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ABSTRACT

A polyrotaxane containing f-cyclodextrins has been prepared by photoreactions of a precursor complex between f-cyclodextrin with poly-
(propylene glycol) having a triphenylmethyl group at one end and a 2-anthryl group at the other end.

In recent years, polyrotaxanes have attracted much attentiorn-CD-poly(ethylene glycol) complexes, in@seudo-poly-

as new polymeric materials in which many cyclic molecules rotaxane structure, with covalently bound stoppefe

are mechanically incorporated onto a polymer chain. incorporation of CDs into polyrotaxane is important, because
However, only a few groups have succeeded in preparingCDs have well-defined cyclic structures and thereby poly-
new polyrotaxanes because of the synthetic difficulty. rotaxane-containing CDs should have distinct functions.
Gibson? Ritter? and Stoddaftet al. prepared crown-ether- However, it is difficult to prepare polyrotaxanes containing

based or cyclodextrin (CD)-based polyrotaxane using po-
lymerization of 1:1 or 1:2 inclusion complexes, whereas we  (3) (a) Born, M.; Ritter, HAngew. Chem., Int. Ed. Engl995,34, 309.

preparedo-CD-based polyrotaxanes by capping ends of (b) Born, M.; Koch, T.; Ritter, HMacromol. Chem. Phy4.995 196 1761.
(c) Noll, O.; Ritter, H.Makromol. Chem., Rapid Commut096,17, 553.

(d) Born, M.; Ritter, H.Makromol. Chem., Rapid Commut896,17, 197.

(1) (a) Gibson, H. WRotaxaneslLarge Ring MoleculesSemlyen, J. (e) Noll, O.; Ritter, H.Makromol. Chem., Rapid Commut997,18, 53.
A., Ed.; Wiley: New York, 1996; pp 191262. (b) Harada, ACyclodex- (f) Jeromin, J.; Ritter, HMacromoleculesl 999,32, 5236.
trins, Large Ring MoleculesSemlyen, J. A., Ed.; Wiley: New York, 1996; (4) (a) Chiu, S. H.; Rowan, S. J.; Cantrill, S. J.; Stoddart, J. F.; White,
pp 407432. (c) Hubin, T. J.; Busch, D. HCoord. Chem. Re 200Q 200— A. J. P.; Williams, D. JChem. Eur. J2002,8, 5170. (b) Elizarov, A. M.;

202, 5. (d) Cantrill, S. J.; Pease, A. R.; Stoddart, J. Ehem. Soc., Daltons Chiu, S.-H.; Glink, P. T.; Stoddart, J. Prg. Lett.2002,4, 679. (c) Chiu,
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ed.; Semlyen, J. A., Ed.; Kluwer Publishers: Dordrecht, 2000; p 415. (f) M.; Chiu, S.-H.; Stoddart, J. Kl. Org. Chem2002,67, 9175. (e) Chiu,

Harada, A.Acc. Chem. Ref001,34, 456. S.-H.; Elizarov, A. M.; Glink, P. T.; Stoddart, J. Brg. Lett. 2002, 4,
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Scheme 1. Preparation of}-CD-Based Polyrotaxane Using Photoreactions
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B-CD or y-CD, because their cavities are so large that it is penetratg3-CD andy-CD rings, showing thaT is suitable

difficult to find suitable stopper groups to prevent dethreading for stoppers of CD-PPG complexes as far as the size is

B-CD or y-CD. concerned. We planned to prepare CD-PPG polyrotaxanes
Now an alternative approach for the preparation of CD- by photodimerization of complexes (Scheme 1). Table 1 lists

based polyrotaxane using photoreactions is described (Scheméhe complex formation between CDs and PPG derivatives.

1). We had found that poly(propylene glycol) (PPG) formed B-CD did not slip over end groups &fPGT as a result of

crystalline inclusion complexes wiih-CD £ If the ends of ~ having the very bulkyl' stopper. Compount, which has a

CD-PPG complexes are able to be covalently blocked with bulky T stopper and @A photoreactive moiety, forms

bulky stoppers, noveB-CD or y-CD based polyrotaxanes ~ crystalline complexes wit[§-CD.

will be obtained. First, we tried to attach bulky stoppers to

CD-PPG ends using triphenylmethyl derivatives, fluores- _

camine, fluorescein isocyanate, etc. However, we could notTable 1. Complex Formation between CDs with PPG

obtain polyrotaxanes, probably because CDs dethreaded fronDerivatives

the polymer axle during the capping reactions. Therefore, X—(—CHZ—ClH—oan—CHZ—Cl:H— Y
first we prepared a precursor complex BfCD with a CHs CHs,
derivative of PPG having a triphenylmethyl group at one -

R Id (%
end and a 2-anthryl group as the other end. When the % M 10° yli (o)CDb
precursor complex was exposed to visible light, the photo- a-CD”  B-
dimerization of the 2-anthryl grodg took place and a PPGNH  HN- HaN- 2.0 0 63
polyrotaxane could _be obtair]ed. _ PPGT NH NH 25 0 <1

Molecular modeling studies showed that the size of O O
2-substituted anthracen2X) is smaller than that of the-CD @

1 O-NH- gu 24 0 15

and y-CD cavity. A triphenylmethyl groupT) does not O
O Q
(6) (a) Harada, A.; Kamachi, Ml. Chem. Soc., Chem. Comma@890, PPG9An 8 NH= 8 NH- 24 0 <5
1322. (b) Harada, A.; Okada, M.; Li, J.; Kamachi, Macromolecule4995
28, 8406. -
(7) De Schryver, F. C.; Anand, L.; Smets, G.; SwittenPdlym. Lett. 2 PPG, 10 mgp-CD saturated aqueous solution, 2.0 MIPPG, 10 mg;
1971,9, 777. B-CD saturated aqueous solution, 5.3 mL. The yields are calculated on the
(8) (a) Bouas-Laurent, H.; Castellan, A.; Desvergne, JP@e Appl. bases of 2:1 (monomer unit:CD) stoichiometry.

Chem.1980,52, 2633. (b) Desvergne, J. P.; Bitit, N.; Castellan, A.; Webb,
M.; Bouas-Laurent, HJ. Chem. Soc., Perkin Trans. 1988, 1885. (c)

Desvergne, J. P.; Bouas-Laurent, H.; Lahmani, F.; Sepidl,Bhys. Chem. . . .
1992,96, 10616. (d) Desvergne, J. P.; Gotta, M.; Soulignac, J. C.; Lauret, When 1 was mixed with aqueoug-CD solution, the

J.; Bouas-Laurent, HTetrahedron Lett1995,36, 1259. solution became turbid. The heterogeneous solution was
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diluted with distilled water and then exposed for 5 days to || GTGTcTNGEEE

visible light @ = 340 nm) using a 500 W Xe lamp and

appropriate cutoff filter. The solution was evaporated to

dryness, and the residue was precipitated from DMSO into -2
water and DMSO into methanol to remove fr8&CD and

PPG derivatives. The solubility &in DMSO is lower than

those of starting materials3 is insoluble in water and 2 3
methanol, wheregs-CD is soluble in water anil is soluble 2
in methanol. £
Figure 1 shows the SEC elution diagrams19f3, and %’
B-CD. TheY-axis on the left shows the degree (o) of the §
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Figure 3. H NMR spectrum of3 in DMSO-d; at 30°C.

optical rotation with the open blue circles. Ti¥eaxis on
the right shows the absorbance at 370 nm with the closed
red squares. Compour2ilwas monitored by both optical
rotation (CD active) and absorption (aromatic groups at PPG
ends),_s_howmg th"ﬁ_ consists of C[_) and end-labeled PPG. (g) preparation of 3. Compound (0.10 g= 1.7 x 102 PG unit mol)
In addition, the elution volume @ is smaller than that of VTVr?S added to A-CD _sattér?tecé a:jqueous ti:olution, 53bry§t-_C(DD_; (_JIiBS mmol).( 250

H H H H H H e mixture was stirred for ays to become turbid. Distilled water
the starting material, |nd|cat|r_19 that the size3is Iarger mL) was added, and the heterogeneous solution was exposed to visible
than that of the component. Figure 2 shows the fluorescencelight (1 > 360 nm) under vigorous stirring for 5 days. Precipitates were

spectrum of the2 complex. Compound did not show collected by centrifugation, washed with methanol and distilled water, and
P P P then reprecipitated from DMSO/water and DMSO/methanol to give pure

anthracene emission, ShOWing th2a groups in3 are 3. 'H NMR (DMSO-ds, 270 MHz): 6 5.71-5.65 (m, 14H, O(2)H and

In conclusion, we have succeeded in preparing a polyro-
taxane containingd-cyclodextrins by photoreactions of a

dmerzed by vabl g SRS ofes Lo B
. . - , 3.64—3. m, s , y ,an ,
Figure 3 shows théH NMR spectrum of3 in DMSO-d; 1.04 (M, 3Hx 7, methyl H of PPG). IR (KBr, cmt): 3412(vsyor), 2922,

at 30°C. By comparison of the integral of the C(1)H signal 2853(s,vcw), 1154, 1078, 1027(v8ico).
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precursor complex betweetcyclodextrin with poly(pro- open the way for interesting copolymers consisting.6ZD/
pylene glycol) having a triphenylmethyl group at one end PEO and3-CD/PPG in which the two cyclics are confined
and a 2-anthryl group at the other end. Dynamic behavior to their respective segments.

of the polyrotaxanes is now under investigation. This may OL0361608
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