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Summary: A convergent route is described for the preparation of unsymmetrical N-substituted polyammonium 
macrocycles that is potentially applicable for the synthesis of a wide variety of macrocycles of differing ring 
size and heteroatom substitution. 

Polyammonium macrocycles specifically designed for the complexation of 

anions have been found to form high affinity supramolecular complexes that, in some 

cases, lead to unique chemical transformations.* Catalysis within the 

supramolecular complex has been particularly useful in exploring phosphoryl transfer 

reactions and in modeling enzymatic reactions that catalyze such reactions. 3 Inan 

effort to explore the effect of additional catalytic sites on polyammonium 

macrocycles the synthesis of a series of symmetrically substituted 24-membered 

hexaazamacrocycles containing pendant functionality was recently described.4 This 

report describes a facile approach found to be useful in the preparation of 

unsymmetrically N-substituted polyazamacrocycles. 

Advances in the application of macrocyclic and macropolycyclic receptor 

molecules in the study of the complexation of metal ions and other substrates has 

relied on versatile methods of synthesis. Of contemporary interest is the 

development of synthetic routes that have allowed for the introduction of pendant 

functionality in azacrown ethers,5 catixarenes,G and in the study of convergent 

functional groups by Rebek and co-workers.7 The preparation of symmetrically 

substituted polyazamacrocycles generally employs selective protection, 

functionalization, cyclization, and deprotection reactions.8 Relatively rare, however, 

are examples of unsymmetrical substitution of polyazamacrocycles. Two such 

examples are highlighted in the chiral macrocyclic analogue of spermineg and 

monofunctionalized N-substituted tetraazamacrocycles.l o However, the latter 

approach is limited by the lack of selectivity in the N-alkylation reaction and the 

inherent problems in separation of the mono- and polysubstituted products. 
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Two regiospecific strategies were examined for a general route for the 

synthesis of unsymmetrically substituted polyazamacrocycles, and it was found that 

the convergent route described was most versatile. The bond disconnection shown in 

the structure highlights two advantages of the method. The western half of the 

macrocycle can be varied in the cyclization step B leading to a variety of ring sizes 

and substituents (X). The eastern half is prepared conveniently in a convergent 

sequence (A) that employs, in the examples given, the cyanoethyl group as the pendant 

functionality. However, the sequence is sufficiently general such that any 

substituent stable under the conditions of the reactions can be used. Furthermore, 

the length of the eastern synthon can be readily varied to give different ring sizes 

and heteroatom substitutions (Y). 
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An example of this approach is described for the synthesis of the pyridyl 24- 

membered hexaazamacrocycle 11 which contains an N-substituted moiety in an 

unsymmetrical position on the eastern half of this ditopic receptor. The starting 

secondary amine 1 was prepared in 93% yield through the reaction of 

aminoethoxyethanol with N-tosylaziridine 8a,ll in acetonitrile. Cyanoethylation of 1 

using a lo-fold excess of acrylonitrile in refluxing benzene was essentially 

quantitative in the formation of 2. The next step in the sequence required protection 

of the hydroxy group; using dihydropyran, the protected product 3 that can be isolated 

in quantitative yield also can be used without purification. The intermediate 4 was 

prepared at room temperature by treatment of 4 equivalents of aminoethoxyethanol 

with 1 equivalent of tosyl chloride (93% yield based on tosyl chloride). Conversion of 

4 to 5 represented one of the three limiting steps in the sequence in that treatment 

of the anion of 4 (NaH) in DMF with a five-fold excess of 1,2-dibromoethane and 

heating 100 oC for 24 hours afforded a 33% isolated yield of 5. The low yield of 

this reaction does not present a problem since this step is early in the sequence and 

the reaction can be run in large scale. The synthesis of 6 was accomplished in 28% 

yield by treatment of the bromo derivative 5 with the anion (NaH) of 3 in DMF at 100 

oC for 12 hr. 
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