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Abslrcret: 1,2,4,5-Bis-( 1,4,7,10,13,16_hexaoxahexadecamethy1ene)benzcne (1) is prepared in an 
one-pot synthesis from 2,Sdihydroxy- 1 ,Qbenzoquinone (4) and 1,14dibromo-3,6,9,12- 
tetraoxatetradecane (3) in 35% yield. A study of its host-guest J:J and J:2 alkali metal cation 
complexation reveals that the cations only interact with the diphatic oxygen lone pairs, hence, 
leaving the n-electron system intact. 

Since the Fuzt report on crown ethers,* numerous derivatives have been prepared and found application in 

host-guest chemistry and the construction of supramolecular ensembles? However, only recently the synthesis 

of his-(crown ether) derivatives, i.e. his-orthts and his-rnezu-xylyl (crown ethers), has been reported in which 

the macrocycles are connected to the benzene core via Ar-CH2-0 linkages.3 Hitherto, no b&crown ethers are 

known with two crown ether rings directly coupled to one benzene core via Ar-O- linkages. Nevertheless, the 

latter are of interest to assess host-guest I:1 and I :2 complex formation selectivity concomitant with the 

presence of a second crown ether ligand site which modifies the electronic propertiec of both the benzene core 

and the available alkali metal cation binding sites. 2 Note that substitution of the benzene ring of benzo-(15 

crown-S) markedly affects its alkali metal cation complexation properties, while this is not the case for the 

related benzo-(18-crown-6) analogues.4 

Here we report the synthesis of the first macrocycle containing nvu crown ether rings directly coupled to 

one benzene core, i.e. 1,2.4,5-&s-( 1,4,7,10,13,16_hexaoxahexadecamethy1ene)benzene (benzo-his-( l&crown- 

6) (1)). Its alkali metal cation complexation behaviour (host-guest ratios J:J and 1~2) is compared with that of 

benzo-(18~crown-6) (5). Compound 1 was prepared in an one-pot synthesis by etherification of 1.2,4.5- 

tetrahydroxybenzene (2) generated quantitatively by in situ hydrogenation of 2.5~dihydroxy-1.4benzoquinone 

(4; Pt02, p(H2) 1 bar. DMF 25 o@ with 2 eq. of 1,14dibromo-3,6,9,12-teuaoxateuadecane (3, 6 eq. 

Cs2CO3, DMF 40 oC)6 in 35% yield after mcrystallization (Scheme).7~8 Although both the or-rho- (1). its 

mera- and para-isomer can be formed, a comparison of the *H- and 13C NMR spectra of 1 and 5 

unambiguously shows that, apparently due to the Cs+ template effect,6 the o&a-isomer 1 is the only product.9 

In line with related methoxy-benzenes. the second crown ether ring in 1 induces a shift of Eox- (Epa, peak 

anodic potential, l/l+-, 0.71 V and S/S+*. 1.33 V) indicating enhanced electron donation to the n-electron 
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system.10 Hence. 1 will be a good probe molecule to study electron density modification of the crown ether 

oxygen binding sites due to the aryl bound oxygens of the additional crown ether ring.4 

Qualitative insight in the metal cation complexation ptopetties of 1 was derived from 1H NMR titrations 

(DMSO-d~, 25 Oc) using KSCN and Kpicrate, nspectively (Figure). The similar AS (Hz) values found for 

corresponding protons of 1 and 5 suggest that they possess an identical complexation behaviour for molar host- 

guest ratios up to 1:I. Thus, the additional macrocycle does not appear to exett an influence on I:1 complex 

formation1 1 The increase of A6 (Hz) for 1 in going to host-guest ratios 19 provides evidence that I.2 

complex fotmation actually takes place. However, no inflection point is found in the curves at a ratio I :I. This 

Fire. AS (Hz) values of the aromatic protons of 1 and 5, respectively, vs. molar guest/host ratios.12 
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can he rationalized by invoking a fast exchange of, K+ ions between ligand sites on the *H Nh4R timescale at 

25 oC leading to a time-averaged NMR spectrum. I2 AnsIogous curves were also obtained using cyclic 

vokuumetry and KC104 as tiuwtt; only an averaged Eox. (lIpa< l/l+.)) was found up to host-guest 1:2 ratios. 

The moderate change of Eox. (Epa) in going from l(O.71 V), 1(1:1, 0.83 V) to 1(1:2; 0.94 V). which differ 

from the Epa values of 5 (1.33 V). provides evidence that ouly the rJiphatic oxygen lone pairs participate in 

alkali metal cation complexation.I*~l l 

Quantitative insight in the a&ah metal cation complex&on properties of f with respect to 5 was derived 

from W/Vis extraction experiments (CHCl3/H20, 25 oC),I3 and by determination of enthalpies of 

complexation (AH: calorimetric titrations; anhydrous CH30H. 25 o(Z).14 Although in the W/Vis extraction 

experiments molar host-guest ratios of 1 ;I and 1:2, respectively, were used, the AG values represent a weighed 

average for 1:l and 1:2 complex formation since both complexes cannot be distinguished.I3 Note that for all 

cations AG(1;1:l) and AG(S) ate close in value and that AG(l;I:2) nearly equals twice AG(I;I:I), which 

supports the ultimate formation of I:2 complexes (vide srrpra). The observation that AG(I,I ~2) ln the series is 

moderately smaller than twice the related AG(1;1:1) indicates that the equilibrium constant K2 for 1:2 complex 

formation is smalIer than KI (I.-l). Apparently, thii is a consequence of coulombic repulsion due to the metal 

cation already present in the I:1 complex. This is corroborated by the calorimetric titrations. Rnthalpies of 

complexation for Z.-l complexes (AH(l;Z:l)) were derived from titration experiments in which an excess of 1 

was present. Conversely for the determination of AH(l;l.-2), an excess of alkali metal cation was used. In the 

series AH(l;I:Z) and AH(S) are again close in value and AH(l;l:2) equals 1.7-l-9 times the corresponding 

AH(1;1:l). These results confirm 1:2 complex formation invoked from the 1H NMR titration- and UV/Vis 

extraction data and support our conjecture that 1 r2 complex formation is only slightly influenced by the 

presence of one complexed cation. WlVis Spectroscopy (CH2Cl2) of host-guest complexes l(J:2) with 

picrate salts reveals that they are present in solution as separated ion-pairs. (Xmax@icrate ion) 375377 nm).15 

In summary, the alkali metal cation complexes l(I:I) and 1(1:2) can be obtained and K+ is preferably 

accommodated (Table).2*10.13 The absence of a remote substituent effect due to the aryl bound oxygens of the 

additional ligand site, suggests that upon complexation the cations only interact with the ulipharic oxygen lone 

pairs of the crown ether rings of 1 leaving the Ir-electron system of the benzene core essentially intact. 

Table. Alkali metal cation complexation of 1 and 5 (UVIVis extraction methodl3; AG(l;k~.~gutm) and 
AG(5) and calorimetric titrations 1% AH(i;ho.rz:g=rt) and AH(~) (k.Imol-1)). 

Cation 

uv/wi CplOrimetry 
-AG(l;l:l) -AG( 1;1:2) -AG(@6 -AH(l;l:I) -AH(1;1:2) -AH(5)‘7 

Li+ 30.5 60.2 26.8 __ __ _- 

Na+ 35.2 70.4 33.1 29.9 56.8 36.8 (34.6) 

K+ 46.9 96.4 41.8 49.7 83.0 50.7 (44.9) 

Rb+ 46.9 87.8 38.5 42.9 73.2 44.5 (43.0) 

cs+ 40.6 76.2 35.2 40.4 70.6 43.5 (42.3) 
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