
Pergamon 
Tetrahedron Letters, Vol. 38, No. 11, pp. 1911-1914, 1997 

© 1997 Published by Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

PII: S0040-4039(97)00241-4 0040-4039/97 $17.0o + 0.00 

Synthesis and Characterization of a New Series of [12]aneN3 Type 

Macrocycles. Structures of two Protonated Metal-Free Ligands 

P a t r i c i a  H u b s c h - W e b e r  a n d  M a r i e - T h ~ r ~ s e  Y o u i n o u *  

Laboratoire de Chimie des M&aux de Transition et de Catalyse, associ6 au C.N.R.S., Universit6 Louis Pasteur, lnstitut Le Bel, 
4 rue Blaise Pascal, 67000 Strasbourg, France. 

Abstract. The synthesis of a family of monotopic and ditopic ligands possessing a [12]aneN 3 synthon 
and different spacers is described. The characterization of two of them by X-ray diffraction is also reported. 
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Our current interest in modelling hydrolytic enzymes has prompted us to design new polyamine ligands. In 

order to ascertain the role of metal ions in promoting hydrolytic activity, considerable efforts have been centered 

on developing synthetic metal complexes of Zn 2+, Cu 2+, Co2+/Co 3+ and Ni 2+. 1 Furthermore, whether one or 

two metal ions might be preferred to effect hydrolysis is still a debated question. The choice of our ligand system 

was primarily based upon the reported efficiency of a zinc complex of 1,5,9-triazacyclododecane ([ 12]aneN3) 

towards hydrolysis of esters. 2 Secondly the design of flexible binucleating ligands and their mononucleating 

analogues, both possessing a [ 12]aneN3 synthon was initiated in order to investigate the potential cooperativity 

between two adjacent metal ions. Finally, nitrogen methylation of polyazamacrocycles affecting the catalytic 

properties of their complexes, 3 selective attachment of a methyl group on the triamine synthon was of interest. 

We wish to report here our investigations concerning the synthesis and the characterization of a new family of 

ditopic (1-4) and monotopic (5-6) ligands shown in Scheme I. 

S c h e m e  I 

H H H H H 

1-3 4 5 6 
para, meta, ortho-xylyl 

Extensive studies have been carried out on the chemistry of 1,4,7-triazacyclononane over the last decade. 4 

However, much less is known on the synthesis and coordination properties of [ 12]aneN3 derivatives, although 

branched mononucleating ligands of this type have been developed recently along with their coordination 
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chemistry.5 The literature is even much less documented when considering the area of ditopic ligands in which 

two [12]aneN3 subunits are linked together by a given spacer between nitrogen bridgeheads, such as 1-4. 

Our initial procedure described in Scheme II involved, as previously reported for analogous examples, 6 the 

attachment of the p-xylene unit in an early stage of the synthesis, followed by hydrolysis of the phthalic 

derivative and reprotection with tosyl chloride. Finally, the ring closure by the classical Richman-Atkins 

cyclisation method gave, 7 after standard work-up and chromatography, a fraction with the expected molecular 

peak (Chemical Ionization,/-butane, m/z = 1060.4). However, 1H NMR data suggested that a competition 

reaction between the unfavorable 12-membered ring 7 and the 19-membered ring 7' occurred, yielding 7' 

preferably. Such a conclusion is supported by other examples described in the literature. 8 

S c h e m e  II  
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i) Phthalic anhydride (2 equiv.); ii) Dibromo-p-xylene (0.5 equiv.); iii) 
H2NNH2 (4 equiv.); iv) TsC1 (4 equiv.); v) MsO(CH2)3OMs (2 equiv.) 

As an alternative strategy, we examined the methodology described by Weisman, based on selective N- 

protection of [12lane N3 .9 Such a method was indeed very effective when the spacer group between the two 

subunits involves an aliphatic chain. We found that the tricyclic orthodiamide 8 was also easily monoalkylated 

with a,~-dibromo-p-xylene or m-xylene and o-xylene derivatives (CHC13, 40-50 ° C, 24h) alike with PhCH2Br 

(CHC13, 25 ° C, 1.5h). Hydrolysis of the bicyclic amidinium salts 9-11 under basic conditions (NaOH 0.1M, 

reflux, 24h) afforded the bismacrocycles 1-3 as well as the previously unreported compound 5 in good yields. 

When instead a reduction reaction of the amidinium salts was carried out in presence of sodium borohydride in 

refluxing EtOH for 4 hours, the corresponding methyl ligands 4 and 6 were obtained. In the early stage of this 

work,10 the key orthodiamide 8 was rather prepared as previously reported, 11 using the [ 12]aneN3 synthesized 

from a modified literature procedure, 12 although lengthy, than from the commercially available source. The 

alternative route, proposed later by Weisman, 13 allowed a very efficient two-step synthesis of 8, via a 

guanidinium salt obtained from inexpensive starting materials, as opposed to [12]aneN 3 itself (scheme III). All 

new compounds 1-6 as well as their intermediates were fully characterized on the basis of microanalytical results 

and of their 1 H, 13C NMR and MS spectra. Furthermore, whilst attempting to prepare complexes of manganese 

and nickel, respectively in presence of 1 and 5, colourless crystals with the composition [1"H2](C104)2 and 

[5"H2] (NO3)2 were obtained from the reaction mixture, 14,15 although a competitive 1:1 ligand/metal complex 

formation was also observed in the case of 5. 
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Scheme  III 
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i) and (ii) ref. 13; iii) EtOH, reflux, 3h. ref. 11; iv) and v) Dibromo-xylene (0.5 equiv.) or PhCH2Br (1 equiv.) CHCI3, 45 
°C, 24h. (instead of conditions of ref. 9), yields of 90, 86, 57, 92 % for 9-12; vi) 0.1 M-NaOH, reflux, lb., yields of 
90, 82, 50 % for 1-3 and 92 % for5; vii) NaBH4 (10 equiv.) in EtOH, reflux, 3h., crude yields of 93, 96 % for 4,6 

The X-ray crystal analysis of [1"H2](C104)2 reveals an anti conformation of the two macrocycles, related 

to each other by an inversion center coinciding with the center of the para-xy ly l  group. In both structures of the 

diprotonated forms of 1 and 5 depicted in Figure I, 16,17 the methylene carbons are located either above or below 

the mean plane formed by the three nitrogen atoms, as opposed to the situation observed in 

[Me3[9]aneN3H](CIO4) where a smaller separation between the nitrogen atoms allowed all carbon atoms to be on 

one side of the nitrogen plane as well as internal hydrogen bonding. 18 The stabilization is now achieved via a 

network of intra- and intermolecular hydrogen bonds [NH---O] between the cation and the anion, of 2.37(1) ,~ 

(H25--O4) and of 2.288(6) or 2.419(6)/~ (H23--O2 or H25--O1) respectively in [1"H2](CIO4)2 and as short as 

1.797(3) or 1.864(3) lk (for H29--O2 or H26--O5) and of 1.998(3) or 2.015(3) A (for H28--O2 or H28--O1) in 

[5"H2](NO3)2. 

Figure I 

N3 

N3' 

141' 

I42 

In presence of zinc(II), dinuclear complexes of general formula "Zn2L n+'' (n = 2, 3 or 4 depending upon 

the nature of the additional ligand) and mononuclear complexes such as [ZnL'(CH3CO2)](C104) or 

[ZnL'(NO3)](NO3) have been synthesized and characterized for these ligands (L = 1-4 and L' = 5, 6) and will 

be reported separately along with their activity towards hydrolysis of esters. 
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