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Abstract - The conversion of 2-lithio-1,3-xylyl crown ethers (21, 
obtained by reaction 
n-butyllithium at 

of the 2-bromo-1,3-xylyl crown ethers (1) with 
-70 OCf with an electrophile is a generally applicable 

method for the synthesis of 1,3-xylyl crown ethers with intraannular 
acidic groups. 

Stable molecular complexes of urea and macrocyclic polyethers seemed to require 

protonation of urea prior to complexati0n.l However, recently we have shown that 

2-carboxyl-1,3-xylyl crown ethers, providing they can encapsulate urea, are capable of 

complexing urea via strong hydrogen bonds. 2 The synthesis of 

covalently linked proton donating groups requires multi-step 

yields because of protection of the acidic group during the 

and subsequent selective deprotection. 2,3,4 

As part of our work to develop simple procedures for the 

macrocyclic polyethers with 

procedures with low overall 

Williamson macrocyclization 

synthesis of functionalized 

crown ethers we have recently studied the possibility to take advantage of the presence 

of ether groups in such macrocycles. However, we found that direct lithiation of crown 

ethers generally gave ring cleavage. 5 Hitherto, in our hands direct metalation of simple 

benzo crown ethers was only succesful under Schlosser6 conditions (E-butyllithium/ 

potassium tert-butoxide/diethyl ether) at -80 oC.7 In order to avoid ring cleavage we 

decided to prepare the organolithium derivatives of 1,3-xylyl crown ethers via bromine to 

lithium exchange at temperatures below -6OO. Therefore we have synthesized, according to 

a modified procedure described by Cram et al.,' the series of 2-bromo-1,3-xylyl crown 

ethers (la-g). 0.02 Mol of 2,6-bis(bromomethyl)bromobenzene and 0.02 mol of a poly- 

ethyleneglycol, dissolved in 50 mL of tetrahydrofuran (THF), were added slowly over a 

period of 24 hours to a suspension of 3 equivalents of sodium hydride in 2 L of THF at 

reflux temperature. After extraction of the crude product with hot petroleum ether 

(40-60) and column chromatography (SiO2, ethylacetate/ethanol (9:l)) the 2-bromo- 

1,3-xylyl crown ethers (la-g) were isolated in yields sunnnarized in the Table. 
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Rromo to lithium exchange was achieved at -78 'C by the addition of 2.6 mm01 of 

n-butyllithium (c-BuLi, 1.4 N in n-hexane) to a solution of 2.43 mmol of crown ether 1 - 

dissolved in 5 mL of THF. As soon as the colour of the reaction mixture changed from 

purple-red to yellow-brown' the organolithium crown ether (2) was reacted with the 

appropriate electrophile. lo The 2-sulfinyl-1,3-xylyl crown ethers (3a-g) were obtained by 

reacting 2a-g with SO2 at -60 OC followed by slow warming up to room temperature. 

Extraction with chloroform, after a small amount of 4 N HCl was added to the reaction 

mixture, qave the crude 2-sulfinyl-1,3-xylyl crown ethers (3a-q). These crown ethers with 

a strongly acidic intraannular group have never been reported in the literature: they 

were purified by acid-base extraction, and fully characterized by 1 H NMR, 13C NMR, and 

(FAB-) mass spectroscopy, Yields are given in the Table. 

Table. Yields and Melting Points of the 2-Bromo- (la-g) 
and 2-Sulfinyl- 13a-q) 1,3-Xylyl Crown Ethers. 

1 3 

compound yield(%) mp(OC) yield(%) mp(OC1 

a 41 43-47 59 102-104 

b 88 42-44 67 101-104 

C 41 oil 72 oil 

d 73 55-58 71 oil 

e 61 oil 42 oil 

f 61 oil 70 oil 

4 60 oil 74 oil 
J 

Reaction of the 2-lithio-1,3-xylyl crown ethers with other electrophilesl' proved 

the general applicability of this method for the synthesis of 1,3-xylyl crown ethers with 

intraannular acidic groups. When CO2 was used as electrophile, 2-carboxyl-1,3-xylyl crown 

ethers (4) could be obtained by the same procedure as described above for the sulfinyl 

crown ethers in 60-90% yield. These carboxyl crown ethers were isolated by extraction 

with dichloromethane, and subsequently purified by acid-base extraction. The 

2-carboxyl-1,3-xylyl crown ethers obtained in this way had spectral data in agreement 

with the data as reported previously. 2,3 

Figure 1. Stereoscopic view of 2-sulfinyl-1,3-xylyl- 
15-crown-4, (3a) showing atom numbering. 

2-Sulfinyl-1,3-xylyl-15-crown-4 (3a) was obtained as a crystalline compound (mp 

101-104°C), and the structure was established by single crystal X-ray analysis." In the 
solid state 3a adopts the structure with the aromatic ring perpendicular to the mean 
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macrocyclic plane. Ilnfortunately the S-O-H hydrogen atom could not be located on 021 

(S19 - 021 : 1.54 a vs s19 - 020 : - 1.44 b). However short distances between this sulfinyl 

oxygen atom and two crown ether oxygen atoms (021...010 : 2.89 1 and 021...013 : 2.81 8) 

indicate that there most likely is an intramolecular interaction between the sulfinic 

acid hydrogen and the oxygen atoms of the macrocyclic ring. 
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FigWe 2. The pK values of 2-sulfinyl-1,3-xylyl 
crown &hers (3a-g) (H20, 25.0 'C). 

The pK, values (H20, 25.0 OC) of the sulfinic acid crown ethers were determined by 

potentiometric titration15 with tetrabutylammonium hydroxide. The pK, data depicted in 

Figure 2 show that the acidities gradually increase with an increasing ring size. The 

18-membered macrocycle exhibits a relatively high pK, value. Analogous acid-base 

properties have been observed previously for 2-carboxyl-1,3-xylyl crown ethers (4),2 

although these ligands are less acidic (3.80 < pK, < 5.81). In the case of the 15- and 

18-membered carboxylic crown ethers the enhanced pK, values were explained in terms of 

intraannular hydrogen bonding to crown ether oxygen atoms, 2,3 X-ray data (vide supra) and 

CPK model studies indicate a similar explanation is valid for the 15- and 18-membered 

sulfinic acid crown ethers. For the larger ligands macroring-assisted solvation of the 

acid may occur.2r16 The pK, values of the 30-membered ligand and the open-chain model 

compound 5 are almost equal, showing that stabilization of the sulfinic acid group due to 

macrocyclic effects is only present for ringsizes < 30. 
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