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Polybipyridine Ligands derived from Acyclic and Macrocyclic Polyamines; Synthesis 
and Metal Binding Studies 
Jean-Marie Lehn and Raymond Ziessel 
lnstitut Le Be1 (U.A. No. 422, C. N. R.S.), Universite Louis Pasteur, 4 rue Blaise Pascal, F-67000 Strasbourg, France 

A novel series of ligand bearing three to six pendant 2,2’-bipyridine groups attached to acyclic (tripode, tetrapode) 
and macrocyclic (cyclam, hexacyclen) polyamines has been synthesized and shown to form metal complexes, in 
particular of polynuclear type. 

The 2,2’-bipyridine group (bpy) has been very extensively 
studied in recent years for its rich co-ordination chemistry of 
metal ions and for the photochemical properties of its 
complexes.1 These attractive features also prompted the 
introduction of the bpy unit into macropolycyclic struc- 
tures,*--6 thus yielding ligands susceptible to yield photoactive 
metal complexes, in particular inclusion complexes of cryptate 

type which combine the features of polycyclic structures with 
the properties conferred by bpy groups.4.j 

Less highly connected (e.g. acyclic or branched) poly- 
dentate complexing agents allow binding properties and 
structural flexibility to be associated, and are well suited for 
the preparation of polymetallic complexes, which are of much 
interest for their potential multiredox and catalytic features. 
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Table 1. Electronic charge transfer absorption spectra and redox potentials of the complexes of tripodal ligand L1 and their bipyridine 
analogues. 

Compound Lax./nm 
{RU(bPY)2}3(L1)J6+ 446 (33 000) 
Ru(L1)12+ 462 (9600) 
Ru(bpy)312+ 452 (14 600) 
Fe(L1)I2+ 502 (1 150) 
Fe(bpy)312+ 520 (8050) 
{ Re(C0)3CI } 3 (LI >I 360 (6490) 
3e( bpy)(CO),Cle 385 (3100) 

E, /~ /VVVS .  S.C.E.' 
+1.36,-1.20,-1.41, -1.68 
+0.64, -1.24, -1.42, -1.69 
+1.21, -1.23, -1.42, -1.64 
+0.72, -1.31 
+0.96, - 
+1.37f, -1.44 
+1.30f, -1.37 

a Electronic absorption spectra were measured in MeCN for the Ru and Re complexes and in H 2 0  for the Fe species. Redox potentials were 
determined in dimethylformamide or MeCN using respectively a mercury or a platinum electrode and KPF, (0.1 M) as supporting electrolyte 
(S.C.E. = standard calomel electrode). V. Balzani, F. Bolletta, M. T. Gandolfi, and M. Maestri, Top. Curr. Chem., 1978, 75, 1, and 
references therein. W. W. Brandt, F. P. Dwyer, and E. C. Gyarfas, Chem. Rev., 1954, 54, 959. e J .  C. Luong, L. Nadjo, and M. S 
Wrighton, J. Am. Chem. Soc., 1978, 100, 5790. f Irreversible metal-localized oxidation. 

In particular a number of polypyridine ligands of acyclic7 or 
branched macrocyclic8 types have been synthesized and their 
metal complexes have been studied. 

We now report the efficient synthesis and some complexa- 
tion properties of a class of multibranched ligands in which 
several bpy groups are attached to acyclic and macrocyclic 
polyamines: tripode L1, tetrapode L2, and two branched 
macrocycles, tetrapode L3 and hexapode L4 in which bpy side 
chains are attached to the frameworks of cyclam, [14]-N4, and 
of hexacyclen, [ 18]-N6. 

Our interest in such ligands was also prompted by the role of 
ruthenium and rhenium bipyridine complexes in photochem- 
ical processes such as water reduction, water oxidation, and 
carbon dioxide reduction.9 

Ligands L1-L4 have been obtained in a straightforward 
manner. Monofunctionalization of 6-methyl-2,2'-bipyridinelo 
gave 6-(bromomethyl)-2,2'-bipyridine11 which was treated 
with acyclic primary amines such as 6-( aminomethy1)-2,2'- 
bipyridine12 and ethylenediamine, or with polyaza macro- 
cycles, such as cyclam and hexacyclen, giving ligands L1-L4. 
In a typical experiment, 6-(aminomethyl)-2,2'-bipyridine (1 
equiv.) and sodium hydroxide (2 equiv.) were dissolved in 
water-methanol and added dropwise to a methanolic solution 
of 6-(bromomethyl)-2,2'-bipyridine at room temperature. 
During the course of the reaction tripode L1 precipitated and 
the pH of the solution decreased. Tripode L1 was obtained as a 
white product in 80% yield after recrystallization (CH2C12, 
hexane; m.p. 142°C). The other ligands were obtained in a 
similar fashion: L2 (80% yield; m.p. 139"C), L3 (75% yield; 
m.p. 105 "C), and L4 (40% yield; glass).? This method appears 
generally applicable and should allow the preparation of a 
variety of polybipyridine ligands by per-methylbipyridination 
of acyclic or cyclic polyamines. 

At present, the complexation properties of mainly L1 have 
been explored and may serve to illustrate some binding 
features of L1-L4. 

Depending on the nature of the metallic precursor, mono- 
nuclear or trinuclear complexes could be prepared (Figure 1 
and Table 1). When L1 was allowed to react with 3 equiv. of 

isolated in 65% yield. Reaction with 3 equiv. of Re(CO)5C1 
in hot toluene yielded quantitatively [ { Re(C0)3C1}3(Ll)] 
[v(CO) 2020, 1915, and 1890 cm-11. Both complexes were 
isolated as a mixture of stereoisomers. Reaction of tripod L1 
with ruthenium blue,13 followed by chromatography and 
recrystallization, gave [ R u ( L ~ ) ] ( P F ~ ) ~  (55% yield). Similarly 

Ru(bpy)2C12.2H20 in MeOH, [{RU(bpy)2>3(Ll)](pF6)6 was 

t All new compounds have n.m.r. spectra (IH, 13C), mass spectral, 
and microanalytical data in agreement with their structure. 
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Figure 1. Schematic representation of metal complexes formed by the 
tripodal ligand L,: mononuclear Ru" or Fe" complexes (top); 
trinuclear Re(CO)&I or R~(bpy) ,~+  (bottom). 

[Fe(Ll)]S04-3H20 was obtained by reaction of tripod L1 with 
FeS04-7H20 in aqueous ethanol (goo/,). One may expect that 
in these complexes the metal ion is hexa-co-ordinated to the 
three bipyridine units of the ligand L1, in line with the known 
chemistry of such binding groups. The structure of the FeII 
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complex has been confirmed by X-ray crystallography which 
indicates also participation of the apical nitrogen. 14 

Cyclic voltammetry experiments showed that the two 
trinuclear complexes have redox potentials similar to those 
reported for Ru(bpy)32+ and R e ( b ~ y ) ( C o ) ~ C l  (Table 1). The 
mononuclear species presented interesting features. 
[Ru(L,)]2+ is about 600 mV easier to oxidize than its 
[ R ~ ( b p y ) ~ ] 2 +  analogue, but its reduction potentials are close 
to those of the trinuclear species. [Fe(L1)]2+ presents one 
reversible reduction wave, whereas no reversible reduction 
could be detected with its [ F e ( b ~ y ) ~ ] 2 +  analogue. The 
constrained tris-bipyridine ligand L1 thus produces a marked 
stabilization of the Ru"' and Fe"' oxidation states with respect 
to those of the corresponding tris-bpy complexes and allows 
species such as [Fe(Ll)]+ to be prepared which are not 
obtainable with free bpy as ligand. 

The trinuclear complexes are fluorescent in MeCN solution 
at room temperature: [ { R u ( b p ~ ) ~ } ~ ( L ~ ) ] 6 + ,  Aem. 610 nm; 
[ {Re(C0)3C1}3(L,)], kern, 598 nm, when excited in their 
metal-to-ligand charge-transfer absorption band. However, 
no luminescence could be detected for the mononuclear 
complex [Ru(L,)]2+ at room temperature in H20,  MeOH, 
MeCN, or  CH2C12 solutions. Even in a methanol glass at 80 K 
there is still no luminescence between 600 and 900 nm.$ Steric 
hindrance at the ruthenium centre,15 distortion of the co- 
ordination octahedron, as well as a rapid internal quenching 
by the electron pair of the apical nitrogen atom might cause 
the lack of luminescence. 

The metal binding properties of ligands LI-L4 are being 
explored further, in particular with respect to their ability to 
form polynuclear complexes of potential use for the catalysis 
of multielectronic reactions such as the oxidation of water or 
the reduction of carbon dioxide. The synthesis of these 
polybipyridine ligands and of related molecules should make 
available a great variety of novel transition metal complexes of 
interest for their structural, thermodynamic, electrochemical, 
photochemical, and catalytic properties. 
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