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COMMUNICATION 

Multinucleating 2,2’:6’,2’’-terpyridine 
ligands as supramolecular building blocks; 
heterotrinuclear complexes and the crystal 
and molecular structure of 
6’,6’’- bis( 2=pyridyl)””’:4’,4’’:2’’,2’’’= 
quaterpyridine (btpy) 
EDWIN C. CONSTABLE*’, ALEXANDER M. W. CARGILL THOMPSON’ and 
DEREK A. TOCHER2 

Cambridge Centre for Molecular Recognition, University Chemical Laboratory, Lensfield Road, Cambridge CB2 I E U :  U K  
and Department of Chemistry, University Colfege London, 20 Gordon Street, London W 1 H  OAJ, U K  

(Received January 13, 1993) 

The crystal structure of the dinucleating 2,26‘,2”-terpyridine ligand 
6‘,6-bis(2-pyridyl)-2,24,42,2”’-quaterpyridine (btpy) has been 
determined and the two metal-binding tpy domains shown to be 
essentially planar and co-planar (H, a = 6.304(2), b = 8.208(2), 
c = 11.535(3) A, a = 97.42(2), /? = 104.25(2), y = 96.23(23”, Z = 1, 
d, = 1.36 g cm-’, 2214 unique observed reflections with I > 1.5~ ( I ) ,  
R = 0.0583); a methodology involving sequential reaction with 
non-labile and labile metal centres allows the specific assembly of 
heterometallic supramolecular oligomers such as [(Xtpy)Ru(btpy)M- 
(btpy)Ru(Ytpy)]”+ (M = cobalt(Il), cobalt(II1) or iron). 

Supramolecular coordination oligomers and polymers 
are of considerable interest and can be prepared by 
the interaction of suitable metal ions with multidentate 
ligands containing two or more metal-binding 
domains.’ - 4  The oligopyridines are ideal functionalities 
to incorporate into ligands for this application, as they 
spontaneously undergo self-assembly with a wide 
variety of metal ions to give stable, relatively non-labile 
complexe~.~ Three 2,2’-bipyridine (bpy) ligands can be 
arranged around an octahedral metal centre.6 Such a 
centre is chiral and if multinucleating ligand bpy 
domains are used to assemble multinuclear complexes, 
diastereomers are produced. In contrast, when two 
2,2:6,2”-terpyridine (tpy) functionalities are coordinated 
to a six-coordinate centre the resulting complex is 
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achiral. We are currently using multinucleating ligands 
containing tpy domains for the assembly of coordination 
oligomers and polymers and describe in this paper the 
structure of a multinucleating ligand and the systematic 
synthesis of heteronuclear ~ l igomers .~  

The dinucleating ligand btpy is prepared in good 
yield by the nickel(0) coupling of 4-chloro-2,2’:6’,2”- 
t e r~yr id ine ,~ .~  and slow evaporation of a chloroform 
solution yields pale yellow needles. The crystal and 
molecular structure of btpy is presented in Fig l.9 
Each of the tpy domains of the ligand adopts a trans, 
trans conformation about the interannular C-C bonds 
as has been observed in all previous examples of free 
oligopyridine l i g a n d ~ . ~ ” ~ . ’  ’ There are no significant 
interactions between the pairs of atoms N( 1) and N(3a). 
The individual tpy units are only approximately planar 
with angles of 23.9 and 22.0” between the planes of 
rings 1 and 2 and rings 2 and 3 respectively (rings 
defined by the nitrogen atom they contain). This is 
somewhat greater than observed in other 2,2‘:6‘,2”- 
terpyridine derivatives,” but is less than is observed 
in the related ligand 2,3,5,6-tetra(2-pyridyl)pyrazine. l 2  

There is a crystallographic inversion centre between 
C(8) and C(8a) relating the two tpy domains. The 
molecules are stacked up along the crystallographic a 
axis (6.304 angstroms) with no significant short 
contacts between molecules. 
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Figure 1 The crystal and molecular structure of btpy, plan view, showing numbering scheme adopted. 

We have previously shown that the homoleptic di- 
nuclear complexes [(Xtpy)M(btpy)M(Xtpy)In + (Xtpy = 
4-substituted-tpy) are readily prepared., The reaction 
of btpy with 1 equivalent of Ru(tpy)Cl, in hot 
HOCH,CH,OH for 20 minutes gives a deep red 
solution from which the salt [(tpy)Ru(btpy)][PF,], 
containing an un-coordinated tpy domain, was isolated 
in 41 % yield. The FAB mass spectrum (3-nitrobenzyl 
alcohol matrix) exhibits peaks at m/z 944 [(tpy)Ru- 
(btpy)][PF,] and 799 [(tpy)Ru(btpy)], with no significant 
peaks at higher mass. The 'H NMR spectrum (Fig 
2(a)) contains 16 resonances, 6 due to the tpy, and 5 
each due to the coordinated and free tpy fragments of 
the btpy ligand. This new cations, [(tpy)Ru(btpy)12 +, 
with a coordinatively unsaturated btpy ligand is 
synthetically extremely versatile. Reaction with 
[Ru(Xtpy)Cl,] in the presence of a reducing agent 
yields the heteroleptic species [(tpy)Ru(btpy)Ru- 
(Xtpy)14+ in which the two ruthenium centres are 
non-equivalent. The FAB mass spectrum of the 
complex [(tpy)Ru(btpy)Ru(tpy)][PF,], exhibits peaks 
clustered about m/z 1570 [(tpy)Ru(btpy)Ru(tpy)][PF,],, 
1424 [(tpy)Ru(btpy)Ru(tpy)][PF,], and 1280 [(tpy)Ru- 
(btpy)Ru(tpy)][PF,], whilst that of [(tpy)Ru(btpy)Ru- 
(MeO,Stpy)][PF,], exhibits peaks clustered about 
m/z 1 647 [( tpy)Ru(btpy)R u( Me0,S tpy)] [ PF,] 3, 1 502 

Ru(btpy)Ru(MeO,Stpy)][PF,]. Similarly, [(tpy)Ru- 
(btpy)0s(Xtpy)l4+ species which are expected to 

C(tPY)Ru(btPY)Ru(MeO,StPY)ICPF,I, and 1356 COPY)- 

exhibit interesting photochemical properties can be 
obtained by reaction of [(tpy)Ru(btpy)][PF,], with 
[Os(tpy)Cl,]. The FAB mass spectrum of the complex 
[(tpy>Ru(btpy)os(tpy)][PF,], exhibits peaks clustered 
about m/z 1656 [(tpy)Ru(btpy)O~(tpy)][PF,]~, 1512 
[(tpy)Ru(btpy)os(tpy)l[PF612 and 1367 [ ( ~ P Y W -  
(btpy)OS(tpy)][PF,]. Heterotrinuclear species of the 
form [(tpy)Ru(btpy)M(btpy)Ru(tpy)16 + (M = Fe, Co) 
can be simply prepared by adding a solution of excess 
of [(tpy)Ru(btpy)12+ to a solution of a labile cobalt(I1) 
or iron(I1) salt in 1:l H,O: MeCN. These complexes 
do not exhibit parent ions in either their FAB or laser 
desorption time-of-flight mass spectra, but show 
fragmentations peaks at m/z 943 [(tpy)Ru(btpy)][PF,] 
and 798 [(tpy)Ru(btpy)]. The paramagnetic di- 
ruthenium(II)cobalt(II) complex can readily be oxidized 
chemically or electrochemically to the diagmagnetic 
species [(tpy)Ru"(btpy)Co"'(btpy)Ru"(tpy)]'+. The 
diruthenium(II)iron(II) and diruthenium(II)cobalt(II) 
complex cations both contain only low-spin d6 metal 
centres and are diamagnetic, exhibiting 16 aromatic 
resonances in their 'H NMR spectra, assigned to 
the three non-equivalent coordinated tpy fragments. 
Assignments have been made by 2D COSY experiments 
and the 'H NMR spectrum of a CD3CN solution of 
the diruthenium(II)iron(II) complex [(tpy)Ru"(btpy)- 
Fe"(btpy)Ru"(tpy)][PF,], is shown in Fig 2(b). In the 
diruthenium(II)cobalt(II) complex, the five resonances 
of the tpy domains coordinated to the cobalt(I1) centre 
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I ( viii) 

'i) [Ru(tpy)Cl,] (0.8-2.5 equivalents), N-ethylmorpholine, MeOH; ( i i )  RuCl,.nH,O (0.5 equivs.), dimethylformamide; (iii) [Ru(tpy)CI,] 
(1 equiv.), HOCH,CH,OH; (iu) [Ru(Xtpy)Cl,] (1 equiv.), N-ethylmorpholine, MeOH; (o) [Os(tpy)Cl,] (1 equiv.), HOCH,CH,OH (oi) 
[Fe(H,O),][BF,], (0.5 equivs.), MeCN/H,O (uii) [Co(CH,COO),(H,O),] (0.5 equivs.), MeCN/H,O; (oiii) CI,, MeCN/H,O. 

I '  1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 1 ~ ' ~ 1 ~ 1 ' ' ~ 1 ' '  
i d . 0  9.8 916 9.4 9.2 9.0 8.8  8 . 6  8 . 4  8 . 2  8.0 7 . 8  7.6 7 . 4  7 .2  7.0 PPM 

(a) 

Figure 2 250 MHz 'H NMR spectrum of CD,CN solutions of (a) [(tpy)Ru(btpy)][PF61z (b) [(tpy)Ru(btpy)Fe(btpy)Ru(tpy)][PF,], 
and (c) paramagnetically shifted [(tpy)Ru(btpy)Co"(btpy)Ru(tpy)][PF,],. In spectrum c) a broad peak is also observed at -90 g. 
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Figure 2b 
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I 

4 . 5  

I 
+1.0 

Figure 3 Cyclic voltammogram of an acetonitrile solution of 

[BF,] supporting electrolyte), showing separate iron(II/III) and 
ruthenium(II/III) oxidation waves. 

C(M~~,~~PY)R~(~~PY)F~(~~PY)R~(M~O,S~PY)ICPF,I~ (CBu!" 

are paramagnetically shifted downfield and significantly 
broadened, whilst the proton resonances of the two 
tpy domains coordinated to the ruthenium(I1) centres 
are unshifted and only slightly broadened (Fig 2(c)). 

The cyclic voltammogram of [(tpy)Ru(btpy)][PF,], 
shows a single quasi-reversible oxidation (0.977 V) and 
two reversible reductions (- 1.56 V, - 1.89 V), as 
expected for a ruthenium(I1) centre in a bis-tpy 
environment3 (acetonitrile solution, [Bu:N][BF,] 
supporting electrolyte, all potentials quoted versus 
internal Fc/Fc +). In contrast, the trinuclear species 
[(tpy)R~~~(btpy)Fe"(btpy)Ru"(tpy)][PF,], exhibits a 
reversible one electron oxidation of the iron(I1) 
centre at approximately 0.80 V which is partially 
obscured by a similar two electron process at 0.968 V 
corresponding to the simultaneous oxidation of 
the ruthenium(I1) centres. Various ligand based 
reductions are also observed. In the related complex 
[(MeO,Stpy) Ru" (btpy) Fe" (btpy) Ru" (MeO,Stpy)] 
[PI?,], (Me0,Stpy = 4'-methylsulphonyl-tpy) the 
strongly electron withdrawing methylsulphonyl sub- 
stituent destabilises the ruthenium(II1) state and shifts 
the two electron ruthenium(II/III) couple to 1.075 V 
revealing the unaffected iron(II/III) couple as a one 
electron process at 0.850 V (Fig 3). 

We are currently investigating mixed ligand ([(Xtpy) 
Ru(btpy)Ru(Ytpy)I4+) and mixed metalpgand ([(Xtpy) 

Ru(btpy)Os(Ypty)14+) dinuclear systems and extending 
these approaches by a "complexes as ligands/complexes 
as metals" strategy' to longer chain oligomers. 
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