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Abstract: A series of crownophanes containing two phenolic moieties within a 
macrocyclic ring have been successfully synthesized by a one-step thermal reaction 
from the corresponding macrocyclic polyethers by using a "Tandem Claisen 
Rearrangement". © 1997 Elsevier Science Ltd. 

Macrocycles, which have rigid aromatic moieties and flexible oligoethylene glycol moieties within the 

macrocyclic rings, are called "crownophanes". 1) These structurally-hybridized macrocycles are expected to 

exhibit special functions or properties, which are different from those of basic macrocyles such as 

crownethers,2) cyclophanes,3) calixarenes,4) and spherands. 5) So far, several interesting properties have been 

reported on crownophanes having one or more phenolic moieties. 6-8) It was recently reported that 

calixcrowns, one of which exhibits excellent selectivity toward the sodium ion as a metal ionophore, may also 

be a remarkable example of this type of compounds. 9) However, although these compounds show potential 

high performance, their synthesis entails laborious work. Hence, new strategies for the synthesis of 

structurally-hybridized macrocycles such as crownophanes have been sought. 

Recently, we have found that 1,1-bis(aryloxymethyl)ethylene derivatives can be converted thermally to 

bis(hydroxyaryl) derivatives in high yield by using a Claisen rearrangement, which we call a "Tandem(or 

Double) Claisen Rearrangement". 1°) This reaction is quite effective to generate plural phenolic moieties in a 

molecule simultaneously and could be applicable to the synthesis of a number of not only acyclic but also 

macrocyclic compounds. In this paper we present a novel method for the one-step synthesis of crownophanes 

having two phenolic moieties from the corresponding macrocyclic polyethers v/a a Claisen rearrangement. 

A FI 

Macrocyclic polyethers 111) were obtained by the reaction of oligoethylene glycol derivatives having 

bis(o-hydroxyphenyl)oxy groups 12) with 3-chloro-2-chloromethyl-1-propene under the presence of a base 
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such as sodium hydride as shown in Scheme 1. General procedure: to a solution of ct,to-bis(o- 

hydroxyphcnyloxy)-oligoethylen¢ glycol(10 mmol) in dimcthylformamide(100 ml) was added sodium 

hydride(21 mmol) at 60 °C. Then, 3-chloro-2-chloromethyl-l-propene(10 mmol) was added to it and the 

solution was stirred at 60 °C for 12 h. After removal of the solvent under vacuum, the residue was extracted 

with chloroform and the chloroform solution was washed with water and dried over anhydrous sodium sulfate. 

After evaporation of chloroform, thc residue was subjected to column chromatography on silica gel with 

chloroform as clucnt. The yields of 1 arc shown in Table 1. Products I were confirmed by high resolution 

mass, 1H NMR, and IR spectra and dcmcntal analysis. In this reaction, the high-dilution method was not 

used. The shorter the chain length between two o-hydroxyphcnyl groups, the higher the yields of 1. 
Thermal reaction of these macrocyclic polyethers 1(2 mmol) proceeded without a solvent for 6 h 

around at 195 °C under nitrogen atmosphere. The reaction products were subjected to column chromatography 

on silica gel with chloroform and then chloroform/ethyl acetate as eluent to give crownophancs 3 rearranged 

twice. Table 1 summarizes the yields of each product. Apparently, the ring size of I affects the yields of 

rearrangexi products 3. As expected, reactants 1 which have rather large macrocycles with more than a 22- 

membered ring gave only the corresponding products 3 via the tandem Claisen rearrangement, while 2 

rearranged once could not be detected under these conditions, 13) and the larger macrocyclcs of 1, the better 

the yields of 3(3a < 3b < 3c < 3(t). Products 3 were confirmed by high resolution mass, 1H NMR, and IR 

spectra and elemental analysis. 14) Table 2 summarizes the physical and spectroscopic data. 
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Scheme 1. Synthetic route of novel crownophanes via a "Tandem Claisen Rearrangement" 



8995 

Table 1. Yields of the macrocycles I and 3 a) 

X 1, %b) 3, % 

a. --(CH 2CH 2-0) 3-CH 2CH2- 52 59 

b. -(CH2CH2-O)4-CH2CH2- 44 69 

c. -(CH 2CH2-O)5-CH2CH2- 35 78 ~ CO-Ca 2o-12h 

d. 29 83 

" (O-CH 2CI-I 2)3 29 83 

a) Reaction conditions: see the text. 

b) Yields are not optimized. 

Table 2. Physical and spectroscopic data of compounds 3. 

Pro- Mp Precise Mass 
duct °C M + 

3a 141-143 

3b 96 - 98 

3e liquid 

3d 77 - 78 

Found 430.1838 

Calod 430.1990 

( C24H3007 ) 

Found 474.2085 

Calcd 474.2252 

( C26H3408 ) 

Found 518.2528 

Calcd 518.2514 

( C28H3809 ) 

Found 610.2847 

Caled 610.2775 

( C34H42010 ) 

300 MHz 1HNMR ( CDCI3 ) 
6, ppm 

3.25( Ar-CH2-C, 4H, s ), 3.68( OCH2, 4H, m ), 3.73( OCH2, 4H, m ) 

3.84( o c n 2 ,  4H, m ), 4.13( OCH2, 4H, m ), 4.92( C=CH2, 2H, s ) 

6.70( At-H, 2H, dO(2, 8) ), 6.74( Ar-H, 2H, dd(8, 8) ) 

6.84( At-H, 2H, rid(2, 8) ), 7.42( OH, 2H, s ) 

3.40( Ar-CH2-C, 4H, s ), 3.70( OCH2, 12H, m ), 3.76( OCH2, 4H, m ) 

4.14( OCH2, 4H, m ), 4.69( C=CH2, 2H, s ), 6.7 - 6.9( Ar-H, 6H, m ) 

7.30( OH, 2H, s ) 

3.42( Ar-CH2-C, 4H, s ), 3.60-3.74( OCH2, 16H, m ), 3.75 - 3.78( OCH2, 

4H, m ), 4.13 - 4.16( OCH2, 4H, m ), 4.63( C=CH2, 2H, s ), 6.70 - 6.91 

( At-H, 6H, m ), 7.43( OH, 2H, s ) 

3.38( Ar-CH2-C, 4H, s ), 3.6-3.8( OCH2, 12H, m ), 3.88-3.91( OCH2, 

4H, m ), 4.13-4.22( OCH2, 8H, m ), 4.61( C=CH2, 2H, m ), 6.68-6.93 

( At-H, 10H, m ), 7.53( OH, 2H, s ) 

Thus, one-step conversion of macrocyclic polyethers to novel crownophanes having two phenolic moieties 
has been achieved by using a "Tandem Claisen Rearrangement". These crownophanes have unique structures, 

which could not be found in any crownophane so far repotted 1) and will become attractive candidates to 

create a novel type of host compounds. For example, complexation with divalent metal ions could be 
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expected by releasing two acidic protons of the phenolic hydroxyl groups. In addition, these compounds show 

possibilities for further modification because they have some reactive sites such as C-C double bonds and 

phenolic rings. Further investigations on modifications of the structure and evaluation as host molecules arc 

now in progress in our laboratory. 
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