032 A.
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Fig. 3 The process of formation catenane by [Hg;L,l4] metallocycle, some bond lengths
and angles and A’B’A’B’ r-rt interaction are marked.

In conclusion, a novel conformation driven self-assembly
system has been developed, where four metallocycles with
different conformations have been in situ self-assembled. The
results indicate that suitable cavity and interaction are the key
factors for the formation of polycatenane. Therefore, only

This journal is © The Royal Society of Chemistry 20xx
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square metallocycles can further interlock into a polycatena: :
chain, while rectangular and rhombus metallocycles cannc .
overcome the entropically unfavourable process.
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