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We wish to report convenient syntheses of the macrocyclic amides, l_andH, and their amine 

reduction products,? andz, by routes that may be applicable to practical synthesis of higher 

homologs. Unsaturated 1,5,9,13-tetraazacyc;ohexadecanes, the ring system ofL and 2, have been 

widely employed as metal-chelating agents. The present route offers access to derivatives of 

a different substitution pattern than those available by synthesis involving 6-dicarbonyl 

derivatives. The current interest in heteroatom-containing macrocyclic 

clathrating agents3 accents the need for general and convenient routes 

these types of substances. 
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As part of a general program, aimed at synthesis and study of derivatives of 1,5-diazacyclo- 

octanes, we considered routes involving preparation and reduction of their keto derivatives. The 

2,6-diketo and 2,4,6,8-tetraketobicyclo derivatives are known, and routes from these species 

appear to offer promise. An alternative involves generation of 2,4-diketo-1,5-diazacyclooctanes,but 

encounters a serious structural limitation. The 3,3-dialkyl derivatives of this system appear to 
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be subject to a high degree of steric.compression, evident in structure 2. In fact, our synthetic 

routes to 2 have failed to yield a stable, isolable substance of this structure, but instead 

have generated reasonable yields of l&. 
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For example, when2 is treated with dicyclohexylcarbodiimide and 1-hydroxybenzotriazole' 

in dioxane-water at 0.02 E concentration, 50-55 % (nmr yield) of !, is obtained, identified 

mass spectrometrically by its intense molecular ion, 396 m/e. Inspection of models reveals that 
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kmay assume conformation 3, which has four characterizing features: 1) the nonbonded interactions 

are small, 2) the amide functions all can assume the more stable s-trans conformation, 3) the 

structure is stabilized by transannular hydrogen bonding, and 4) the structure contains regions 

that are similar in geometry to the B-turn or (4-+1 trans) conformational substructure of 

polypeptides. We conjecture that the stability of this hydrogen-bonded subunit acts as an 

internal template that facilitates closure to the sixteen-membered ring of_! over oligomer 

formation, even under reaction conditions involving high starting material concentrations. 
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9 
derivatives. 

An attempt to establish ;;e presence in L of a strong transannularhydrogen bond,by nmr 

exchange studies in D20-DMSO have thus far failed, due to the difficulty of obtaining data 

of precision sufficient to assign an exchange rate to the fourth of four amide protons. An average 

exchange half-time of 50 hr is observed (10% 020, 25"). Verification of the hydrogen-bonded 

structures proposed for L,;, and_& as well as the template hypothesis of their formation must 

await further structural studies and model investigations with n-alkyl derivatives. 

Reduction of l_ or Zwith excess diborane in THF (20 hr, reflux), followed by evaporation, 

acidic hydrolysis, basification, and extraction results in7the formation of the tetramine, 2, 

75 %, m.p. 154-157", (M' 340 m/e; nmr [CDCl,] 0.93,$.35 6) fromJ, or the hexamine& 75 %, 

m.p. 118120°, (M+ 510 m/e; nmr [CDC13j0.93,2.40 6). The formation of i from2 in reasonable yield 

suggests that proper combinations of fragments may generateL,z, or higher homologs by short, 

simple routes, and this possibility is currently under investigation. The sixteen-memkred amide 

derived from dimethylmalonyl dichloride and 2,2-bis(hydroxymethyl)-1,3_propanediamine is of 

special interest to us as a precursor for a variety of chelating agents with cage structures. 

The diborane reduction of this tetramide yields the corresponding tetramine as a crystalline 

hydrochloride salt in 23 % overall yield, based on the propane diamine, m.p.268'd. 
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