JIAICIS

COMMUNICATIONS

Published on Web 03/23/2002

Reversing a Rotaxane Recognition Motif: Threading Oligoethylene Glycol
Derivatives through a Dicationic Cyclophane

Sheng-Hsien Chiu and J. Fraser Stoddart*

Department of Chemistry and Biochemistry, bisity of California, Los Angeles, 405 Hilgardvénue,
Los Angeles, California 90095-1569

Received December 4, 2001

Although rotaxanéscan now be obtained efficiently using  Scheme 1

template-directetprotocols that rely upon supramolecular assis- +

tance to covalent synthesighere are still a limited number of BOC

recognition motifs that can be exploited for the preparation of these
interlocked molecular compourtisvhich hold out h Ha - Nart/THE
erlocke olecular compourfdsvhich hold out so muc Hp 2,0 2 TFAJ CH.CI
promisé for the fabrication of actuators, amplifiers, motors, sensors, 5 NH.PF /ZH é
and switcheat the nanoscale level. Here, we report our recent c - T e He H; Hg Hy,
success in reversing an already well-establiShecbgnition motif- Hy +NHy  HoN + + /-('\ /—)'\ >—<§§—(
namely, one in which Nk centers in the rod sections of the 0,0)0
dumbbell components of the rotaxanes are encircled by macrocyclic, pg,- 3-2H-2PF4

polyether components.

Certain rodlike components, containing appropriately spaced PhgP+ ' !
NH," centers, are knowinto form 1:1 complexes, both in solu- Hg 1. PPhg in CDgNO, / CD4CN (4:1)
tion and in the solid state with bisparaphenylene[34]crown-10 252:
O

(BPP34C10). In addition, we have recently repcttbdt BPP34C10 :C 2. NH4PFg/ Hz0

can encircle a dicationic cyclophane in which two dibenzylammo-

nium ions (DBA") are joined through the para positi_ons on their O+NH20H2N+O .

phenyl rings by—CH,CH,— units. In the course of this research, 2@{ ?gol HF ph3 o’to”)‘o’_@ppm

we have discovered that a slightly larger dicationic cyclophane, s

where the two cross-DBAlinks are —CH,OCH,— units, can be

threaded by molecules that contain oligoethylene glycol chains, +PPh

resulting in the formation of 1:1 complexes of the [2]pseudorotaxane 58°/ 3

type. In essence, the original recognition motif (Figure 1) has been

turned simultaneously outside-in and inside-out, a fact that has been3-2H". Accordingly, the dibromidet was prepared by reacting

proved beyond any doubt by the stoppering of both ends of the (NaH/DMF) hexaethylene glycol with a 5-fold excess of 1,4-bis-

rod component in the [2]pseudorotaxane to give a stable [2]rotaxane.(bromomethyl)benzene. Whe2H-2PF; and 4 were mixed in
equimolar (10 mM) amounts in GINO,, dramatic shifts were

5-2H-4PFg HH 4PFs  62PFy 2PFg

[2]Rotaxane —» observed (Figure 2b) in théd NMR spectrum recorded at 298 K
— for the signals associated with the @ and CHO groups, as
compared with those recorded for the relevant groups in the free
cyclophane3-2H:2PF (Figure 2a) and in the free dibromide
i i i [+
i |:> e (Figure 2c). Not only is the signal for the GN*™ protons Hg)
: H (X 2 (a) H "
H d
1 i L
T—— [2]Pseudorotaxane ! i
) . . (b) / N ACHO O O O
Figure 1. Reversal of a recognition motif at the [2]pseudorotaxane level ' AN
and the subsequent trapping of it as a [2]rotaxane. ” ‘ I  E—

When the diol11° was reacted (Scheme 1) with the dichloride
211 at high dilution in THF under basic conditions (NaH) and the (c)

product was subjected to Boc-deprotection (TFACH), followed ’ }H He—;Hh _
by counterion exchange (NRFs/H,0), the dicationic cyclophane e
3-2H-2PF; was isolated in a yield of 15% overall. An inspection M (.

of space-filing molecular models suggested that a hexaethylene 75 70 65 6.0 55 50 45 40 35 50 o

glycol chain provides an appropriate number of acceptor oxygen Figure 2. H NMR spectra (500 MHz/CENO,/10 mM/298 K) of (a)
atoms to allow it to form the maximum number of hydrogen bonds  cyclophanes-2H-2PF;, (b) a mixture of cyclophang-2H-2PF; and thread
with donor hydrogen atoms on each of the two NHenters in 4, and (c) thread!.
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shifted upfield by 0.34 ppm, but the “tight” multiple® (3.50— conjugates with biologically active molecules, the ability to adorn
3.65) for the six constitutionally heterotopic pairs of O{tlotons them with positively charged beads is an attractive proposition.
within the three different-OCH,CH,O— units of 4 is dispersed

O.Ut over a wide chemical shift rangé g.70-3.80), revgahng i.i” discussions and both the National Science Foundation (CHE-
six signals well-resolved from each other. The chemical shifts of o
; 4 ; 9910199) and the Petroleum Research Fund, administered by the
the signals for both the CiI™ and CHO protons are highly
American Chemical Society, for generous financial support. This
temperature dependent. Raising the temperature decreases com-
material is based upon work supported by the National Science
plexation, while lowering it increases complexation. WHdrNMR Foundation under equipment arant no. CHE-9974928
titration experiments were carried out at 298 K in 8@, with quip 9 ' '
the three most high field Ci proton signals as probes, an average Supporting Information Available: Experimental details for the
binding constant of 2908 750 M-! was obtained! To establish synthesis of all new compounds afd NMR, *C NMR, and mass
the existence of the [2]pseudorotaxa®@Ht>4 in solution, an spectra (ESMS and FAB) of the [2]rotaxaBe2H-4PF (PDF). This
excess of PPhwas added to a solution (MeNMIeCN, 4:1) of material is available free of charge via the Internet at http://pubs.acs.org.
3-2H-2PFK (150 mM) and4 (50 mM), according to a literature
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