J. Am. Chem. So@000,122,3797-3798 3797

An Electric Trap: A New Method for Entrapping < —— — -
in i 2100 e

Cyclodextrin in a Rotaxane Structure o . 1

c N T DR S e

Yoshinori Kawaguchi and Akira Harada* o 80 - §;<<><> -0

°R : O QLT O ]

Graduate School of Science - o 1

Osaka Uniersity 3 E 60 - oL F100 T = ]

Toyonaka, Osaka 560-0043, Japan ‘5’ e C o S0 . 1

: O % 40 - &5 §§ 60} -

Receied December 14, 1999 Qo C > 85 ! ]

— - <> 8% O e 7

Recently, much attention has been focused on some interlocked o 20 _—g<>' E 2:{_ e 7

molecules, such as rotaxanes and catenanes, because of their g % 0 10 Tn KT )o 50 60 4

unigue structures and propertieRotaxanes have been prepared o | )¢ S B — PN B

by threading a ring onto an axle and then closing the end groups 0 200 400 600
using bulky stoppefs or by slipping a ring into a dumbbell struc- Time (mm)

ture? In either case, bulky stoppers are required for the imprison-
ment of a ring molecule into a dumbbell structure. Now we have Figure 1. Time dependency of degree of complex formatior28{(0),
found a new method to entrap a ring molecule on an axle by 3" (&), 4"(@), and5**(C) with a-CD. Degrees of complex formation
using repulsive forces between end groups and a ring molecule.2€ calculated from the ratio of the new spht NMR signal (complexed
We chose cyclodextrin (CD) as a ring component for the species) to_the originatH NMR 3|g_nal (free spe_ues) assignetl

construction of a rotaxane structure because CD has a hydrophobiéﬁ -prgt_onezm dggféamethylene chain) at alkanediyl compounds (mea-
cavity? A dodecamethylene unit was used as an axle because it ured in RO at )
can be included in a CD cavity. When-CD was added to a

D,0 solution of dodecamethylenediamihgtheH NMR spectra
a new set of split signals of each methylene proton along with
the original signals, indicating that exchange between complexed A
and free species is slow on the NMR time s¢dfl@hese results

If there are some more cations at both chain ends, what will Figure 2. *H NMR spectra (270 MHz ) oR** in the absence (a) and
happen? To check the effects of the number of cationic speciesPresence (b) g8-CD, of 3** in the absence (c) and presence (dj«2D,
on the mobility of CD, we studied the complex formation of CDs and of5°" in the absence (e) and presence (fpe€D in DO at 30°C.

'cuzcuz(cnz)acuz <:|~|2
showed that the peaks assigned to the methylenes located at the
o-, andg-positions from both amino end groups shifted to upfield
and others shifted to downfield with broadening. This result
indicates that there is fast exchange between complexed and free
species on théH NMR time scale. Addition ofx-CD to a DO
suggest that cations stabilize anCD—dodecamethylene chain
with 22*, 3%, 44t and5%". The'H NMR spectra of these cationic

solution of dodecamethylene diammonium dichloride caused
complex. 5 (ppm)
R-CHpzR

o, w-alkanediyl compounds in the presencexe€D showed new
splitting signals, showing that all these cationicw-alkanediyl
compounds can form stable complexes witlCD. While we were

1 :R=NH, measuring théH NMR spectra of thes®" in the presence of
- . . o-CD, we found that théH NMR spectra changed with time. It
1°7:R=N"Hy-Cl took a day to reach equilibrium. The mixed solutionsoe€D
2+.pt “Br and other alkanediyl compounds reached equilibrium during
2 :R="NO~-(N - Br sampling for'H NMR measurements. Figure 1 shows the time
34 : R="ND~ON*-CH; - 2Br course of the degree of complex formation of alkanediyl

compounds in the presence of 1.5 M excasSD after mixing
a-CD solution and the solution of alkanediyl compounds. The
degree of the complex formation was calculated from the ratio
of the splitting new signal to the original signal. This additional

4+ : R="NO~ON*-CH,CH,0H - 2Br
56+ : R="NO~(ON*-CH,CH,N*H, - 3Br
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delay of the complex formation betweerCD and5°" is thought

to be caused by the third charge on both end groups, which is
the only difference betweestt and4**. This result shows multi-
cationic groups inhibit the penetration of-CD through this
cationic group. When the equilibrated solution56f anda-CD

was diluted with RO, the'H NMR spectrum did not change for
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Figure 3. Schematic representation of the rotaxane structure.

several hours, indicating that the rotaxane structure did not changebecause all of these alkanediyl compounds can form complexes
during the period. This result shows multi-cationic groups stabilize with o-CD, but only due to the repulsive interaction between
the rotaxane structure due to the inhibitionoeCD to come out /-CD and multi-cationic end groups. On the additionye€D,
through this cationic group. methylene signals of all alkanediyl compounds could not show
More dramatic effect is observed on the addition3e€D to any changes (data is not shown).
?queous solutions cialk_anedlyl compcjfnd_s. Figure 2 shows the |, conclusion, we found that the complexes between CDs and
|;|+NMR spectra o*" (Figure 2a, 2b)3*" (Figure 2¢, 2d), and  cationica, w-alkanediyl compounds are stabilized by the increase
5°" (Figure 2e, 2f) in thf' absence and presencg-GD. There in the number of cationic species (Figure 3). Thus, multi-cationic
are no changes in the** methyle+ne signals on the addition of .6, h5 could be used as a stopper of rotaxane, which is thought
f-CD, but methylene S|gnal§r & show broadening. Further- ;e 3 novel type of stopper. Now we are studying the complex
more, methylene signals & show splitting. Although3-CD formation of various multi-cationiex, w-dodecamethylenediyl

itR2+ i itl34+
cannot form a complex witd™", it can give a complex W't.h-; compounds with CDs and the structures and stabilities of the
with fast exchange between complexed and free species on the

NMR time scale and can form a stable complex viith, These complexes in detail. The details will be published later.
behaviors are not due to the steric hindrance of both end groups,JA9943647



