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Catenanes and rotaxanes occupy a key position in the field of Scheme 1 2
chemical topologyas well as that of artificial molecular machines L™ A~ L
and motorg, although non-interlocking systems have also led to
spectacular results in this latter fieldy contrast, catenanes and
rotaxanes have not been much used in-hgsiest chemistry. Rare
examples are those of luminescent anion birfdersystems related
to biomolecule$.We would now like to report that a bis-porphyrinic
[3]rotaxane behaves as an efficient receptor toward guests of the
type py-Z-py (py: 4-pyridyl; Z: spacer). Moreover, the ability of
the two rings to glide freely along the axis onto which they are a(a) Principle of the adaptable [3]rotaxane receptor. The two rings
threaded allows the distance between the binding sites borne bythreaded by the rotaxane axis are rigidly attached to a Zn-porphyrin (blue

the rings to be varied over a wide range, thus allowing guests of moieties); they can glide along the axis so as to allow the receptor to adjust
very different lengths to be complexed between these two sites. the Zn-zn distance and thus to fit the dimensions of thelL ditopic
The principle of the recognition process and of the ability of the substrate. L is an organic fragment able to coordinate the Zn atom of the
receptor to adapt to the guest is represented in Scheme 1. As showRCPhyrins. (b) Schematic representation of a dicopper(|) rotaxane complex,
in Ei 1 hvri lei iqidlv attached to th bil in which the porphyrir-porphyrin distance is roughly imposed by the
|r_1 lgure L, porphyrin nucier are rigidly attached 1o the mobiie geometry of the central dinucleating unit (represented by a double half of
rings of the rotaxane receptor. Our group as well as others haveg circle symbol).
already described several porphyrin-incorporating catenanes or N ,
rotaxane$, mostly in relation to electron and energy transfer. in ~ The Stjrb'“ty constants of the complexesd], [1-4], [2-3]*",
the field of host-guest chemistry, whereas porphyrin-based cat- and P-4]*" were determined by U¥vis spectroscopic measure-
enanes and rotaxanes have not been explored as yet, a myriad ofents (see Supporting Information). The Soret band of the Zn-
bis-porphyrins have been elaborated and studied as ditopic recepPOrPhyrins is an excellent probe to monitor the complexation
tors? reaction between hogtor 22" and both guests. The spectroscopic
The copper compleg2* = Cu,(1)2* was obtained as the ultimate characteristics ofl are as follows: Ana{log €) = 437 nm (5.70)

precursor tol, before the demetalation reaction (KCN) affording (SOrét band), 518 nm (4.84), and 672 nm (4.23) (Q bands). By
1. Rotaxane2?* was obtained following the copper(l)-templated adding gradual amounts of the bis-pyridyl substrater 4 to a

strategy already used in numerous syntheses in our group for making{?luene solution ofL, a significant bathochromic shift of _the Soret _
various catenanes rotaxanes. and was observed as well as a small hyperchromic effect, in

The complete synthesis at* is extremely complex and requires accordance with previous observatidA<lear isosbestic points

many individual chemical steps. It will be described in a separate were observed in the titration, which is an indication that one

publication. The chemical structure of the free [3]rotaxanesed Cﬁmp'e’; Stphe?is olnlty 'i obtal?ed. In addmlor:, the_stog:hlomztrfy IS
in the present study is represented in Figure 1. Each ring of the OPVIously that 6a - 1o ~complex since a piateau 1S observed for

[3]rotaxane contains a 2,9-diaryl-1,10-phenanthroline coordinating the absorbance of the mixture obtained by adding4 to 1 beyond

fragment. The back of the 1,10-phenanthroline nucleus (positionsa ratio of 1 to 1.2. The s.tabllltyltl:orjstants for the compllexes.
L -~ corresponding to the following equilibrium have been determined:
5 and 6) has been modified in order to perform a condensation

(b)

reaction leading to the attachment of a porphyrin in a rigid fashion. [HeG]
The synthesis of the constitutive rings band22* has recently H+G=[HeG] K= =

been reporte@.The core of the axis contains a 3,8-di(4-pyridyl)- [H] > [G]

4,7-phenanthroline motif, providing the axis with two rigidly H: 1or2* and G:3or4

connected bidentate chelates of the'-bjpyridine family. This
fragment has been used in the past to prepare various multinuclear Their values are as follows: |0§assf1:3] = 7.5+ 0.2 and log
transition metal complexésincluding a [4]pseudorotaxane com-  Kassf1:4] = 6.0 £ 0.2, which reflect both the adaptability of the
plexed to four copper(l) atonm8.The X-ray structure of an iridium- [3]rotaxane hosL and the respective basicities of gue3tand4.
(1) complext! of the coordinating central core indicates that the ~ The corresponding complexes of the copper(l)-complexed recep-
distance between the two complexed metal centers should be aroundor 22* could be obtained quantitatively either by adding a
8—8.5 A, in agreement with CPK models. stoichiometric amount of the given di-pyridyl substradeo( 4) to

In order to verify thatl can accommodate substrates of markedly 22" or by first preparing the copper-free complek3] or [1-4]
different geometries, coordination of the two bis-pyridyl compounds and, subsequently, adding 2 equiv of a copper(l) salt to the solution.
3 and 4 was studied. The substra®is obviously geometrically 1 can obviously adjust its geometry to the complexed guest. As
very different from4 since, in the latter substrate, the pyridyl testified by the very similar binding constants f@3]?* and p-
groups are directly connected to one another via their 4 positions 4]?* (log Kassn= 6.8 & 0.2 for both complexes) the copper(l)-
(Figure 2). complexed rotaxan# is also adaptable. The long aromatic spacers
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Figure 1. Chemical structures of the free rotaxah&here R groups represent 3,5tdid-butylphenyl substituents.

N/| \ N\ N
N \ /
x 3 = 4

Figure 2. Two bis-pyridyl substrate8 and 4.

between the porphyrin nuclei and the rings can easily be distorted.
Indeed, coordination d3 to the two zinc porphyrins a2?* has to
induce pronounced distortions of the receptor itself. Indeed, if the
conformation of2?* was frozen in the most stable one, as obtained
by simulation, it would be virtually impossible to insert the substrate
in between the two porphyrinic plates.

In conclusion, the two-porphyrin [3]rotaxarferepresents the
first example of an adaptable receptor based on interlocking or

threaded compounds. The center-to-center distance between the two

porphyrinic plates can vary substantially, roughly from 10 to 80
A. The order of magnitude of the binding constants (abo@t10
10’ M~1) underlines a cooperative effect between both porphyrins
of the two receptor rotaxanglsand 22+, This strong association
imposes that one guest binds (eitl&ror 4) to one host, the
demetalated rotaxan& being a slightly better host for guest
substrates due to the greater adaptability of its bis-porphyrinic
receptor.
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