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Atmtmctt Linear, bent, cavity rmd Z-shaped mobacs of maying length ate coovened to end-ftmcti~ his-chelating 
agents 3 coataining the 3.6-(di-Z’-pyridyl)pyridazine ligand by reaction of their oorbornenyl end-groups with 
3,6-di-(Y-pyridyl)-s-tcwzioe 4 followed by oxida6on with DDQI 8ometimtB in a one pot reaction. New representative 
molnc3eswellasnewchclatiagagemsaredeaxii Molecularmechauics~)ha~bcer~wdtoevaimwgeuaeuic 
pammetess for these systems which display Ii@ squmths frau 6-21& bowever sborte~ or louger systems are possible. 

The 3,6-di-(2’-pyridyl)-pycidazine (dpp) 11 is a recognised polydentate ligand which forms complexes 

with a range of metals.2 Transition metals such as ruthenium form unsymmetrical l:l-complexes with ligands 

containing the dpp cbromophore. In these complexes dpp acts as a bidentate ligand where a pyridine nitrogen and 

one of the pyridazine ring-nitrogen atoms provide the donor sites. Stetic crowding in these octahedml complexes 

stops the entry of the metal into the second available bidentate coordination site. In contrast, the tetrahedral 

geometry of copper is less sterically demanding and allows both coordination sites to be used. The copper 

complex 2 is particularly interesting as dpp can totally satisfy the coordination needs of the copper and so form 

the orthogonally stacked complex where four copper atoms are associated with four dpp ligands and each dpp 

ligand is itself lid to two copper atoms. 3 The high symmetry of 2 offered potential for aligning substituents 

attached to the dpp ligand; where bis-dpp molecules of type 3 as described herein am involved, this opens the 

way for producing new self-assembly systems with novel geometry. 
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This communication describes the preparation of new rigid polydentate ligands where two dpp groups are 

space separated to form individual chelating centms within the same molecule of general structure 3. By using 

molrac spacers4 it has been possible to produce a new class of ligand, molrac(dpph, where the two chelating 

groups can be space-separated (from 3-2OA in the present examples) and the interplauar angle between the 

pyridaxine rings varied roughly from pamllel, through orthogonal to fully opposed (see Table 1). 

Thebasicreactionusedforthesynthesisofdppligandphasbeendescribedandhereinvolvestbereaction 

of the x-bond of the prototype end-terminal norbomene mohac 5 with 3.6di-(2’-pyridyl)-s-tetraxine 46 to form 

the dihydropyridaxine 6 (Scheme 2) and its conversion to the molrac ligand 6dpp by &hydrogenation with 

2,3-dichloro-5,6-~~icyano-l,~benzoquinone (DDQ). ‘Ibis reaction was applied twice over to the molrac dienes 

11.18-21 to produce the corresponding extended bis-ligands, molracs ll(dpp)s, lO(dpp)a-29(dpph (see 
Table 1; El-E5). 
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The formation of bent bii-ligands can be illustrated by the preparation of molrac 8(dpph (Scheme 3) 
which takes advantage of the reverse electron-demand m@rement of s-tetraxine 4. Thus reaction of Smith’s 

die&r 7 with s-tetmxine gives a product where the norbomene x-bond alone is attached; in the presence of DDQ 

the fused mono-ligand 7dpp. m.p. 182 Oc, can be formed in 90% yield and its structure has been confiied by 

X-ray analysis (see Fig 1, below). Tmatment of Smith’s dkster 7 with eyclopentadiene. on the other hand, has 

already been repormd4b to occur specifically at the electron-deficient x-centre to form predominantly the bent 

adduct 8. This adduct contains two norbomene rc-bonds and shows site specifkity in its reaction with s-tetraxine 

4; the Asp6 n-bond is preferentially attached to form lldpp (also available from 7dpp and cyclopentadiene). 

Reaction does occur at the Al*,*2 x-centre of Sdpp under more forcing conditions and the bent bis-ligand 

e(dpph can bc isolated in good yield. 
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I Fig 1. Pluton diagram of the fused mohnc ligand 7dpp based on X-ray crystaUographic data. I 
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Table 1: New bis-ligands based on the dpp ligand 
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The numbers in thii t&k refer to the mokac dii. 

ere given in A and the intmphnar angle 

The related bialigand6 are given the dii ntnnbef in degrees. These were obtained using MM2 cakulat- 

suifb& by (4ez. ions (eqmtan 4.3 program). A poeitiie angle irr@e~~ 
Phyaicalpmpmtieagiveninre~9arere4atedtothis _ divergence d the nitrogen-find cd the pyridazine 
system of nuivbming. nng6; a negative angle impiise convmge me. 

The preparation of cavity bii-ligands has been approached using two protocols (Schemes 4 and 5). each 

of which starts from a his-norbomene-ended molrac. In this way it is possible to develop the cavity arms so that 
they screen the upper or lower face of the molrac. Reaction of the known upward-facing molrac diene 97 as well 
as the stretched diene 10 made analogously to 9. with the s-tetrazine 4 / DDQ reagents provided the 

corresponding bis-ligands B(dpph and lO(dpph respectively (Table 1, ElO, Ell). 
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Preparation of downward-facing molrac bis-ligands is typified by the preparation of the bis-ligand 

13(dpp)a. This involves conversion of the end-terminal norbomene n-bonds of molrac diene 11 to the bis- 

cyclobutene diester 12 by Ru-catalysed [2+2] cycloaddition of dimethyl acetylene dicarboxylate.* Subsequent 

[4+2] cycloaddition of cyclopentadiene onto 12 produces the doubly bent-adduct 13 as the major stereoisomer. 

Application of the s-tetraxlne / DDQ sequence to 13 yields the molrac bis-ligsnd 13(dPpb (see Table 1; E8). 

The use of 1,3&oxadiaxole 15 as a stereospecific coupling agent for linking norbornenesg opens an 

alternative avenue to molrac bis-ligands. Reaction of Smith’s dister 7 with the 2,5-bistrifluoromethyl-1,3,4- 

oxadiaxole 15, another reverse electron-demand diene, forms the exu,exo-coupled product 16 where reaction has 

again occurred selectively at the norbomene x-bond. Reaction of 16 with cyclopentadiene produces the doubly 

bent-2: 1-adduct 17 as the preferted product. Treatment of 17 with s-tetraxine 4 / DDQ yields the bis-ligand 

17(dpp)2. The angle between the two ligand centres depends on the nature and the length of the spacer unit: 

the more norbomane compared to cyclobutane sub-units in the molrac. the greater the curvature of the spacerlo 

Thus the toe-in angle for bis-ligand lT(dpp)g at 40 deg is greater than that for bis-ligand ls(dpp)z at 27 deg, 

although each has a formal separation of lOo-bonds. Calculated geometry for other bis-ligands is provided in 

Table 1. 
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