Making Linear Molecular Machines
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A [2]Rotaxane as a Molecular Machine
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1. Synthesis of the Hydrophilic and Hydrophobic StoppersE 5. Prevention of Shuttling in an Amphiphilic Bistable [2]Rotaxanes

nm{}cqm 2 The two [2]rotaxanes 1-4PF, and ll4PF, were isolated as brown solids.
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“The same investigations were carried out for Ill«4PF with identical resuts
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2. Synthesis of an Amphiphilic Single-Station [2]Rotaxanel®! ) )
Y phip 9 (21 6. Synthesis of a Fast Bistable [2]Rotaxane
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3. Synthesis of a Slow Bistable [2]Rotaxanel! R "
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“The fast [2Jrotaxane IV-4PF was isolated as a pure brown solid.

S o W VO o ""‘Fﬂ'@%@n ( )
L e Y @) we_p_p< MQJ@J AL >
e e, 6~ .@@@ : Y. S

Characterization by fast atom bombardment (FAB) mass spectrometry
M- PEJ, (M-
2PF,J', and [M - 3PF]" ions, as well as the double positively charged [M -
2PFJE", [M - 3PF,J%, and [M - 4PF]* ions.
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7. Fast Shuttling in an Amphiphilic Bistable [2]Rotaxane
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. a) 2) The 1H NMR spectum (a slected sectionis shown)
b) o NetPh recorded n Co.ON ot 300K showed e
iplts (3= 5.78 and 5.91 ppm) an two doublts (3 =
g VU@4 612an06.24 ppm, which can be assigned to the DNP
+ Sy 7 andthe DNPH.2I protons n V4P ARED, and
H Y, a AB system (5 = 6.30 and 6.32 ppm) which can be
assigned o he pyrolo rotons i 4PF <GREEN
J Futhermore, our sinles e observed i region
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| g ACH,O protons n the hydrophiicstopperin
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‘The two isomers +4PFGREEN and I+4PFRED were separated i
1PERED.
o by preparative thinlayer chromatography .
y prep e graphy. sk = g g IVeaPFRED (5 = 4.71 and 4.86 ppm) and

IV+4PFGREEN (5 = 4.79 and 4.89 ppm). From
integration it was estimated that the two stable
ranslational isomers were present in a ratio of 1:1.
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b) A variable temperature *H NMR spectroscopy.

a) T b) 2 - investigaton of Ve4PF in CD.CN revealed that at low
se || temperatur (240 K) the major translational isomer is
I = = =k s IV4PFRED, whereas IV-4PF+GREEN is the major
swe c) isomer at high temperatur (345 K).
¥ r ) From integration of the signals in the area between
ey e S, G ERRIS ), T o ftna, 45:5.0 and 6.0-6.4 ppm, the temperature controlled
a0 . variation of the population of the two translational
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a) The H NMR spectrum recorded at 298 K in (CD;),CO showed two sigets at 6 = 2.64 and 2.47, which can be assigned (o the SMe . . . .
resonances attached to the TTF unitin 1-4PF~GREEN and I+4PF+RED, respectively. The ratio of the two ranslationalisomers was P "R P PR A )
estimated to be approximately 1:1. Tk
£ Th 1 NMR sy of P RED s ocn £ 290K 1 (GO0 shos, oo 34 o e S rtns .
= 2.4 300 K and the shuttling of CBPQT** from the DNP recognition H
e bR TTEeeogio e n AP GHEEN was ol i e S esrarce s rowe. At S5 8. Conclusions
300K, the system had equilbrated and a 1:1 mixture of -4PFRED and 1-4PF-GREEN was re-established. By employinga first-
orderkinetic reatment a rate constant of k = 2 x 10 s was obtained fo the siippage of CBPQT over the SMe group, in the
direction from +4PFsRED to 1+4PF -GREEN. free energy of for th 4 keal mol-. 1) We have devised  four 2] . comprising two different recognition sites — a monopyrrolo-TTF
For the slippage of CBPQT* in the direction from I+4PFsGREEN 10 I/4PF+RED k = 3 x 104 51 and AG* = 22 kcal mol was obtained. unit and a DNP ring system — for CBPQT*"
2) The steric the two Shutile +4PF has made it possible o isolate the translational isomers
) The UVIVis spectrum (curve &) recorded in Me,CO show a broad charge-transfer (CT) absorption band centered on 805 nm (s = B R oy o i g o the the
810 M1 cm)-which is characteristic of co-conformations®l containing a TTF unitocated ‘inside’ CBPQT*—and a CT absorption
band observed as a shoulder at 540 nm (s = 810 M cmr?) the DNP moiety the 3) The steri from the SEt and SPr between the the two in the [2lrotaxanes ll-4PF, and Ill-4PF, prevented shutting of the tetracationic:
brown 1+4PF sGREEN and 1-4PF,+RED. The red curve (curve b) Cclopnane betueen he e recognton tes
Tepresentthe pure somer h4PFRED. The green curve (curve ) represent ihe pure somer 4PFGREEN. Aloving th ed soluen 410 he fastmolecular N Inserton of a planar pyrrole molety, instead of a bulky S (or SE1,
of 4PF, to stand for 24 h at 2 origina” spectrum (curve d) SPY) 85in -4 botwsen o DNP e lccugnmon stes,This erchang esls na considral aster shutingof CBPQT™ betusenth w recogion et maing e separaion
u e major isomer is
Ve APF;RED whereas at mw-cr temperature (330 K) e ma‘ur isomer is IV+4PF:GREEN.
5) The switching of the new amphiphilic [2]rotaxanes by electrochemical stimuli (i.e. oxidation of the TTF unit) is currently being assessed, together with their ability to self-organize into
400 500 WD} ) 00 a0 900 monolayers as a prelude to their introduction into devices.
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