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ABSTRACT

An enmeshed supramolecular complex, based on a semi-dumbbell-shaped component containing an asymmetrically substituted tetrathiafulvalene
site and a 1,5-dioxynaphthalene site for encirclement by a cyclobis(paraquat-p-phenylene) ring component and with a “speed bump” in the
form of an thiomethyl group situated between the two recognition sites, has been self-assembled. This complex is a mixture in acetone
solution of two slowly interconverting [2]pseudorotaxanes, one of which is on the verge of being a [2]rotaxane at room temperature.

The advent of supramolecular chemistry has aroused theuse of noncovalent interactions in the synthesis of catenanes
interest of chemists of many different persuasions in and rotaxanes.

compounds such as catenanes and rotaxanks.synthetic

A [2]rotaxane is a molecule composed of a ring and

guidance provided by noncovalent bonds has transformeddumbbell-shaped componénthe ring encircles the linear
these interlocked molecular compounds from chemical portion of the dumbbell-shaped component and is trapped
curiosities into a vibrant area of modern-day research. They mechanically around it by two bulky stoppers. By contrast,

are now prime candidates for the construction of artificial
molecular machinésand the fabrication of molecular
electronic device®® Much effort has been devoted during

in a [2]pseudorotaxankat least one of the stoppers on the
dumbbell-shaped component is absent with the consequence
that dissociation into its two components can occur sponta-

the past two decades to trying to understand and control theneously, i.e., it behaves like a 1:1 complex. Slipping of
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macrocycles over the bulky stoppers of dumbbell-shaped
components has been used sparifdly self-assemble
rotaxanes in solution under thermodynamic control. Juditious
choice of the constitutions and the sizes of the slippage
stoppers and the macrocycle’s cavity is essential in order to
reach that fine balance between the system being capable of
slippage and not. When such a balance is achieved, the
macrocyclic component will possess sufficient thermal
energy in solution just above room temperature to permit
its slow passage over the slippage stopper. In this regard, it
has been concludedhat a well-defined cutoff between
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rotaxanes and pseudorotaxanes does not&iighis Letter,
we present a rare example of “piggy-back” supramolecular
assistance leading to the formation in solution of two a) -
nonidentical [2]pseudorotaxanes, one of which is on the brink R RSO L‘;) f,_, s ""g
Et

of becoming a [2]rotaxane. We have reported previously m._,o\_P@ﬂo@f@“'lii.l m
that slow “internal” passage of the macrocyclic ring com- Meo_0 0@~ PR ;
ponent, cyclobis(paraquatphenylene) CBPQT, over an Il
SMe group occurs (Figure 1a) in the amphiphilic bistable

[2]rotaxanel*t. Here, we record the results of kinetic and

thermodynamic studies between semi-dumbbell-shaped com-

pound2 and CBPQT" (Figure 1b). Compoun@ contains

two different recognition sites—a tetrathiafulvalene (TTF) 124PFg*GREEN “

unit and a 1,5-dioxynaphthalene (DNP) ring systefior

CBPQT along with a “speed bump” in the form of an SMe

group situated on the rod section between the two recognition

sites.

The inclusion of TTF derivatives inside the cavity of 124PFRED
CBPQT is well documentetiand leads to the formation
of pseudorotaxanésunder thermodynamic control upon b) @
mixing of their acyclic and cyclic components in solution. ® © g 1
The occurrence of the threading process is evidenced by the aPF 4 o= 3 °@oﬁoﬁo 5
IH NMR and absorption spectfd.As a model system for ”) @ 2
2-CBPQT-4PE, we chose to investigate the complexation b 1Fast i
(Figure 2) of CBPQT* with 3 containing only a monopy- CRPGIMIT,
rrolo-TTF unit on its rod section. Mixing equimolar propor- G
tions of the semi-dumbbell-shaped compotfifi3 and the GREEN °©
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a TTF unit located inside CBPQ@T. A UV —vis dilution of 3 by CBPQT" in CDsCOCD; at 170 K was obtained.
experimen? was carried out to determine the binding The associatedAG° value is —3.2 kcal mot?! at this
constant for the 1:1 complexation of CBP&Twith 3 in temperature.

Me,CO at 298 K. The complexation &by CBPQT" was Mixing equimolar amounts of the semi-dumbbell-shaped
followed by correlating the maximum absorptions of the CT compound2 and CBPQ¥* in Me,CO leads to the formation
bands with the absolute concentrations of the comporiénts. (Figure 1b) of2-CBPQT4PR-GREEN, as evidenced by the
The binding constant (f which was calculated to be 1300 spontaneous production of a green-colored solution. The

+ 200 M! (e = 1310 L mof* cm™) in Me,CO at 298 K, UV-—vis spectrum (Figure 4a) recorded at 296 K in/3©
corresponds to a free energy of complexaéidn-AG®) of

4.2 kcal motf?. In the case of the 1:1 complex, exchange _
between the complexed and uncomplexed species occur

rapidly (Figure 3a) on théH NMR time scale (CRCOCDs;, 2.5+
1.5
xy-H )
a) 1.0 &
o-H -H
b 05
b) 0.0 4 ' . : . . .
400 500 600 700 800 900 1000 1100
A/ nm
) C+ uc 4xc Figure 4. Absorption spectra recorded in MO at 296 K on a

uc — uc 1:1 mixture of2 and CBPQT-4Pgimmediately after their mixture
(trace a), after 2.5 h (trace b), and after 24 h (trace c).

5 of this solution showed, immediately after its preparation, a
broad band centered on 805 nm as a result of the CT

Figure 3. Partial (cyclophane regiod NMR spectra (500 MHz) interactions that occur when CBP®Tencircle$ the TTF

of the complex formed between CBP¢Tand the semi-dumbbell  unit. Allowing the green solution to stand for 24 h at room

3 in CD;COCD; at (a) 300 K, (b) 255 K, and (c) 170 K. The  temperature produced a brown solution. The -LiNs

descriptions ¢ and uc refer to complexed and uncomplexed spactrum recorded (Figure 4c) on this solution revealed a

CBPQT* components, respectively. Spectra were recorded on a
1.73x 103 M solution of CBPQT* (equal to that oB). The ratio CT band centered on 805 nm, together wth the appearance

between the integrals of complexed CBP®BNd uncomplexed ~ Of @ shoulder at 540 nm, a feature which results from the
CBPQTP* was 4:1 in favor of the complexed CBP&Tat 170 K. DNP ring system being located inside the cycloph&ne.
indicates that a partial interconversion 2{CBPQT-4Pk:
GREEN into 2:CBPQT-4PE-RED has taken place. The
500 MHz) at 300 K. Thus, the chemical shifts of the observed kinetics of the movement of CBP®Tfrom the TTF to the
resonances are the average values between those for theNP recognition site were investigated using YVis
uncomplexed and those for the complexed species. Onspectroscopy. Immediately after mixing equimolar amounts
cooling the CRCOCD; solution down to 170 K, the kinetics  of CBPQT** and 2, a UV—vis spectrum was recorded
enter the regime of slow exchange and both complexed and(Figure 4a) and the movement of CBPQTrom the TTF
uncomplexed species can be observed (Figure 3c) iftthe  to the DNP recognition site was followed at 296 K using
NMR spectrum. The local asymmetry present in the monopy- the TTF—CBPQT* CT band (805 nm) as the probe. After
rrolo-TTF unit is responsible for the desymmetrization of 24 h, the system had reached equilibrium and no perceptible
the complexed CBPJUT ring. It results, for example, infour  changes were observed in WVis spectra recorded subse-
doublets (J= 6—7 Hz) being observed for the-bipyri- quently. The experimental data were subject to a first-order
dinium protons in3-CBPQT*. At 255 K, fast exchange is  analysié? and a rate constank (= 2.4 x 1075 s'%) was
reestablished (Figure 3b) between the complexed and un-gbtained for the passage of CBPTover the SMe group
complexed species. Figure 3c reveals that the cyclophanein the direction from2-:CBPQT4PR-GREEN to2-CBPQT-
protons show significant shifts in their resonances upon

complexation, an observation which makes it possible t0 (13 (a) Ashton, P. R.; Ballardini, R.; Balzani, V.; Boyd, S. E.: Credi,
determine theK, value at 170 K using the single-point A.; Gandolfi, M. T.; G.-Lopez, M.; Igbal, S.; Philp, D.; Preece, J. A.; Prodi,
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4PR-RED in Me,CO at 296 K. The corresponding free recognition site o2-CBPQT-4Pk were investigated using
energy of activatiol (AGY) for this co-conformational = UV—vis spectroscopy. Immediately after isolation ?f

change is 24 kcal mot. CBPQT-4PK-RED, a UV—vis spectrum was recorded and
Thin-layer chromatography (TLC) of the equilibrated the passage of CBPQ®T from the DNP to the TTF
brown solution containin@-CBPQT-4PE-GREEN and2- recognition site was followed (Figure 5a—c) at 296 K using

CBPQT4PFR-RED showed-besides a yellow and a colorless the DNP—CBPQT" CT band (540 nm) as probe. After 24
spot arising fron2 and CBPQT", respectively—only ared  h, the system reached equilibrium and no perceptible changes
spot, thus indicating thaP-:CBPQT-4PE-RED may be were observed in UV—vis spectra recorded subsequently.
isolated as a rotaxane-like complex, whieCBPQT 4Pk As a consequence of the spectroscopic behavior, the color
GREEN dissociates into its components (i2.and CB- of the solution goes from red to brown. On carrying out a
PQT*) on the time scale of the TLC experiment performed first-order kinetic analysi&’ a rate constank(= 2.5 x 10°°
on silica gel. By employing flash column chromatography, s?) for the passage of CBP@Tover the SMe group in the
it was possible to isolate the red co-conforma®e@BPQT direction from 2-:CBPQT-4PE-RED to 2-:CBPQT-4Pk
4PR-RED. The UV~vis spectrum (Figure 5a) & CBPQT GREEN can be obtained. Th&G* valué? for this co-
conformational change is 24 kcal mél

In summary, a bistable supramolecular complex, based on
a ring component which threads onto a semi-dumbbell-
shaped component containing two different recognition sites
in a fast step to form initially a kinetically labile [2]-
pseudorotaxane, before progressing more slowly onto form-
ing a second more kinetically stable [2]pseudorotaxane, has
been characterized. A “speed bump” in the shape of a
thiomethyl group has made it possible to isolate the second
of the two [2]pseudorotaxanes, establishing that it has some

[2]rotaxane character to it. The unique properties of this
0'0460 e B . Bho. Bom oD Tiko blstal_JIe c_omplex make it an attract_lve ca_nd|date for incor-
A/nm poration into redox-controllable, piston-like, motor mol-

_ ) ) ecules, as well as other kinds of artificial molecular
Figure 5. Absorption spectra recorded in MO at 296 K on machineny4
2-CBPQT-4PR-RED immediately after its isolation (trace a), after '
4 h (trace b), and after 24 h (trace c).
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