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The study of mechanically interlocked molecdl@s the form Scheme 1 Final Steps in the Syntheses of the Switchable Bistable

of bistable [2]catenan&and [2]rotaxanésand their incorporation ~ Neutral [2]Rotaxanes 1 and 2
ultimately into molecular machingésand switches has been

advancing apace in the past few years. Examples of the attachment st N o o o

of such molecules to surfaces have already been repoated the R m** NNV

development of molecular actuatbPs and switche&>8in devices ©

is well underway. Not only is the structural compleRif these

molecules on thg increase,y but also the degree of fontrgfis becoming® CHC"I;ME’OH P Hae ("%’E 4 CHc(léézriﬂ)EOH

more precise and predictable, whether ligH,electricity!! or 52%) aor Har Grubby satalyst

chemical81213are employed as the stimulus. Hab Y
One of the most common methods of controlling switching in So_o_ o Xq = S(CH~ =/

bistable catenanes and rotaxanes is by ion-induced co-conforma- x;=X; = —_A"— ‘IL

tional change$? Sauvag® has demonstrated remarkable control

X5 = —=(CHa)g=a,—/—
of mechanical movement in exquisitely designed molecules using O@Q&,\
Cut/Cuw?* ions. While the UCLA group has employed variations b o o o
in pH (base/H) to switch off and on the binding of dialkylam- & ;’_81@-«%1’:
) O

N
monium centers to crown ethers in bistable interlocked molecules, )
the Cambridge group has udéd.i* ions to control mechanical @@

motions in neutral pseudorotaxanes. Here, we report the template- ~
directed synthesé&sof two neutral bistable [2]rotaxanes and the

Column
Chromatography

0,

use of Li* ions and [12]crown-4 to effect their switching between @SQ\?’\
two states in solution. 0, ® 00, 0, o
Utilizing the neutral donotracceptor recognition systéfnde- R MN
veloped by the Cambridge group, two bistable [2]rotaxahaad g ° o o
2 were designed and made. They both incorporate 1/5SDNP38C10 @h_)
(Scheme 1), with its twar-electron rich 1,5-dioxynaphthalene ring
systems, around their dumbbell components, wherein pyromellitic
diimide (Pml) and naphtho-diimide (Npl) are present as the two
competingr-electron deficient units for interaction with the crown
ether. Recognition is achieved by a combinatfoof [7+:-7]
stacking and [&H---O] interactions and is expect¥dto be
expressed in the form of a preference for 1/5SDNP38C10 to encircle
the Npl unit in both rotaxanes. Addition of Lions should lead to
the formation of strong 2:1 complexes with the translational isomers
in which the 1/5DNP38C10 ring encircles the Pml units, ensuring
that the initial preference is reversed. In the knowlédgeat [12]-
crown-4 is a very strong sequestering agent for ibns, we have
all the ingredients at hand to render bdthand 2 chemically
switchable in organic solvents.

The template-directed synthe¥esf 1 and2 from their immedi-
ate precursors were both achieved (Supporting Information) under X .
therFr)nodynamic contretl by slippag(é2 i?lpCHC?g/MeOH (95:)5) the Npl unit 6.: 8.17 ppm), ar_ld th? _Pml uni (= 8.21 ppm) are
at 60°C of 1/5SDNP38C10 over the appropriately chosen stoppers present_: no s_lgngls c_ould be identified for free Npl a_nd encircled
on the preformed dumbbell compound in the presence of an exces?ml_ 9“"5- This 3|tuat|on_ was reversed completely (Flgur_e 1b) on
of LiBr and 2 by dynamic covalent chemist&,employing olefin addition of at least 2 equiv of LiClgto the NMR tube: the signals

metathes® performed on appropriate half-dumbbell compounds gt&sé% angiﬁn I;)Ft):rcr)]rizzggsargigdaafgiwl\ﬁ?tﬂgr;\?:asc?b:erve q
carrying terminal alkene functions for reaction with the second- ) !
ying leaving the signal for the Pml unit now encircled by 1/5DNP38C10

t University of California, Los Angeles. obscured by other aromatic signals somewhere in the regjien
+University of Cambridge. 6.5-7.5 ppm. Qualitatively, the origindH NMR spectrum was

1 X, =(CH)s R=CHMe, 2 X, = (CH,)g-CH=CH-CH, R =CMe;

aTwo different template-directed approaches were used in the final steps,
i.e., namely slippage (A) or dynamic bond formation (B).

generation Grubbs’ cataly4tin CHCly/MeOH (98:2), also in the
presence of an excess of LiBr. Both bistable [2]rotaxanes were fully
characterized following purification by column chromatography on
SiO, using CHCYEtOAC (8:2) as the eluent.

IH NMR spectroscopic studies were carried out in solution on
both1 and2 to ascertain if the preferred translational isomers were
indeed those with the 1/5DNP38C10 ring encircling the Npl units.
Within the limits of detection £3%) afforded byH NMR
spectroscopy, the anticipated outcome was observetifoCD,-
Cl,/CD;COCD; (4:1) and2 in CDCIy/CD;0OD (98:2). ThetH NMR
spectrum ofl reveals (Figure 1a) that the signals corresponding to
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Figure 1. Partial'H NMR spectrum recorded at 600 MHz afin CD»-
Cl,/CDsCOCD; (80:20) at 273 K in (a) the neutral ground state, after (b)
addition of excess of LiCl@ and after (c) addition of excess of [12]crown-

4. Signals corresponding to the free and encircled Pml and Npl units are
labeled to show that the crown ether macrocycle moves from the Npl unit
to the Pml unit in the presence ofLions and back to the Npl unit after
the Lit ions are removed with [12]crown-4. Peak labels are defined in
Scheme 1.

regenerated (Figure 1c) by addition of a large ex&exg12]crown-
4: the two signals corresponding to the encircled Npl udit
8.16 ppm) and the free Pml unié (= 8.20 ppm) were slightly
shifted with respect to their chemical shifts in the starting spectrum
(Figure 1a). Similar results were obtained (Supporting Information)
for 2 using LiBr as the Li ion source and aqueous extraction of
the sample to return this chemical switch to its original state.
We have demonstrated the reversible chemical switching of a
pair of neutral bistable rotaxanes. Currently, we are investigating
the ability of similar compounds to undergo electrochemical
switching in solution with every intention of introducing them into
solid-state molecule electronic devieésit a later date.
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