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Recently, much attention has been focused on design and

synthesis of interlocked molecules, such as rotaxanes and cat- OH jp; OH n=7  6-TsO-p-CD
enanes, because of their unique structures and propeHiest—

guest interactions are used for efficient preparation of such lNaO*(‘“T——R | DMSO. 80°C. 12248
interlocked molecules. When a guest group is covalently attached 0 R

to a cyclic host, the molecule may form an intramolecular
complexX or intermolecular complexégo give supramolecular
polymers. When supramolecular polymers are treated with bulky
stopper groups, they may form poly[2]rotaxanes, daisy cHains.
Now we found that a cyclodextrin derivative which has a
cinnamoyl group as a guest part on the 6-position of cyclodextrin

forms an oligomeric supramolecular structure in aqueous solutions R= ;CHZ,CHZQ n= z-gygg-a-gnn
and that the supramolecular structure could be stabilized by n=7 -HyCiO-g-
attaching bulky stoppers to give the cyclic trimer of [2]rotaxane, —CH=CH @ n= 6-Ci0-0-CD
daisy chain necklace. n=7  6-CiO-p-CD
We chose cyclodextrin (CD) as a cyclic host and a phenyl group _CH:CH_@NHZ b6 64AMCIO-a-CD

as a guest moiety because a phenyl group is suitable for fitting

in a cyclodextrin cavity. However, benzoyl CD did not form

supramolecular polyme#fsThis result suggests that some spacer and ethyl cinnamatgjn which 3-CDs form a layer structure. In
groups are required for efficient formation of intermolecular contrast, 6-CiQa-CD is soluble in water. ThéH NMR spectra
complexes. Therefore, we tested a hydrocinnamoyl group as aof 6-CiO-a-CD in D,O are similar to those of methyl cinnamate
guest moiety. However, 6-hydrocinnamgkyICD (6-HyCi3-CD) (a model compound) in the presenceoeCD, indicating that a
formed an intramolecular complex and 6-HyGiGED gave only cinnamoyl group is included in the-CD cavity. The'H NMR
weak intermolecular complexes. So we have decided to usespectra are dependent on the concentration, although those in
cinnamoyl derivatives as a guest because cinnamoyl derivativesDMSO-ds are independent of concentration. The ROESY spectra
have a rigid carboncarbon double bond. The synthetic route is of 6-CiO-0-CD in D,O showed NOE between phenyl signals and

shown in Scheme 1. the inner protons of CD. These results indicate that 6-&iOb
6-Cynnamoyl 5-CD (6-CiOf-CD) is sparingly soluble in forms intermolecular complexes in,© solutions.

water, although most of 6-substitutgeCDs are soluble. However, Therefore, we measured the molecular weight of 6-G+GD
6-CiO-3-CD is solubilized in water on the addition qgf- using vapor pressure osmometry (VPO) at various concentrations.
iodoaniline orp-iodophenol which can be included in/CD Figure 1 shows the results of the VPO measurements of the CD
cavity. These results suggest that 6-G€ED forms supramo- and their derivatives at various concentrations aft@an D,O.
lecular polymers in the solid state. The X-ray powder pattern of Although o-CD showed no concentration dependency of the
6-CiO3-CD is very similar to that of the complex betwegCD molecular weight, 6-CiQx-CD showed concentration dependence.
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Figure 1. Effects of the concentrations on the molecular weight-&D HO—OH
(a, ®) and 6-CiOe-CD (b, m) observed by VPO in water at 4C. b) 6-4TNBAmMCiO-a-CD b
monomer \M
Scheme 2
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NG, Figure 2. 1H NMR spectra of 4sTNBAmMCiOMe (a), 6-4TNBAmMCIiO-
_9_CH=CHQ$3:MOZ a-CD monomer (b), and 6-4TNBAmMCi@-CD cyclic trimer (c) in O

o o at 30°C.

’ or higher aggregates. This result clearly showed that the product

I is a cyclic trimer. When the reaction was carried out in the

— @) presence 3 M excess ofp-iodophenol, the product is only the

- monomer, 6-4-TNBAmMCiQx-CD (Scheme 2). These results

\\ indicate that p-iodophenol inhibited the formation of self-
6-4TNBAmMCiO-u-CD___| L 64TNBAmCiO-a-CD___ | assembling supramolecular structures. The ROESY spectrum of
Cyclic trimer Monomer the cyclic trimer shows cross-peaks between phenyl protons close

. . to an amino group and secondary hydroxyl groups (O(2)H),

When 6-4AmCiOe.-CD (40 mM) was treated wiit2 M excess  jngicating that a trinitropheny! group is located at the secondary
2,4 6-trinitrobenzenesulfonic acid sodium salt (TNBS) as bulky -y qroxyl group side. A proposed structure of cyclic trimer (a daisy
stoppers in aqueous solutlons.(Scheme 2), Fhfe solution became;jy4in necklace) isolated is shown in Scheme 2.
turbid and the product was obtained as a preC|p|tate.1FHH¢MR . Detailed structures and their dynamic aspects are now being
and TOF mass spectra showed that the crude product is ma'nlyinvestigated and the results will be published later.
a cyclic trimer with a small amount of cyclic dimer and monomer.
The product was purified by column chromatography on DIAION Supporting Information Available: Experimental details (PDF). This
HP20 followed by chromatography on TOYOPEARL HW-40. material is available free of charge via the Internet at http://pubs.acs.org.
The product was characterized by bYVisible absorption, FT IR, JA0018264
IH NMR, C NMR, 2D ROESY spectra, and MALDI TOF mass ST — TPREY YT S
spectre? The*H NMR spectra showed that the product does not (¢ c))y}YgL_'gD']'m((‘i;c%/gf;%ﬁ(?gg% 5014 C(D]S»).iné'Ig': robenzaminoicin
have a nonincluded cinnamoyl group and that each peak is pmsod, 270 MHz): ¢ 10.26 (s, 1H, PRNH=Ph), 8.9 (s, 2H, H of
broadened (Figure 2). These results indicate that the product is a;igiﬂopg%nyg“?.sf&%.?s 63|g’2%r?$H=i5?gdez_qlgf pgeHnyI():,o7_.§55(cg4f
polymer or a cyclic compound. Therefore, we measured the /-5 1z, 2M1, 3-fi of phenyl), ©. ~ 2.8 Az, 1h,=LH~— »
MALDI TOF mass spectra and found a signal with the mass of ghldzg(%),ﬂz(;!’ao_gg; iﬁgfg?z)g (m:{‘co?,)ér?é%gvtgée,%bl‘?&z%ﬂ'&_%(g))!—"

the cyclic trimer, 4009 (trimet- Na"), and no peaks due to dimers IR (KBr, cm2): 3394 (vs,von), 2932 (vS,vc), 1715 (S,vc—o), 1338 (S,
V(c=0)-0), 1151, 1076, 1029 (v¥'c-0). MALDI-TOF-MS 4009 [cyclic trimer

(8) (2) Mirzoian, A.; Kaifer, A. E.Chem. Commun1999 1603. (b) -+ NaJ'; Anal. Calcd for (GiHesN4O37)3-17H,O: C, 42.80; H, 5.59; N, 3.91.
McAipine, S. R.; Garcia Garibay, M. Al. Am. Chem. So0d 998 120, 4269. Found: C, 42.44; H, 5.09; N, 3.89.




