
Temhedm L&am, Vol. 35, NO. 11. pp. 1773-1776, 1994 
Etswia Sciaxe Ltd 

RillhXlinGIC8tBIithl 
oo40-4039194 s6.oo+mo 

0040-4039(94)E0135-K 

Synthesis and Binding Properties of Novel Cyclodextrin Dimers. 

Fokke Venemap Chantal M. BaselIer,a Edk van Dienst,b Bianca KM. Ru@ 

Martinus C. Feiters,a Johan F.J. Engbersen,b David N. Reinhoudt,b 

and Roeland J.M. Noltea* 

a Department of Organic Chemiitq. NSRCenIer, University of Niimegen. Toernooiveld, 6525 FZD Niimegem. ‘Ihe Ne~hertands 

b Laboratov of Organic Cheanisuy, University of Twente, P.O. Box 217.7500 AE Enscbede. The Netherlands. 

Abstract: The synthesis of three cyclodextrin dimersfram the novel building block 3-amino-3-deoxy- 
heptakis(6-0-tert-buryldimethybilyl)-Bcyin is reported The cyclodextrins are linked with an amide 
bond on their secondary sides to an ethylene, octamethylene, or a metal binding bipyridyl group. Cornplexation 
studies with the substrate 6-(p-toltddino)-2-naphthalenesulfbnic acid are presented and discussed. 

In the last 15 years a number of cyclodextrin dimers have been prepared to investigate the effect of two 

covalently linked host molecules on the binding of guest molecules. These diem can be roughly divided into 

two groups: cyclodextrins (CD’s) that are connected by linking spacers at the primary sidet-7 and cyclodextrins 

that are COMwtCd through spacers at the secondary side. 3J.8 It has been shown that the binding constants of 

CD-dimers can be very large (Kt, > 10” M-1) if the substrate is chosen properly.6 

We are interested in the synthesis of CD-dimers for catalytic purposes by using the spacer to immobilise 

a catalytically active metal centre and the two cavities for complexation and co-complex&on of substrates. To 

achieve this goal it is important to develop routes that yield substantial amounts of well character&d host 

molecules which can be modulated without much changes in the synthetic concept. It occurred to us that 3- 

amino-3-deoxy-heptakis(6-O-tert-butyldimethylsilyl)-~-cylodextrin 5 would be a versatile building block to 

construct CD-dimers. The analogous compound 3-amino-3-deoxy-P-cylodextrin has been previously 

reported10 but the disadvantage of this cyclodextrin is that further functionalisation has to occur quantitatively 

since separation and purification of the product is difficult and scale limiting. In this paper we describe the 

synthesis of compound 5 which has been used to obtain three novel CD-dimers in good yields. The binding 

properties of two of the dimers are evaluated. 

P-Cyclodextrin I was silylated as previously described9 to give compound 2 in 82% yield.12 

Purification was achieved using column chromatography. l3 Deprotonation of compound 2 (which was first 

dried at. 100 Oc and 0.05 mm I-Ig for 5 hr) with NaH in refluxing THF, followed by reaction with tosyl 

chloride gave a mixture of the starting material and the mono- and di-tosylated products, which could be 

separated by column chromatography. This method yielded monotosylate 3 in 34% which is slightly better than 

a previously published procedure .9 Compound 3 was converted into the mono-epoxide 4 with sodium- 

ethoxide in refluxing dry ethanol. This epoxide was opened by nucleophilic attack from ammonia on carbon C- 
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3 using an anhydrous saturated solution of this reagent in ethanol and a pressure reactor (70 oC, 2 days, 

Pzt2atm.), yielding 83% of the mono-amino-cyclodext 5 after column chromatography. Compound 5 

could also be obtained by treating epoxide 4 with LiN3 in refluxing dry ethanol, followed by reduction of the 

aside group with Pd&Hz, 3 attn.)lC (yield 48% starting from 3). However, the Rrst described method provides 

a shorter route with higher yield and less placation steps. Compound 5 was desily~a~d with 
tetrabutylammonium fluoride (TEWF) in refhtxing THF yielding 3-amino-3-deoxy-&cyclodextrin which had 

nearly identical physical and spectroscopic da&t4 as the compound reported in the litm-ature. 

The cyclodextrin dimers were obtained by reaction of compound 5 with the Cnitrophenyl esters (or the N- 

hy~xysuccinimide esters in the case of 6~) of the appropriate dicarboxyhc acids, in reffuxing THF. 

Purification by column c~rna~~hy yielded 6n and fih in 76% and fit in 47%. ~s~y~tion of the products 

was achieved with TBAF in refluxing THF (reaction time 8 hr). After evaporation of the solvent the 

compounds were dissolved in a small amount of water and precipitated by addition of ethanol. Repeating this 

procedure twice gave 7a, b and c in good yields (95,88 and 67%). The dimers gave tH-. 13C-NMR spectra, 

and elemental analysis as expected.15 
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The binding properties of compounds 7a and b were studied by fluorescence spectroscopy. As a guest 

molecule 6-(p-toluidino}-2-naph~~~nesulfonic acid U’NS) was used. This probe is water-soluble and barely 

fluorescent in aqueous solutions but displays strong fluorescence in a hydrophobic environment. TNS in 
aqueous solutions is known to form 1:l and 2: 1 host:guest complexes with p-cyclodextrins and 1:l complexes 

with cyclodextrin dimersle as depicted below. 
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Fluorescence experiments were performed in 0.1 M phosphate buffer (pH =7-O), The fluorescence 

enhancement of TNS (1.10-5 M-l) on addition of various amounts of CD-dimer (5.10-e-2. 1O-4 M-l) was 

followed at the emission maximum (440 and 436 mu for 7a and 7b respectively, excitation wavelength 322 

fun). Both dimers caused a considerably larger increase in fluorescence intensity (IF) than compound 1 at equal 

concentrations of CD-moieties. Double reciprocal plots of the titration data gave straight lines (Figure 1). 

indicating that the dimer and TNS form 1: 1 complexes. This was confirmed by the continuous variation plots.8 

shown in Figure 2, which for both 7a and b displayed a maximum at 0.50. 
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Figure 1: Tiaation experiments of mmpomds 7a and 7b Figure 2 : Continuous variation plots for 78 ad 7b 

with TNS. ( mS] = 1 . 10m5 M-l) ( ~Sl+[dimer] = 2.104 M-l ) 

From the slopes and intercepts of the curves in Figure 1 the binding constants can be calculated. They 

amount to &,=(10.5 f 0.2) . 103 M-l and K&6.7 f 0.3) . 103 M-r for 7a and 7b respectively. These values 

indicate that a short spacer group results in better binding of the substrate, as was predicted from inspection of 

CPK-models. The binding constants are in the same order of magnitude &=8.103-7.104 M-l) as those 

reported in the literature for CD-moieties linked at their secondary sides via ester bonds16 or for CD’s lied 

via sulfur bonds17 at their primary sides. We may therefore conclude that them is not a large difference in 

binding properties when amide bonds are used instead of ester bonds for COMeCthg the secondary sides. 

The emission maximum (hFmax) of TNS provides information on the polarity of the environment of the 

probe, The AP,, values of the dimers 7a and 7b are similar to values reported in the literaturete for the 2: 1 

complex between TNS and &cyclodextrin indicating that the TNS molecule in both cases is bound to two 

CDs. The larger blue shift of hPmitx observed for compound 7b (hFmBx= 436 nm) as compared to 7a 

(hP -= 440 nm) suggests that the longer alkyl chain results in a more apolar.environment of the probe. 

The bipyridyl ligand in dimer 7c can be used to bind different metal centers. For example, we have 

introduced a rhodium metal center by treating 7c with [Cp*RhCl& in DMP resulting in compound 8 in 95% 

yield. Complexes of type 8 are currently tested as shape selective catalysts. 
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