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research highlights
METAL–METAL BONDING

Zinc on the line
Angew. Chem. Int. Ed. http://doi.org/ 
f28dp2 (2015)

The ability to form homonuclear bonds 
varies greatly from one metal to the next. 
In group 12 alone, for example, Hg–Hg 
compounds are well-known, Cd–Cd less 
common, and those featuring Zn–Zn bonds 
have only been prepared in the past decade 
or so; and they typically feature zinc centres 
that have coordination numbers of three or 
higher. Metal bonding is intriguing from a 
fundamental perspective, and Zn–Zn bonds 
are also investigated for applications in 
synthesis and catalysis. Now, using very bulky 
amide ligands, Laurent Maron, Cameron Jones 
and co-workers from Université de Toulouse 
and Monash University have prepared a series 
of complexes featuring unusual metal–metal 
bonds, including a linear tri-zinc chain. All 
of the complexes were characterized by NMR 

spectroscopy and X-ray crystallography, and 
their bonding analysed computationally.

Compound L*ZnMg(MesNacnac) — 
where L* is the very bulky triisopropyl 
silyl amide ligand featuring five aryl rings 
(N(C6H2{C(H)Ph2}2

iPr-2,6,4)(SiiPr3)) 
and MesNacnac a β-diketiminate chelating 

ligand bearing mesityl (Mes) groups 
((MesNCMe)2CH) — was first obtained 
and it went on to serve as a source of ‘L*Zn’ 
fragments. It was prepared by the initial 
reduction of zinc halide (L*ZnBr) with 
the magnesium dimer {Mg(MesNacnac)}2, 
followed by reaction with additional halide 
precursor (L*ZnBr), giving a zinc(i) dimer 
(L*ZnZnL*). The formation of this di-zinc 
complex was easier with a less bulky version 
of the amide ligand (Lʹ). In that case, the 
reaction proceeded in one step — the 
LʹZnMg(MesNacnac) analogue is not obtained, 
though it is likely to be an intermediate. A 
similar reaction occurred when cadmium 
and mercury were used instead of zinc, giving 
rise to an isomorphous family of LʹMMLʹ 
complexes (M = Zn, Cd, Hg).

Furthermore, reaction between 
L*ZnMg(MesNacnac) and another zinc halide, 
ZnBr2, in a 2:1 ratio produced the tri-zinc 
compound L*ZnZnZnL*. The three zinc atoms 
are two-coordinate, and form a mixed-valence 

Ring-opening metathesis polymerization 
(ROMP) is a powerful technique during 
which chain growth occurs by alkene 
metathesis between the chain end 
(coordinated to a catalyst) and a cyclic 
olefin. However, as the polymerization is 
driven by the release of ring strain, using 
large macrocycles as monomers is usually 
ineffective — and this limits the length and 
complexity of repeat units in the resulting 
polymer chains. Recently, ROMP of an 
unstrained cyclohexene was induced by 
a ‘relay’ approach: an adjacent alkyne 
moiety first undergoes metathesis with the 
growing chain end, and this enables fast 
intramolecular metathesis with the normally 
unreactive cyclohexene alkene. Because of 
the relative positioning of the alkyne and 
alkene, this opens the cyclohexene ring 
despite little to no release of ring strain.

Now, Will Gutekunst and Craig Hawker 
at the University of California, Santa 
Barbara have taken advantage of this 
relay strategy to carry out ROMP of larger 
macrocycles, and, importantly, ones that 
contain multiple functionalities along the 
cycle. They designed and synthesized a 
universal ‘polymerization trigger’ molecule 
containing an enyne functionality to 
enable ring opening of the macrocycle by 
intramolecular metathesis. The macrocylic 
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monomer features this enyne trigger and any 
sequence to be incorporated into the final 
polymer, and they are connected through 
carboxylic acid and alcohol moieties. Taking 
advantage of this, Gutekunst and Hawker 
used short oligopeptides connected to the 
trigger molecule. This gave some degree of 
sequence control in the resulting polymer, 
which contained repeated segments of tetra- 
or penta-peptides.

They found that amino-acid-containing 
monomers polymerized slower than simpler, 

alkane chain monomers, but still produced 
polymers with narrow dispersities and 
controlled molecular weights. Another 
notable feature is that the amino acids in 
the polymer backbone are susceptible to 
hydrolysis, in contrast to traditional ROMP-
synthesized polymers, whose hydrocarbon 
backbones are very resistant to degradation. 
This method promises versatility in both 
polymer sequence and properties, and may 
prove to be a useful complement to more 
traditional ROMP methods.  CH
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