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Abstract: 1,1'-Bis(4,2':6',4''-terpyridin-4'-yl)ferrocene (1) reacts with ZnCl2 to yield a 

double-stranded 1D-coordination polymer [{Zn2(1)Cl4}.3CHCl3]n. The 1,1'-functionalized 

ferrocene core adopts a cisoid-conformation, giving rise to a folded conformation for 1 and 

a double-stranded 1D-polymer chain. This contrasts with previously reported multi-

stranded chains supported by 4,2':6',4''-terpyridine ligands in which the multiple-nature of 

the chain arises from multinuclear metal nodes. 
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The use of polytopic ligands is a powerful strategy for directing the assembly of 

metallomacrocycles and coordination polymers and networks [1]. We have shown that 

3,2':6',3''- or 4,2':6',4''-terpyridines (tpy) are versatile divergent polytopic ligands in which 

each terminal pyridyl ring can coordinate a different metal centre. The combination of 

multiple tpy domains generates new tectons [2] for the assembly of 2D-networks, 

interpenetrating 2D → 2D parallel interpenetrated networks, and 3D-frameworks [3,4,5]. 

In these examples to date, the 3,2':6',3''- or 4,2':6',4''-tpy domains are connected by a 

phenylene spacer; rotation about the Cphenyl–Ctpy bonds leads to these polytopic ligands 

being able to act as planar or C2 4-connecting nodes (Scheme 1). Additional rotational 

freedom can be introduced by using organometallic sandwich units as connectors, the 

archetype of which is ferrocene [6,7]. Despite the variety of known 1,1'-ferrocenyl-centred 

polytopic ligands [6,7], few exhibit pyridine or polypyridine metal-binding domains. Braga 

et al. have investigated the coordination behaviour of 1,1'-bis(pyridin-4-yl)ferrocene, 

demonstrating that a cisoid-conformation is favoured leading to discrete molecular rather 

than polymeric assemblies [8,9]. 1,1'-Bis(pyridin-2-yl)ferrocene and its permethylated 

analogue act as N,N'-chelates to Cu+ and Pd2+ [10,11,12], or can bind two metal centres in 

discrete complexes [12]. Here we report the first example of a polytopic bis(4,2':6',4''-

terpyridine) ligand containing a 1,1'-ferrocenyl spacer and its reaction with ZnCl2 to give 
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an unusual double-chain 1D-coordination polymer. 

 

 
Scheme 1. Limiting topographies of 4-connecting nodes featuring polytopic 4,2':6',4''-tpy 

ligands with phenyl spacers (see references [3–5] for R). 

 

Compound 1 (Scheme 2) was prepared according to the method reported by Wang and 

Hanan [13] and is poorly soluble in most organic solvents, although enough material 

dissolved in CDCl3 to permit a 1H NMR spectrum to be recorded [14]. The ferrocenyl unit 

is characterized by two multiplets (δ 4.85 and 4.59 ppm) of equal intensity, consistent with 

functionalization on each cyclopentadienyl ring. Signals for the tpy domain [14] were also 

consistent with the structure shown in Scheme 2. In the MALDI mass spectrum, the 

highest mass peak envelope at m/z 649.52 was assigned to [M+H]+. 

 

 
Scheme 2. Structure of ligand 1.  

 

Red crystals of [{Zn2(1)Cl4}.3CHCl3]n were obtained from reaction of ZnCl2 with 1 under 

room temperature crystallization conditions [15]. The very poor solubility of 1 resulted in a 

suspension in CHCl3 rather than a solution of the free ligand being used, and insufficient 

bulk material of the product for powder diffraction or elemental analysis was obtained. 

Single-crystal structure determination [16] revealed the formation of the coordination 

polymer [{Zn2(1)Cl4}.3CHCl3]n. The complex crystallizes in the monoclinic space group 
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P21/n, and Fig. 1 shows the asymmetric unit which contains two independent Zn atoms 

(each tetrahedrally coordinated) and two halves of two ligands 1. As expected [17], the 

4,2':6',4''-tpy unit binds the Zn centres only through the outer pyridine rings. The second 

half of each ligand is generated by a 2-fold screw axis, with 1 adopting a cisoid-

conformation. Bond lengths (caption to Fig. 1) and angles in the coordination spheres of 

Zn1 and Zn2 and in the ferrocene unit are typical.  

 
Fig. 1. The asymmetric unit in [{Zn2(1)Cl4}.3CHCl3]n with symmetry-generated atoms; H 
atoms and solvent molecules are omitted for clarity. Symmetry codes: i = 3/2–x, –1/2+y, 3/2–
z; ii = x, 1+y, z; iii = 3/2–x, 1/2+y, 3/2–z; iv = x, –1+y, z. Selected bond distances: Zn1–N6iv 
=  2.042(4), Zn1–N1 = 2.035(4), Zn1–Cl1 = 2.2453(13), Zn1–Cl2 = 2.2435(13), Zn2–N3 = 
2.076(4), Zn2–N4 = 2.079(4), Zn2–Cl3 = 2.2499(15), Zn2–Cl4 = 2.2708(14) Å. 
 

The cisoid-conformation of 1 results in a double-stranded chain, with tpy units in the same 

ligand lying over the top of each other (Fig. 2). However, each tpy domain is significantly 

bowed, and only the central pyridine rings of the two tpy units are able to engage in face-

to-face π-stacking (centroid...centroid separation = 3.60 Å and  centroid...ring-plane 

distance = 3.35 Å). Double-stranded chains have previously been observed for 

[Cd2(OAc)4(4'-(biphenyl-4-yl)-4,2':6',4''-tpy)2]n [18], but in this case, the origin of the 

double-strands is the presence of dinuclear {Cd2(OAc)4} nodes, each node binding four 

separate 4,2':6',4''-tpy ligands. Similarly, in [Mn3(OAc)6(4'-(4-BrC6H4)-4,2':6',4''-tpy)3]n, 

trinuclear {Mn3(OAc)6} nodes gives rise to a triple-stranded chain [19], and in 

[{Zn5(OAc)10(4'-(pentafluorobiphenyl-4-yl)-4,2':6',4''-tpy)}.11H2O]n, {Zn5(OAc)10} nodes 

lead to an unusual quadruple-stranded chain [20]. The assembly of [{Zn2(1)Cl4}.3CHCl3]n 

is, to the best of our knowledge, the first example of a 1D-coordination polymer with 
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4,2':6',4''-tpy ligand linkers in which a bis(4,2':6',4''-tpy) presents a folded conformation to 

generate a double-stranded chain. The closest Zn...Zn separation across the chain is 

4.678(1) Å. Atoms Cl3 and Cl4 of one ZnCl2 unit face atom Zn1 across the chain (Fig. 2) 

but the Zn1...Cl3 and Zn1...Cl4 distances of 4.291(2) and 4.155(2) Å are too long to be 

considered meaningful interactions. 

 
Fig. 2. Part of one chain in [{Zn2(1)Cl4}.3CHCl3]n. 

 

The double-stranded chains propagate along the b-axis, with their zig-zag form (Fig. 3) 

arising from the V-shape of the 4,2':6',4''-tpy domains. Adjacent chains nest together 

forming sheets, but, in contrast to related structures [17,18,19,20,21,], there are no close 

contacts between neighbouring chains (coloured blue in Fig. 3a). This results in void space 

which is occupied by CHCl3 molecules.  

   
Fig. 3. Stick and space-filling representations of double-stranded chains in 

[{Zn2(1)Cl4}.3CHCl3]n to illustrate packing. The structure is viewed down the a-axis, and 

chains coloured blue pack into sheets in the bc-plane. Solvent molecules are omitted. 
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In conclusion, the ferrocenyl-centred polytopic ligand 1 exhibits a folded conformation in 

the 1D-coordination polymer [{Zn2(1)Cl4}.3CHCl3]n leading to a double-stranded zigzag 

chain. This contrasts with previously reported multiply-stranded chains containing 

4,2':6',4''-terpyridine ligands in which the nature of the chain arises from di-, tri- or 

pentanuclear metal nodes. 
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