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Abstract: The three mter-soluble tetraoxafn.l.n.l.lparacyclophanes 6a-g ware synthesized. 
Their aggregation behaviourwas studiedby H-NMP spectroscopy andli*tscattering;host- 
guest-interaction with hydrophobic guests was observed by fluorescence spectroscopy. 

Hydro@&ic interactionsareamajordriving force for substratebinding inmsnybio- 
1) logical systems . Thereisconsiderable interest in the designof water-solubleaacro- 

cycles of the paracyclophane type with hydrophcbic cavities of wall defined size and shape 

which allow the selective inclusion of apolar substrates in aqueous solution 2) . In this 

cormamication wa report on the synthesis and first investigations of the hydrophobic binding 

ability of a new series of macrocycles in which the guartMary amtcni~residues making the 

~lecules~ter-solubleatroantemperatureandneutralpHarelocated remote franthe 

cavity. Thus the cavity represents a hydrophobic binding site not perturbea by strongly 
hydrated ionic centers, as it would be the case if the guarternary nitrogens are located. in 

the macrccyclic skeleton. 
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N-Acetyl-4,4-bis(4-hydroxyphenyl)piperidine (1) 3, was obtained fm phenol and N-acetyl- 

I-piperidone in 76 % yield. Cyclization of & with 2n-5 [prepared fm & with the correspon- 

ding a,w-dichlorcalkanes, 80-88 % yield) in n-butsnol in the presence of sodim hydroxide 

provided the tetraom[n.l.n.l.]paracyclophanes &-g having the desired cavities [13-15 % 

yield]. Hydrolysis of the N-acetyl-residues using sodium hydroxide in 2-~Whoxyethanol 

afforded ig-g [78-94 % yield] and EschweilerXlarke methylation gave the N-methyl-cycles 

=%-E [60-90 % yield). 

Quarternization was achieved with msthylfluorosulfonate in chloroform [88 -95 % yield] 

and the water-soluble amnmium chlorides Ga-g were obtained in quantitative yield by ion -- - 
exchange chrcmatcgraphy. The macrccycles &-g are hygroscopic and crystallize with stoichio- 

metric amounts of water 4). For ccqxrison ccaqmmd 2 was synthesized in a similar way. 

The lH-NMl? chemical shifts of 52-r in D20 were fmnd to be strongly concentration 

dependent due toaggregatiou. Aplot of the lH -chemical shifts versus the cohcentraticm for 

& (Figure 1) shows marked upfield shifts with increasing c mcentration for hydrogen atcms 

close to the qa&emaq ammonium nitrogens, tiereas the hydrogens of the methylene bridges 

and the aranatic protons 8-H, 12-H, surrmnding the cavity, give chemical shift values 

passing through a minimm [for [go): -3 
(621).10 Ml. The change of the chemical shifts with 

increasing concentration is acccmpsnied by strong line broadening of all signals. The nature 

of this aggregaticm will be the subject of further investigations. 

From the chemical shift data, the critical micelle ccxmantration (CMZ) of 52 was 

&ived to be (2.6+0.8)*10m4 M. Independently, theCM3wasdeteminedbylightscatteriug 5) : 

aqueous solutims of & sho,@i a strong increase of the relative stray light intensity at -- 
concentrations higher than (2.5+0.2)*10-4 M. 
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Figure 1: +.I -NMR chemical shifts as a 

functim of the concmtraticn of cg in 

D20 at 303 K (TSP as external standard). 
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Tu exclude the interference of aggregation effects, all investigations of host-guest- 

~lexaticn~carriedautincancentrati~ raugesbelowtheCM:of thehost-. 

Clear spectroscopic evidence for 1:l inclusion ccnplex formation due to strong hymobic 

bindingwas obtained for &as ahostnolecule and 2-p-toluidinylna~thalene-6-sulfonate 

('INS) as a fluorescent hydrophobic guest (Figure 2). TNS, which exhibits a very weak 

fluoresceme in water (a= 0.008) but strong fluorescehce in a less polar envircnmsnt (e.g. 

QEthanol = 0.52) 6) shcws a pronounced fluorescence enhan cement in agueous solution in the 

presence of &, tiereas a mch smaller intensity increase is found in the presence of &I, -- 
$jJ and 2. We explain these spectral data by the different cavity size of @-g and the lack 

of a nonp%ar binding cavity in 2: only the cavity of 8~ is large enough to canpletely 

enclose the naphthalenesulfonate residue of TNS; the cavities of 52 and g are presumably 

tco mall for effective acccmmdation of the rqhthalene moiety. Beside the strong increase 

in fluorescence qusntum yield, the con- 
siderable shift frcan A = 500 nm for 'INS in 

water to A= 445 nm in the presence of I& 

provides another evidence thatthecavity 

represents agcodhydro&&ic bindjng site. 

Figure 2: Fluorescence spectmn of 3.6.10 
-6 M 

!I?% in water qxm addition of l*10B4 M 

& (- ), gQ (-- -), gg ( . . . ...) a,-,d 

2 (----- ). The excitation wavelength is 

360 nm. 

The Benesi-Hildebrand plot 7) of the 

fluorescence intensity gave a straight line, 

indicating that & and 'INS form a 1:l ccq&x 

LOO 650 500 550 A nm 
in the considered concentration range ‘I. The 

association constant could be calculated to 

be Kass = (4.3+0.2).103 M-l and is in the sane range as Kass for the 1:l cmplex between 

&cyclcdextrin and 'IWS (Kass = 1.5~10~ M-l) '). 

2,7-Dfiydroxyna@Ghalene (i), for which large upfield shifts in the %WMR spectrum had 

beenreporteddue to inclusioncanplex fo~ticawitha~ter-solubleparacyclaphane 2c) I =s 

chosen as guest molecule in G-i- WMR studies. The asscciatim constant for the 1:l inclusion 

ccqlex &-g was determined by caqzetitive inhibition usjng 'INS as fluorescent prcbe, and 

K ass ms found to be (1.2+0.1)-lo3 M-l lo). Tablelshms the %WMRchemicalshiftchanges 

for the protons of 8 in the presence of 6~ at different concentrations. Belcw the m of 

6c ") 
-- 

== only a weak upfield shift was observed, whereas with increasing aggregation of 6s the -- 
upfield shifts became more and more important and line broadening appeared. The chemical 

shift changes for 1-H and 4-H of 2 were such stronger than the me for 3-H. The host mle- 
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cule && shc+& only very -11 upfield shifts (A6 = 0.1 ppan at mst). 

concentration (M) AS(m) 9 H 
E&l &I 1-H 3-H 4-H HO 1 OH 

1.10-4 5-10-5 +0.07 +c).o2 +0.07 

2.10-4 1.10-4 +0.13 +0.05 +0.12 

8.1.1o-4 4.10-4 
* 

3 

+0.30 +0.13 +0.28 H” 
5.1.10-3 2.55.10-3 +0.54 +0.20 +0.54 8 - 

Table 1: Chemical shift changes ( A6) of 8 in the presence of $5 at various concen- 

trations in D20, TSP as external standard, T = 303 K; AS(ppn) = 5 g(D20) - 6 i(D,O+ 52). 

As the chemical shift changes due to aggregation (Figure 1 and Table 1) are mre impor- 

tant than the changes c&served for 1:l inclusion complex formation, 1 H-NMR spectroscopy in 

our hands was found less suitable than fluorescence spectroscopy for rmnitoring 1:l complex 

formation. We feel that the association behaviour of the host molecule in the presence of 

the guest molecule should always be studied before assigning 1H -NMH shifts to the fomtion 

of 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

a) 

9) 

10) 

11) 

1 

I 

a 1:l inclusion ccmplex. 
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