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Abstract. The synthesis of two new series of conformationally constrained polyazamacrocycles 

featuring polysubstitution at macrocycle ring carbons is described. 

We report here the designed syntheses of two novel series of regio- and stereo-specifically substituted 

pentaaxamacmcycles with conformationally constraining substituents on macmcycle carbons. This method 

features the rapid, convergent synthesis of relatively complex carbon substitution patterns leaving all of the 

macrocycle nitrogens as secondary amines. We have been studying the syntheses of 1,4,7,10.13- 

pentaaxacyclopentadecane ([lS]aneNs) tnacmcycles with well defined polysubstitution at the macrocycle ring 

carbons, such as 10 - 13, for use as ligands in manganese based supcroxide dismutase mimics.’ Of greatest 

utility for this application are macrocycles in which all of the ring nitrogens are secondary amines. Stereo and 

q&defined substitution at macrocyclic ring carbons offers extensive opportunities for controlling the 

conformational Properties of the macrocycle.2~3 

A series of methyl, allyl, and fused cyclohexano substituted [ 15]aneNs macrocycles were chosen as 

targets. In particular, the use of vicinal diequatotial or geminal substitucnts on the macrocyclic ring should help 

to rigidlfy the chelate ring on which they reside, and to stabilize to some extent, the adjacent and remote chelate 

rings. Initially, we wanted to prepare macrocycles. which, when complexed to a metal, would have substituents 

on a single chelate ring. The success of these syntheses and subsequent metal chelation studies prompted the 

design and synthesis of macmcycles containing substituents on two chelate rings which exercise even greater 

umtml over the macmcycle conformation. 

For the synthesis of less substiNted (unsubstituted and some monosubstituted) [15]aneNs macrocycles, 

the method of Richman and Atkins4 works well. As substitution becomes more complex and sterically 

congested, yields decrease and detosylatlons eventually fail.5 Bradshaw and coworkers have demonstrated that 

bis(chlomacetamides) of vicinal diamines can be cyclixed with triamines to give [ 15]aneNs macrocycles, with 

some6 or alI7 of the macrocycle nitrogens becoming tertiary amines in the reduced product. In order to test the 

applicability of this cyclization method toward making the desired macrocycles containing substituents at 

macrocycle carbons, the bis(chloroacetamides) l-4 were Prepared according to standard pr0cedure.s The 

dianion of tris(N-tosyl)diethylenetriaminea was used instead of the triamine in these cyclixations so as to 

eliminate any unwanted reactions at the middle nitrogen of the triamine and also to take advantage of any 

decreased intemal entropy due to the p-toluenesulfonyl substituents. 10 Reactions of 1.2. and 3 with 5 gave 
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macrocycles 6.7 and 8, respectively in isolated yields of 46%,61%, and 38%. The bis(chloroacetamide) of 

2,3diamino-2.3~dimethylbutane 4 underwent cyclization with 5 to give macrocycle 9 in the remarkably high 

yield of 72 %. Reduction of macrocycles 6.7.8. and 9 using lithium aluminum hydride11 gave the saturated, 

detosylated macrocycles 10, 11.12, and 13. 

1 R’=CH3; R2=H 

2 R’=CH&H=CH, ; R2=H 

3a R’ = (CH,),; R2 = H 

4 R’, R2=CHa 

6 R’ =CH,; R2= H 

7 R’ = CH2CH=CH2 ; R2= H 

6 R’ = (CH2)4; R* = H 

9 R’,R2=CH3 

10 R’ =CH3; R2=H 

11 R’ = CH2CH=CH2 ; R2=H 

12 R’ = (CH,),; R2 = H 

13 R’, R2 = CH, 

All of these di- and @&a-substituted macrocycles ate symmetrical and substituted at only one chelate 

ring, i.e., the substituents are between two adjacent nitrogens of the macrocycle. In 10 - 12 the substituents are 

tranr. The use of two fused cyclohexanes as substituents would be expected to confer greater control over 

macrocycle conformation. Although racemic trolts- 1,2diaminocyclohexane was used to prepare macrocycles 8 

and 12, the enantiomers (both commercially available) were quired for the bis(cyclohexano) macmcycles. 

Thus, the bis(chloroacetamides) of lR, 2R-diaminocyclohexane, 3b. and lS, 2!+diaminocyclohexane, 3c. 

were separately prepared and reacted with the monoadduct of N-tosylglycine and 1 R. 2Rdiaminocyclohexane 

14 in the presence of base in N, Ndimethylacetamide to give macrocycles 15 and 16 in yields of 50 and 4496, 

respectively. The monoadduct 14 can be prepared in modest yield by reaction of excess diaminocyclohexane 

and N-tosyl glycine under standard coupling conditions at -10 “C. Alternatively, a monosilylation step with t- 

butyldiphenykilyl chloride followed by coupling, then acid cleavage of the silyl group pmved useful. 
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Reduction of macrocycles 15 and 16 gave the saturated macrocycles 17 and 18. These isomeric 

compounds featme two rruns cyclohexane rings fused to the macrocyclic ring. 

Several examples of poIymethy1 substitution at carbons of macrocycles of other ring sizes, such as 

[WaneN tnacmcycJes have been report&t2 The bis(gem dimethyl) segment (2.3-diamino-2.,3- 

ditn&yJbutane) has been pmviously incorporated into other size mactocycles. as has frunr fused 1.2- 

diamino&lohexpe.~ It is likely that our method could be used for other ring sizes and substitution pattems, to 

augment me supply of poJysubstituted polyazamacrocycJes. 

In summary, we have demonstrated the facile preparation’s of two new series of [ 15]aneN5 macrocyc~es 

with conformationally constraining substituents on macrocycle carbons via bis(chloroacetarnide) cyclixations. 

The preparation, chemistry, and biological activity of the metal complexes prepared with these ligands will be 
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reported in due course. 
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