
(109.7°), perhaps implying that their silylene 
is more reactive than Rekken and colleagues’ 
compound.

Both silylenes exhibit striking thermal  
stability for divalent silicon compounds:  
Rekken and colleagues’ compound is stable up 
to 146 oC, whereas Protchenko and colleagues’ 
compound is stable up to 130 oC. The stability 
of the new silylenes must be due largely to steric 
protection of the reactive silicon atoms by the 
attached groups (in other words, the bulky 
groups shield the silicon atoms from attack 
by other molecules). The bulky groups might 
also stabilize the compounds by donating  
electrons to the silicon atom.

Further insight into the chemical bonding 
in the two silylenes was obtained by looking at 
the signals (the chemical shifts) of silicon-29 
nuclei in the nuclear magnetic resonance 
spectra for the molecules. In both cases, the 
chemical shifts have strongly positive val-
ues (285.5 parts per million for the silicon in  
Rekken and colleagues’ silylene, and 
439.7 p.p.m. for that in Protchenko and col-
leagues’ compound). These values fall between 
the corresponding chemical shift (78 p.p.m.) 
measured in a classic silylene4 that is stabilized 
by electron donation from nitrogen atoms on 
either side of the silicon, and that of another 
previously reported silylene13 that is stabilized 
only by steric hindrance (567 p.p.m.). The 
chemical shifts for the new silylenes provide 
further clear evidence that the compounds are 
indeed divalent silicon compounds. Moreover, 
the shifts suggest that Rekken and colleagues’ 
silylene is partially stabilized by electron dona-
tion from the sulphur atoms adjacent to the 
silicon atom, and that Protchenko and col-
leagues’ silylene may also be partially stabilized 
by electron donation from the atoms on either 
side of the silicon, but to a lesser extent.

The interest in silylenes lies in 
their reactivity — particularly the 
possibility that they can ‘activate’ 
small molecules, such as hydro-
gen, to allow such molecules to 
take part in potentially useful 
chemical reactions. Rekken et al. 
report that their silylene does not 
react with hydrogen, although it 
does combine with another small 
molecule (iodomethane; CH3I) in 
a typical silylene reaction. Protch-
enko et al., however, find that their 
compound captures hydrogen 
readily to yield a dihydride prod-
uct that has two silicon–hydrogen 
bonds. This is the first example of 
the reaction of hydrogen with a 
silylene. What’s more, the reaction 
is a remarkable single-site activa-
tion process — one in which both 
hydrogen atoms become attached 
to the same atom. Most other acti-
vation processes involve two sites.

Further study of the chemical 

I N O R G A N I C  C H E M I S T R Y

Two-armed silicon
Compounds of transition metals are often used to activate small molecules for 
chemical reactions. The discovery of unusual silicon-containing compounds 
raises the prospect of metal-free activators.
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R O B E R T  W E S T

Any chemist will tell you that silicon 
atoms are tetravalent — that is, they 
have four electrons available for 

chemical bonding, and therefore usually form 
four single bonds to other atoms. But two 
papers1,2  published in the Journal of the Am -
eri can Chemical Society report some remark-
able silicon-containing compounds known as 
silylenes, in which the silicon atom forms only 
two single bonds and so is said to be di valent. 
They are the first stable silylenes that are  
acyclic (the silicon does not form part of a ring 
of atoms), and therefore open up a new chapter 
in the chemistry of divalent silicon.

Among the elements in group 14 of the  
periodic table (from carbon to lead, all of 
which have four electrons available for bind-
ing), carbon and silicon are the most reluc-
tant to form divalent compounds. The first 
stable divalent carbon compounds, known 
as carbenes, were discovered3 in 1991, and 
the synthesis of stable divalent silylenes fol-
lowed a few years later4–6. These first, highly 
reactive silylenes are now regarded as classic 
compounds, and have become the starting 
materials for an elaborate branch of silicon 
chemistry7–9. 

The classic silylenes are cyclic molecules 
in which two nitrogen atoms are 
attached to the silicon. These 
nitrogens are believed to stabi-
lize the divalent silicon atom, in 
part by donating electrons to a 
vacant orbital on the silicon. The 
cyclic structure also seems to give 
the molecules stability. Acyclic 
silylenes that have two nitrogen 
atoms bonded to divalent silicon 
have been detected, but these 
compounds are not stable at room 
temperature10,11. The synthesis of 
stable acyclic silylenes is there-
fore a crucial advance because it 
greatly expands the scope of diva-
lent silicon chemistry.

The compound now reported 
by Rekken et al.1 has a remarkably 
simple structure consisting of a 
silicon atom flanked by two iden-
tical, bulky arylsulphur groups 
(aromatic rings connected to the 
silicon atom by sulphur atoms; 
Fig. 1a). The authors prepared it 

from a starting material that was structurally 
identical to the silylene product, but in which 
two bromine atoms were also attached to the 
silicon atom. They removed the two bromine 
atoms using a magnesium-containing reduc-
ing agent.

In the second paper2, Protchenko and col-
leagues’ silylene (Fig. 1b) has a more complex 
structure than Rekken and colleagues’ com-
pound (for example, it is not symmetrical, 
and the silicon atom sits between a nitrogen 
atom and a boron atom), and it required a 
more complicated synthesis. Protchenko 
et al. also started from a brominated material, 
but they reacted it with a boron-containing  
reagent12 that not only reduces the silicon– 
bromine bonds in the starting material, but 
also attaches itself to the silicon atom to yield 
the final product.

Both Rekken et al. and Protchenko and col-
leagues obtained X-ray crystal structures of 
their silylenes to provide conclusive proof of 
what they had made, and also to learn more 
about the atomic bonding in the compounds 
— which in turn can help to explain the com-
pounds’ reactivities and stabilities. Rekken 
et al. found that the sulphur–silicon–sulphur 
bond angle in their silylene is 90.52°. The 
angle at the silicon atom in Protchenko and 
colleagues’ compound is somewhat larger 

Figure 1 | Acyclic silylenes. Two teams report the synthesis of the first 
thermally stable compounds in which a divalent silicon atom — one that forms 
two single bonds — does not form part of a ring of atoms. a, In Rekken and 
colleagues’ silylene1, a silicon atom is flanked by two sulphur atoms. The dots 
on the silicon atom represent a lone pair of electrons, and the bond crossed by 
a wavy line in the Ar group indicates the point of attachment of the group to 
the silylene. Me, methyl group. b, In Protchenko and colleagues’ silylene2, the 
silicon atom is between a nitrogen and a boron atom. Divalent silicon atoms 
in a and b are shown in red.
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reactions of these acyclic silylenes will no 
doubt lead to the synthesis of a variety of inter-
esting chemical compounds. And now that 
Rekken et al. and Protchenko et al. have shown 
the way, we should see a growing family of  
acyclic, di valent silylenes with as yet unknown 
structures and properties. ■
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C A N C E R  B I O L O G Y

The director’s cut
A genome-wide characterization of active translation of messenger RNA 
following inhibition of mTOR will transform our view of this signalling protein’s 
regulatory role in cancer. See Article p.55 & Letter p.109

A N T O N I O  G E N T I L E L L A  &  G E O R G E  T H O M A S

Many cellular responses to external 
stimuli are comparable to the inte-
grated performances of musicians 

in an orchestra, as directed by the conductor. 
By elucidating cellular signalling pathways, sci-
entists can identify the individual components 
underlying disease, and attempt pharmacologi-
cal mitigation. These ambitious goals require 
groundbreaking approaches. One such tool 
is ribosome profiling — a global approach to 
assess active translation of cellular messenger 
RNA that provides an unprecedented picture 
of the regulation of protein synthesis1. In this 
issue, Hsieh et al.2 (page 55) and Thoreen 
et al.3 (page 109) use this method to analyse 
the ‘translational landscape’ controlled by a 
kinase protein named mTOR, a key regulator 
of protein synthesis.

mTOR regulates the translation of many 
proteins that promote cell-cycle progression4, 
and aberrant mTOR activity is implicated in 
numerous human diseases, particularly cancer. 
This means that resolving the complexity of the 
translational network directed by this kinase 
could markedly improve our understanding of 
basic disease processes, and pave the way for 
more accurate therapeutic strategies. 

Previously, mTOR was thought to regulate 
the translation of a family of mRNAs that 
have highly structured 5ʹ untranslated regions 
(5ʹUTRs) located upstream of the translation 
start site (TSS) in the mRNA molecule. In a 
cell in which mTOR signals are absent, mem-
bers of the 4E-BP protein family suppress the 
translation of mRNAs by binding the protein- 
synthesis initiating factor 4E (ref. 4). Activa-
tion of mTOR leads to phosphorylation of 
4E-BP proteins, which represses their activity, 
thereby restoring protein synthesis (Fig. 1). 

The two new studies2,3 broaden this view of 
mTOR activity. The researchers used ribosome 
profiling in human prostate cancer cells2 and 
mouse embryonic fibroblast cells3 that had 
been treated with mTOR-inhibitory molecules 
called PP242 and Torin 1, respectively. The 
drugs are ATP-site competitive inhibitors that 
directly inhibit mTOR’s ability to bind ATP, a 
molecule required to functionally modify sub-
strate protein phosphorylation. Because these 
drugs inhibit mTOR activity more fully than 
the archetypal mTOR inhibitor rapamycin, 
which alters the protein’s substrate recognition 
but not kinase activity5,6, the researchers were 
able to thoroughly probe which mRNAs are 
affected by mTOR inhibition. 

Unexpectedly, both groups report that 
the main class of mRNA molecules affected 
shortly after drug treatment contain short, 
unstructured 5ʹUTRs, in contrast to the highly 
structured 5ʹUTRs previously reported4. 
Never theless, a parallel study7 has shown that 
this latter class of mRNA is negatively affected 
at later times after mTOR inhibition. Hsieh 
et al. and Thoreen et al. identified fewer than 
200 affected protein-encoding transcripts, 
which fall into two groups (Fig. 1). The mRNA 
sequences of one group are characterized by 
a tract of pyrimidine RNA bases at the TSS, 
termed a 5ʹTOP, which invariably begins with 
a cytosine base8. Hsieh and colleagues identify 
the second group of mRNAs as containing a 
pyrimidine rich translational element (PRTE) 
within the 5ʹUTR, whereas Thoreen and col-
leagues describe these molecules as having a 
5ʹTOP-like sequence at the TSS.

The 5ʹTOP sequence is known to regulate 
the translation of mRNAs coding for ribo somal 
proteins and a number of protein-synthesis  
factors, and it has been shown9 that the transla-
tion of mRNAs containing 5ʹTOP sequences 

is controlled by mTOR. However, these previ-
ous studies were performed using rapamycin, 
which only partially inhibits 4E-BP activity6. 
Importantly, an earlier study10 found that 
overexpression of 4E in cells was not sufficient 
to drive the translation of 5ʹTOP-mRNAs and 
that the level of translation of 5ʹTOP-mRNAs 
versus other mRNAs showed similar sensitiv-
ity to a 4E-inhibitory molecule. These findings 
suggested that the selective effects of 5ʹTOP-
mRNA translation are independent of 4E and 
possibly mediated by a regulatory factor that 
interacts directly with the 5ʹTOP (ref. 11).

However, the current studies show that nei-
ther PP242 nor Torin 1 has an inhibitory effect 
on translation of 5ʹTOP mRNAs in cells lack-
ing 4E-BP1/2, despite the fact that these drugs 
inhibit mTOR more effectively than rapamycin. 
How can these conundrums be explained? It 
may be that 4E-BP proteins are required but are 
not sufficient for 5ʹTOP translation. Because 
translation is regulated by proliferative signals 
and nutrients, it will be important to determine 
whether deprivation of either suppresses 5ʹTOP 
translation in 4E-BP-deficient cells. Moreover, 
as 5ʹTOP mRNAs can represent up to 20% of 
a cell’s total mRNA, it will be crucial to deter-
mine whether ribosome-profiling techniques 
such as those used by Hsieh et al. and Thoreen 
et al. favour the representation of this class of 
mRNA over less abundant transcripts with 
highly structured 5ʹUTRs.

One of the most intriguing observations 
in these papers is the identification, by both 
groups, of new and distinct regulatory motifs 
(RNA sequence elements found in mRNA 
molecules) that are regulated by mTOR. Hsieh 
et al. show that the PRTE motif is present in 
most mRNAs that are sensitive to mTOR 
inhibition, with most of the molecules also 
having a 5ʹTOP, although two small subsets of 
the mRNAs have only one of the two motifs. 
In turn, the 5ʹTOP-like mRNAs identified by 
Thoreen and colleagues do not seem to con-
tain a cytosine at the TSS, although a complete 
characterization of the TSS of those mRNAs is 
still required. In light of these observations, it 
is tempting to surmise that combinations of 
regulatory elements within the 5ʹUTR of these 
mRNAs may confer differential sensitivity to 
mTOR signalling. 

These findings suggest the existence of a 
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motions and rearrangements of atoms 
involved in a structure change, there are only 
a few key modes that most strongly couple 
to the reaction coordinate. We will need 
to understand these critical motions and 
again the mode couplings in barrier crossing 
regions to increase the quantum yield.

Here we can take some lessons from 
biological systems. The quantum yield 
for the photoisomerization of retinal in 
rhodopsin-based protein systems is 65%, 
with the reaction dynamics occurring on a 
100 fs timescale — comparable to that for 
quantum decoherence5. The surrounding 
protein medium has evolved to help create 
a repulsive surface that very efficiently 
couples high-frequency modes into the low-
frequency, torsional, reaction mode. We will 
need to learn similar strategies in designing 
molecular motors. For maximum efficiency, 
it is not enough to design just the engine. 
Loosely speaking, we need to also design the 
car it is intended to drive, that is, we need 
to design the surroundings to provide the 

scaffold for maximum conversion of energy 
into the desired motion.

The required molecular scaffolding 
surrounding a molecular motor has been 
identified as one of the grand challenges of 
synthetic chemistry6. This latter quest will 
test our understanding of the system–bath 
interactions, especially when, for maximum 
efficiency, we need to have the system 
operate on timescales close to those of 
quantum decoherence. There are profound 
issues related to the entanglement of the 
system-bath and decoherence effects, which 
ultimately lead to the collapse into product 
channels of mixed states within barrier-
crossing regions.

In the quest to increase the efficiency 
and power output of molecular motors, 
we will learn how to craft potential energy 
surfaces to direct motions faster than the 
energy redistribution, or energy loss, on 
timescales that will surely approach quantum 
coherence limits. At this point, we will be 
learning principles of molecular assembly and 

optimization of reaction dynamics that years 
from now may be construed to be our first 
real steps towards artificial biology. The motor 
is clearly an enduring concept as it enters a 
new length scale, and once again proves to be 
an ‘engine’ for the advancement of science. ❐
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Silicon is the second most abundant 
chemical element in the Earth’s 
crust, a semi-metal and non-toxic. 

Needless to say, we can hardly escape from 
mobile phones and computers — major 
achievements of the ‘silicon age’ that 
highlight the central role of elemental silicon 
as a basic material for modern energy 
and information technologies. Silicon 
compounds also play an important role 
in nature (for example, silica and metal 
silicate minerals) and in our daily life (for 
example, biocompatible organosilicon-based 
materials). However, it is highly desirable to 
expand the chemical functionalities of silicon 
compounds and create ones that could 
provide sustainable technological solutions. 
One of the challenges is to develop novel sub-
valent silicon compounds that could replace 
expensive precious-metal catalysts (such as 
platinum) for activation of important small 
molecules such as dihydrogen.

Thanks to tremendous recent progress 
in silicon chemistry1,2, silylenes (R2Si:) 
represent a promising class of versatile 

species with high capability for activating 
small molecules. They are divalent, 
dicoordinate neutral silicon species. 
Simple ‘genuine’ silylenes, that is, the 
silicon analogues of carbenes, are typically 
short-lived species with enormously high 
reactivity. Therefore, until two decades ago, 
silylenes were considered to be extremely 
elusive species that undergo conversion even 
at liquid-nitrogen temperatures (–196 °C). 
However, this situation changed profoundly 
in 1994, when West and co-workers 
described the first N-heterocyclic silylene 
(NHSi) stable at ambient temperature3. 
Meanwhile, numerous extremely stable 
NHSi compounds are known that take 
advantage of the kinetic stabilization given 
by sterically demanding substituents at 
the ring-nitrogen atoms, and electronic 
stabilization through π-donation of the lone 
pair of electrons of nitrogen into the empty 
3p orbital at the divalent silicon atom4. 

Compounds of NHSi are less reactive 
towards important small molecules (H2, 
CO, NH3 and so on) than ‘genuine’ silylenes. 

However, they possess both a formally 
vacant coordination site at silicon and 
a lone pair of electrons at nitrogen that 
provide a remarkably broad platform for 
the activation of even strong polar and 
nonpolar linkages, such as C–H and P–P 
bonds5. In other words, even very stabilized 
silylenes with a divalent silicon atom 
‘arrested’ in a heterocyclic ring system 
possess many striking features for small-
molecule activation, which until now has 
been almost exclusively the domain of 
transition metals. Despite recent progress, 
there are still hurdles in reactivity that need 
to be overcome to apply stable silylenes 
for the activation of the strongest linkages, 
such as H–H and C–H bonds of unactivated 
alkanes. As predicted computationally6, 
this seems feasible if one could synthesize 
acyclic silylenes, featuring a more obtuse 
angle at silicon. Such systems — possessing a 
reduced level of excited electronic state and 
providing much larger flexibility — might 
therefore open new doors to modes of 
reactivity more typical for transition metals. 

MAIN GROUP CHEMISTRY

Breaking the limits with silylenes
The successful synthesis of acyclic silylenes that are isolable at ambient temperature offers striking new 
opportunities to use stable silylenes for the activation of important small molecules such as dihydrogen and 
alkanes — hitherto almost completely the domain of transition metals.
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Unfortunately, previous efforts to synthesize 
acyclic diamino-substituted silylenes 
[(R2N)2Si:], isolable at ambient temperature, 
have been unsuccessful7.

Now, in the Journal of the American 
Chemical Society, two research groups have 
independently reported the first synthesis, 
isolation and structural characterization of 
two different types of acyclic silylenes, stable 
at ambient temperature8,9. One of these 
communications, by Power and co-workers8, 
describes the formation and isolation of a 
bis(arylthio)-substituted silylene, (RS)2Si:, 
as colourless crystals in 51% yield through 
gentle reduction of the respective silicon(iv) 
precursor (RS)2SiBr2 by Jones’s Mg(i)–Mg(i) 
complex (Fig. 1a). Although acyclic, the 
latter silylene is remarkably stable up to 
146 °C and shows a downfield resonance in 
the 29Si NMR spectrum at δ = 285.5 ppm, 
indicating much less π-donation of the sulfur 
atoms into the empty 3p orbital at silicon 
compared with the electronic situation in 
NHSi compounds (δ = 78–119 ppm)2 or in 
the unstable diaminosilylene [(Me3Si)2N]2Si: 
(δ = 223.9 ppm)4. The obtuse S–Si–S angle 
of 90.52(2)° is significantly smaller than that 
calculated for [(Me3Si)2N]2Si: (110.2°) and 
those of NHSi compounds. However, because 
the electronegative thiolate ligands in Power’s 
silylene increase the energy separation of the 
silicon lone pair (HOMO) and its 3p orbital 
(LUMO) (4.26 eV) and the singlet–triplet 
gap, the compound is unreactive towards 
dihydrogen akin to NHSi compounds.

Independently, Jones, Mountford, 
Aldrige and co-workers describe in their 
communication9 a breakthrough solution 
for activating dihydrogen by a stable acyclic 
silylene even at 0 °C. They prepared a 
bulky boryl(amino)-substituted silylene, 
R2N(R2ʹB)Si:, in practically quantitative yield 
through redox reaction of the corresponding 
tribromo(amino)silane with a lithium boryl 
reagent in a molar ratio of 1:2 (Fig. 1b). Akin 
to Power’s silylene, the compound exhibits 
thermal stability at temperatures up to 130 °C.

However, in contrast to Power’s system, 
the boryl(amino)silylene shows an enormous 
downfield signal at δ = 439.7 ppm in the 29Si 
NMR spectrum, illuminating a particularly 
large electrophilicity of the divalent 
silicon atom, similar to that observed for a 
carbocyclic silylene10. Owing to the drastic 
widening of the bond angle at silicon (B–Si–N 
118.1(1)°) and the strong σ-donor character 
of the boryl ligand, the HOMO–LUMO 
gap comes down to 1.96 eV (compared 
with 4.26 eV for Power’s silylene). In other 
words, the drastic decrease of the HOMO–
LUMO gap enables the facile activation of 
dihydrogen. In fact, R2N(R2ʹB)Si: reacts with 
dihydrogen in hydrocarbon solutions readily 
(even at 0 °C) to give the corresponding 
dihydrosilane in quantitative yield, and the 
product has been fully characterized. This 
demonstrates for the first time a single-
site activation of dihydrogen by a silylene. 
Fascinatingly, the activation barrier for the 
process is merely 97.7 kJ mol–1, consistent 

with facile addition even below room 
temperature. This energy barrier is much 
lower than those calculated for dihydrogen 
activation employing NHSi compounds or 
acyclic diaminosilylenes, in line with the 
reduced singlet–triplet gap calculated for 
R2N(R2ʹB)Si:. Remarkably, the transition state 
for the [R2N(R2ʹB)Si: + H2] system is a side-on 
approach of the dihydrogen molecule to 
the Si(ii) atom with a trajectory essentially 
perpendicular to the B–Si–N plane. This 
situation is reminiscent of the single-site 
activation of dihydrogen by an electrophilic 
transition-metal centre, with donation of σ 
electron density of H2 into a vacant acceptor 
orbital of the metal site. Computations 
revealed that the dihydrogen activation 
and subsequent dehydrogenation of the 
divalent silicon atom is strongly exergonic 
by ΔG = –122.2 kJ mol–1. Accordingly, 
the process is irreversible because of the 
formation of two strong Si–H bonds.

The first synthesis of stable acyclic 
silylenes is just a prelude to another new 
exciting chapter in silicon chemistry, where 
silicon, as the most abundant and non-toxic 
semi-metal, can mimic typical reactivity 
features of rare transition metals (for 
example, platinum, iridium, ruthenium). 
The experimental results from both groups 
represent landmark discoveries that have 
not only accomplished a long-awaited goal 
in silicon chemistry but, more importantly 
to the broad community of generalists 
and molecular chemists, are inspiring 
for the design of novel sub-valent silicon 
compounds capable of the facile activation 
of other important small molecules (for 
example, C–H bonds of unactivated 
alkanes). Still unsolved is the design of a 
functional sub-valent silicon compound for 
the activation of methane. Not only that, 
but it seems particularly challenging to 
develop silicon-based systems for selective 
bond activation and as molecular catalysts 
for chemical transformations (for example, 
hydrogenation catalysts). ❐
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Figure 1 | Synthesis and isolation of the first acyclic silylenes, stable at ambient temperature. a, Reduction 
of a dibromo-bis(arylthio)silane with Jones’s Mg(i)–Mg(i) complex to give the desired bis(arylthio)
silylene8, which is unable to activate dihydrogen. b, Formation of a boryl(amino)silylene through one-pot 
redox reaction of a tribromo(amino)silane with a lithium boryl reagent in the molar ratio of 1:2 (ref. 9). 
Because of the much larger bond angle at silicon (N–Si–B 118.1(1)°) and a drastically smaller HOMO–
LUMO gap, this silylene reacts readily with dihydrogen even at 0 °C.

© 2012 Macmillan Publishers Limited. All rights reserved



614 NATURE CHEMISTRY | VOL 7 | AUGUST 2015 | www.nature.com/naturechemistry

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 

Put a ring on it J. Am. Chem. Soc. http://doi.org/5z5 (2015)
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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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linear Zn(i)–Zn(0)–Zn(i) chain. Again, using 
the cadmium and mercury halides instead 
of ZnBr2 produced the L*ZnCdZnL* and 
L*ZnHgZnL* analogues, respectively.  AP

TETRAHYDROFURAN SYNTHESIS

Carbene reaction re-routed 
Angew. Chem. Int. Ed. http://doi.org/ 
f277mq (2015)

The tetrahydrofuran ring is widely found as 
a substructure in natural products; a recent 
review listed in excess of 30 such marine 
natural products, some of which display 
interesting antimicrobial, antibacterial 
and anticancer properties. Stereoselective 
routes to substituted tetrahydrofurans are 
thus in demand, but despite much attention 
from the synthetic community, the most 
highly substituted compounds remain 
difficult to access. Now, Christopher Moody 
and co-workers from the University of 
Nottingham have reported a method in 
which either a rhodium or copper catalyst 
directs the combination of diazocarbonyls 
and β-hydroxyketones to form these sought 
after products. The second of these starting 
materials are, of course, readily accessible by 
aldol reactions.

Moody and co-workers have long had 
an interest in O–H insertion reactions of 
metallocarbenes. The tetrahydrofuran 
products appear — on paper — to be the 
result of an intramolecular aldol reaction 
after such an insertion reaction on the 
β-hydroxyketone starting material. Exposure 
of this apparent intermediate to the reaction 
conditions did not, however, result in the 
formation of any tetrahydrofuran product. It 
is proposed, instead, that an initially formed 
oxonium ylide (which may or may not 
first dissociate from the metal) undergoes 
an intramolecular cyclization to the 
tetrahydrofuran rather than the 1,2-H-shift 
that would result in the insertion product. 
Hydrogen bonding results in a well-ordered 
transition state for this process and explains 
the high observed diastereoselectivity.

The rhodium and copper catalysts seem 
to offer complementary reactivity — with 
rhodium working best with electron-rich 
diazoacetates and copper working best 

with electron-poor substrates. A variety of 
β-hydroxyketones substrates were studied, 
with rhodium catalysts found to be superior 
when these were secondary or tertiary 
alcohols. When catalysts with chiral ligands 
were used, those with rhodium resulted in 
essentially no chiral induction while those with 
copper gave low enantiomeric excess. This 
suggests that the key intermediate remains at 
least loosely bound to the metal in the case of 
copper while reactions with rhodium proceed 
through a metal-free intermediate.  SD

ENERGY STORAGE

Better together
J. Am. Chem. Soc. http://doi.org/5z6 (2015)

As society’s demand for energy gets ever larger, 
the development of technologies for both its 
efficient conversion and storage have become 
two of the most important goals for researchers 
today. Many of them are working towards 
the efficient conversion of solar energy, but 
given that the sun only shines for a portion 
of each day, energy for use during the hours 
of darkness must be stored post-conversion 
during the day. Storage and conversion systems 
tend to be separate, with solar cells converting 
light energy into electrical energy and batteries 
storing it in the form of chemical energy.

Now Yiying Wu and colleagues from Ohio 
State University have developed a device that 
integrates photoelectric conversion and energy 
storage. It brings together a lithium–iodine 
redox-flow battery and a dye-sensitized solar 
cell to create a system Wu and colleagues dub 
a ‘lithium−iodine solar flow battery’. It features 
a lithium anode, a platinum counter electrode, 
a titania photoelectrode sensitized with a 
ruthenium-based dye and an I3

−/I− electrolyte. 
On discharge the device functions similarly 
to a standard Li–I battery, lithium is oxidized 
at the anode, I3

− is reduced to I− at the counter 
electrode and an electric current is generated.

The charging process, however, is slightly 
different. As in a standard set up, an external 
voltage is applied and Li+ ions are reduced to 
metallic Li at the anode, however, the voltage 
is lower in comparison to that used in a 
conventional Li–I battery (2.9 V versus 3.6 V). 
This is because recharging is assisted by the 
dye-sensitized titania. The dye molecules 
are photoexcited when illuminated and shed 
an electron into the conduction band of the 
titania electrode. The oxidized dye then reacts 
with I− to regenerate I3

−, helping to complete 
the recharging cycle. The photo-assisted 
reduced-voltage recharging of this hybrid 
device thus makes energy savings of 20% over 
a conventional Li–I battery set-up.  GA

Written by Gavin Armstrong, Stephen Davey,  
Claire Hansell and Anne Pichon.
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Chemistry education
Embedding scholarship into the teaching 
of chemistry.

With teaching quality high on the agenda, 
chemistry education research is beginning 
to emerge as a discipline within some 
chemistry departments. Tina Overton 
writes on the RSC’s Education in 
Chemistry blog (http://go.nature.com/
dDEm4d) of the need to support staff 
who wish to carry out pedagogic research 
in chemistry departments, including 
supporting the development of expertise 
and creating a community of practice. 
In the case of the latter, chemists in the 
Twitterverse might like to follow and 
contribute to #chemed.

Lots of expertise is available on the Staff 
and Educational Development Association 
blog, currently running a series called 
#53ideas by Graham Gibbs. These are 
short posts on various thoughts and 
ideas that “teachers should know about” 
underpinned by substantial literature. 
Some of Gibbs’s own work was with 
the chemistry department at Oxford. 
In a recent post (http://go.nature.com/
vEmgp1), he advocated a more pragmatic 
framework for programme design in lieu of 
distinct educational objectives.

Greg Ashman keeps a well-written 
blog on cognitive science (and 
educational research generally). His 
post on ‘cognitive load theory’ (http://
go.nature.com/cLx7mO) challenges 
some widely held assumptions about 
what ‘guided instruction’ is, raising the 
bar for all of us interested in improving 
student learning. Ashman’s blog is one 
of the many compiled by the aggregating 
website The Echo Chamber (http://
go.nature.com/cMYNCJ) which is well 
worth a perusal to find decent blogs 
about education.

Back to chemistry: while the Compound 
Interest posters are deservedly well known, 
lots of use could be made of the This Week 
in Chemistry series (http://go.nature.com/
zZGnyZ). I’d love to see student-generated 
examples shared with #TWIChem.

Written by Michael Seery, who blogs at  
www.michaelseery.com
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Molecular Magnesium(I) Compounds: From Curiosity to
Kudos
Matthias Westerhausen*

Grignard reagents · magnesium · Mg�Mg bonds ·
reduction · subvalent compounds

Subvalent metal complexes with metal–metal bonds have
attracted the interest of many research groups for several
decades. The formation of such compounds requires a certain
stability of low oxidation states such as + 1 for Group 13 and
+ 2 for Group 14. In contrast, intermediate oxidation states
for the Group 2 elements and zinc are strongly disfavored.
Even though Hg2

2+ is well-known, the oxidation state + 1 for
the lighter congener zinc was believed to be inaccessible at
room temperature.

In 2004, the synthesis of [Cp*Zn�ZnCp*] (Cp* =

C5Me5)
[1] by the reaction of [ZnCp*2] with ZnEt2 attracted

tremendous attention.[2] A high-yield synthesis[3] of this
zinc(I) compound by the reduction of ZnCl2 with KCp* and
KH formed the basis for the development of extensive
synthetic chemistry. This preparative success also initiated the
research on subvalent alkaline earth metal compounds,
especially of magnesium(I) derivatives.[4] The high Mg�Mg
bond dissociation energy of 197 kJmol�1 for HMg�MgH[5]

was encouraging with respect to the possibility of isolating
molecular MgI compounds, which is partly a matter of
choosing the right ligand. The stabilization of RZn�ZnR
was made possible employing R groups bis(2,6-diisopropyl-
phenyl)phenyl[6] and N,N’-bis(2,6-diisopropylphenyl)-1,3-di-
ketiminate (Nacnac).[7] The bis(2,6-diisopropylphenyl)phenyl
group was also used for the stabilization of the homologous
cadmium derivative.[8] Similar exceptional and tuneable steric
demands together with the ability to form strong metal–ligand
bonds play a dominant role for these spectator ligands.[9]

Theoreticians investigated the reaction of MgX2 with
magnesium atoms according to Equation (1). These reactions
are exothermic by 48 and 52 kJmol�1 for X = Cl and F,
respectively.[10] The insertion of a magnesium atom into the
Grignard reagent MeMgX is also exothermic (23 kJmol�1

(SCF)[11] , 28 kJmol�1 (MP2)[12]). Even the insertion of a
magnesium atom into MgH2 yielding HMg�MgH is exother-
mic by 12 kJmol�1.[11] However, the atomization energy of
magnesium (147 kJmol�1)[10] is much larger than the values
observed for these insertion reactions.

MgX2 þMg! X�Mg�Mg�X ð1Þ

The atomization energy has to be invested to profit from
the exothermic reaction energies. Thus, magnesium atoms
were co-deposited with hydrogen and argon onto a 10 K
substrate yielding HMg�MgH together with other molecules,
such as MgH2, MgH, and Mg(m-H)2Mg.[5] Another possibility
is the insertion of magnesium atoms into MgX2 at high
temperatures (800 8C) in molten MgCl2.

[13] Thereafter, MeMg
radicals were also prepared and captured in a 4.3 K neon
matrix and investigated spectroscopically[14] and theoretical-
ly.[14,15] From these investigations it can be concluded that
Mg�Mg bonds are stable, and that the formation of magne-
sium metal has to be avoided. Employing bulky groups should
shield the reactive Mg�Mg unit to prevent metal liberation.

With this concept in mind, Green et al.[16] published the
synthesis [Eq. (2)] and structural characterization of the first
stable molecular MgI compounds, yellow 1 and colorless 2.
The thermal stability was surprisingly high, and decomposi-
tion was observed at temperatures above 300 8C and 170 8C
for 1 and 2, respectively. Compound 1 could be sublimed
intact at 230 8C at 10�6 mm Hg, whereas 2 decomposed with
deposition of magnesium metal. As expected, these magne-
sium(I) compounds are air- and moisture sensitive. The Mg�
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Mg bond lengths of 1 and 2 (Figure 1) are 284.57(8) and
285.08(12) pm, respectively.

The possibility that hydrogen atoms bridge the Mg�Mg
moiety has to be excluded. Such a structural fragment was

already found for calcium in [(Nacnac)Ca(thf)(m-H)2Ca(thf)-
(Nacnac)] 3, which was prepared according to Equa-
tion (3).[17] The hydride anions were located during the X-
ray structure determination and showed a chemical shift of

d = 4.45 ppm in the 1H NMR spectrum. A central structural
Mg2H2 fragment for 1 and 2 (giving a MgII compound) was
excluded on the basis of several observations:
1) The molecular structure of 1 (Figure 1) is very similar to

the structure of the zinc(I) congener[7] with the MgN2C3

heterocycles being nearly orthogonal; in a hydrido com-
plex, these heterocycles should be nearly coplanar to each
other and orthogonal to the Mg2H2 ring.

2) No significant residual electron density was found be-
tween the Mg atoms.

3) No hydride resonances were found in the NMR spectra.
4) Owing to the high thermal stability of these magnesium(I)

compounds, the high resolution mass spectra allowed the
detection of the molecular ions.

Because of overlap with other bands, the IR and Raman
spectra neither allowed the assignment of an Mg�Mg
stretching mode nor the observation of Mg�H�Mg stretching
absorptions.

The Mg�Mg bonds in 1 and 2 are rather long, being in the
range of short nonbonding Mg···Mg contacts of magnesiu-
m(II) compounds. Nevertheless, these values agree very well
with Mg�Mg distances predicted by quantum chemical
methods in RMg�MgR with R being H (288.4 pm[18]), h5-
C5H5 (280.9 pm[18]), C6H3-2,6-Ph2 (283.8 pm[19]), F
(284.1 pm[10]), and Cl (284.6 pm[10]). Asymmetric species, such
as H3CMg�MgF, have a similar Mg�Mg bond length
(288.9 pm) and a bond dissociation energy of 177 kJmol�1.[12]

The impact of these molecules with extremely stable Mg�
Mg bonds[16] on the chemical community will initiate a vastly
growing interest in the chemistry of molecular subvalent
alkaline earth metal compounds, as was observed after the
first report[1] for zinc(I), with derivatization reactions,[6,7,20]

expanding the variety of zinc(I) compounds, and theoretical
investigations.[18,20,21] . Investigations regarding the reactivity
of these spectacular magnesium(I) compounds present future
challenges.

Theoreticians as well as synthetic chemists will also
expand this concept on the heavier alkaline earth metals.
The reaction of calcium with hydrogen in xenon and krypton
matrixes at 12 K allowed the identification of HCa�CaH as
well as HCa�Ca�CaH along with calcium(II) hydrides.[22]

Calcium clusters Can
2+ are linear up to n= 4, whereas larger

clusters form three-dimensional cages.[23] CaCH3
[24] and

CaCp[25] radicals were also prepared from calcium atoms
and organometallic precursors; a bond energy of 97 kJmol�1

for Ca�C was calculated for calciummethyl.[26] However,
quantum chemical considerations showed that CpBe�BeCp
should be much more feasible than CpCa�CaCp.[18] These
experiments initiated investigations regarding the importance
of d and p orbitals at calcium for the description of Ca�X
bonds in species such as CaCH3, CaNH2, CaOH, and CaF.[27]

These studies support the premise that very bulky groups
should be able to stabilize Ca�Ca moieties,[19] but a competi-
tion between s- and p-based interactions in calciumphenyl
complexes could limit the use of phenyl groups as protective
units.[28]

Published online: February 18, 2008

Figure 1. Molecular structures of 1 (top) and 2 (bottom). Thermal
ellipsoids are set at 40% probability, and hydrogen atoms are omitted
for clarity.
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[23] E. Blaisten-Barojas, C.-H. Chien, M. R. Pederson, J. W. Mirick,

Chem. Phys. Lett. 2004, 395, 109 – 113.
[24] C. R. Brazier, P. F. Bernath, J. Chem. Phys. 1987, 86, 5918 – 5922.
[25] A. M. Ellis, E. S. J. Robles, T. A. Miller, J. Chem. Phys. 1991, 94,

1752 – 1758.
[26] A. El Hammadi, M. El Mouhtadi, H. Cardy, A. Dargelos,

THEOCHEM 2003, 624, 1 – 11.
[27] J. V. Ortiz, J. Chem. Phys. 1990, 92, 6728 – 6731.
[28] S. Petrie, Int. J. Mass Spectrom. 2003, 227, 33 – 46.
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Humboldt Award for C. Jones

The Alexander von Humboldt Foundation has
granted Cameron Jones (Monash University, Mel-
bourne, Australia) a research award. Award win-
ners are invited to conduct cooperative research in
Germany. Jones focuses on main-group chemistry,
especially the structure, bonding situation, and
stability of hydrido compounds and low-valent
elements or elements in low oxidation states. He
recently reported in Angewandte Chemie on the s

and p donor properties of a uranium–gallium
bond[1a] and on stable adducts of a dimeric magne-
sium(I) compound.[1b]

Jones studied at the University of Western
Australia and received his Ph.D. in 1992 from
Griffith University in Brisbane for work with C. L.
Raston on hydrido and alkyl compounds of
Group 13 and 15 elements. From 1992 to 1994 he
conducted research on phosphaalkynes with J. F.
Nixon at the University of Sussex and was named
lecturer at the University of Wales in Swansea in
1994. In 1998 he moved to the University of Wales
in Cardiff as reader and was made professor there
in 2002. He has been professor at Monash Univer-
sity since November 2006; he maintained his
position in Cardiff until 2007. Furthermore, he
was visiting professor at Texas Christian University
from 2007 to 2009.

ACS Prize to O. M. Yaghi

Omar M. Yaghi (University of California, Los
Angeles, UCLA) received the Award in the
Chemistry of Materials of the American Chemical
Society (ACS). His research group investigates,
among other things, metal–organic frameworks
(MOFs), polyhedra, covalent organic frameworks
(COFs), and zeolite imidazolate frameworks as
well as their application for hydrogen and methane
adsorption and CO2 sequestration. In Angewandte
Chemie he recently discussed the reticular chemis-
try of metal–organic polyhedra, that is, compounds
formed from discrete secondary building units
connected by strong chemical bonds,[2a] and he
reported a metal–organic framework with a hier-
archical pore system and tetrahedral building
blocks.[2b]

Yaghi studied at the State University of New
York in Albany and received his Ph.D. in 1990 at
the University of Illinois in Urbana with W. G.
Klemperer. He then worked as a postdoctoral
fellow (1990–92) with R. H. Holm at Harvard
University (Cambridge, MA, USA) before he
became assistant professor at Arizona State Uni-
versity in Tempe. In 1999 he moved to the
University of Michigan in Ann Arbor. Since 2006
he has been professor and director of the Center for

Reticular Chemistry at UCLA. In 2008, he founded
the Clean Energy Network there.

… and Announced

40 000000 Substances in CAS

In 2008, the Chemical Abstracts Service registered
the 40 millionth substance in its database (CAS No.
1073662–18–6). The polycyclic compound 1 was

described by C. H. Oh et al. (Hanyang University,
Seoul) in Angewandte Chemie.[3] It is the product of
a Huisgen cyclization of a platinum-bound pyry-
lium ion with an alkene and subsequent insertion
into a benzylic C�H bond. This kind of polycyclic
compound forms the framework for natural prod-
ucts such as taxol. The very first compound
registered by CAS was also reported in Ange-
wandte Chemie.

[1] a) S. T. Liddle, J. McMaster, D. P. Mills, A. J. Blake, C.
Jones, W. D. Woodul, Angew. Chem. 2009, 121, 1097;
Angew. Chem. Int. Ed. 2009, 48, 1077; b) S. P. Green,
C. Jones, A. Stasch, Angew. Chem. 2008, 120, 9219;
Angew. Chem. Int. Ed. 2008, 47, 9079.

[2] a) D. J. Tranchemontagne, Z. Ni, M. O�Keeffe, O. M.
Yaghi, Angew. Chem. 2008, 120, 5214; Angew. Chem.
Int. Ed. 2008, 47, 5136; b) A. C. Sudik, A. P. C�t�,
A. G. Wong-Foy, M. O�Keeffe, O. M. Yaghi, Angew.
Chem. 2006, 118, 2590; Angew. Chem. Int. Ed. 2006,
45, 2528.

[3] C. H. Oh, J. H. Lee, S. J. Lee, J. I. Kim, C. S. Hong,
Angew. Chem. 2008, 120, 7615; Angew. Chem. Int. Ed.
2008, 47, 7505.

DOI: 10.1002/anie.200901242

C. Jones

O. M. Yaghi

Awarded …

News

3012 � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2009, 48, 3012

jonesc
Sticky Note
Angewandte Chem. News, 2009



Ryoji Noyori Prize for Barry M. Trost

Barry M. Trost (Stanford University) is the winner
of the 2013 Ryoji Noyori Prize, which was estab-
lished in 2002 by The Society of Synthetic Organic
Chemistry, Japan (SSOCJ) in order to recognize
“outstanding contributions to research in asym-
metric synthetic chemistry defined in its broadest
sense”. The prize, which is sponsored by Takasago
International Corporation, comprises $10000, a
certificate, and a medallion. Trost studied at the
University of Pennsylvania, and carried out his
PhD (awarded in 1965) under the supervision of
Herbert O. House at the Massachusetts Institute of
Technology (MIT). He subsequently joined the
faculty at the University of Wisconsin, and in 1987,
he moved to Stanford University, where he was
made Job and Gertrud Tamaki Professor in 1990.
Trost�s research activities are focused on the use of
homogeneous catalysis to develop new processes, in
particular metal-catalyzed alkylation reactions. He
has reported in Angewandte Chemie on the appli-
cation of palladium catalysis to the synthesis of
cyclotryptamine alkaloids,[1a] and in Chemistry—A
European Journal on the palladium-catalyzed
asymmetric benzylation of azalactones.[1b] Trost is
on the Editorial Board of Chemistry—An Asian
Journal and an Honorary Member of the Editorial
Board of Chemistry—A European Journal.

F. A. Cotton Medal for
Brian M. Hoffman

Brian M. Hoffman (Northwestern University) has
been awarded the F. A. Cotton Medal by the
American Chemical Society (ACS) Texas A&M
Section and the Department of Chemistry at Texas
A&M University. Hoffman studied at the Univer-
sity of Chicago and worked with Harden M.
McConnell at the California Institute of Technol-
ogy for his PhD (awarded in 1966). After postdoc-
toral work with Alex Rich at MIT (1966–1967), he
joined the faculty at Northwestern University.
Hoffman�s research interests are in bioinorganic
chemistry, and he was honored for his work on the
development and application of electron-nuclear
double resonance (ENDOR) spectroscopy for the
determination of metalloenzyme catalytic mecha-
nisms. He has reported in Angewandte Chemie on
the characterization of Fe�H bonds.[2]

Max Bergmann Medal for
Claudio Toniolo

Claudio Toniolo (Universit� degli Studi di Padova)
has been awarded the 2013 Max Gold Medal by the
Max-Bergmann-Kreis for his work on the “charac-
terization of protein secondary structure by using
synthetic model peptides”. Toniolo was awarded

his PhD in 1966 by the Universit� degli Studi di
Padova for work supervised by Ernesto Scoffone.
From 1967–1968, he carried out postdoctoral
research with Murray Goodman at the Polytechnic
Institute of Brooklyn, New York, and in 1969, he
joined the faculty at Padova, where he is currently
professor and senior scholar. Themes of Toniolo�s
research include the characterization and applica-
tions of peptide helices, and helical peptaibiotics.
He has reported in ChemPhysChem on a peptide-
based approach to solar energy conversion.[3]

Toniolo is on the editorial or advisory boards of
ChemBioChem, Chemistry—A European Journal,
and ChemistryOpen.

Royal Australian Chemical Institute
Awards

The Royal Australian Chemical Institute (RACI)
announced its most recent national award winners
in late 2013. We feature some of them here.

Michael Kelso (University of Wollongong) is
the recipient of the Biota Award for Medicinal
Chemistry. Kelso studied at the University of
Wollongong and carried out his PhD (awarded in
2002) under the supervision of David Fairlie at the
University of Queensland. After postdoctoral work
with Claudio Palomo at the Universidad del Pais
Vasco, and with Dale Boger at The Scripps
Research Institute, La Jolla, he returned to the
University of Wollongong in 2006 as a C. J. Martin
Fellow with John Bremner, and subsequently
joined the faculty there. Kelso�s research program
is focused on the design, synthesis, and biological
evaluation of novel antimicrobial and anticancer
drugs and prodrugs. He has reported in Ange-
wandte Chemie on NO-donor prodrugs for dispers-
ing bacterial biofilms.[4]

Cameron Jones (Monash University) is the
winner of the H. G. Smith Memorial Award. Jones
studied at The University of Western Australia, and
was awarded his PhD in 1992 for work supervised
by Colin Raston at Griffith University. From 1992–
1994, he was a postdoctoral fellow with John F.
Nixon at the University of Sussex, and in 1994, he
started his independent career at the University of
Wales, Swansea, and he moved to the University of
Wales, Cardiff (now Cardiff University) in 1998. He
joined Monash University in 2006, and is currently
Professor of Chemistry. Jones and his research
group are interested main-group and transition-
metal chemistry, including the synthesis and appli-
cations of low-oxidation-state s-, p-, and d-block
compounds, unusual metal-bonded species, and
metal hydrides. He has reported in Angewandte
Chemie on gallium(I) and indium(I) carbene com-
plexes,[5a] and on the activation of H2 by an amido–
digermyne.[5b]
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My favorite author (fiction) is Tim Winton.

My top three films of all time are The Big Lebowski, Pulp Fiction, and Goodfellas.

The downside of my job is dealing with the ever-expanding university administration.

My favorite food is Thai … and fried Dim Sims on the way home from the pub.

My favorite saying is “If it ainQt published, it never happened”.

If I won the lottery, I would buy many more lottery tickets.

If I were not a scientist, I would be in jail, probably.

The most exciting thing about my research is dealing with enthusiastic and intelligent research
students. They keep me feeling young on the inside, while the outside crumbles.

Guaranteed to make me laugh is American comedian Bill Burr.

The best advice I have ever been given is never pursue derivative chemistry. Always aim to break new
and exciting ground. It will pay off in the long term.

The worst advice I have ever been given was donQt become a university academic. Get a real job!

If I could go back in time and do any experiment, it would be FranklandQs synthesis of diethyl zinc
under an atmosphere of H2. That takes some cojones!

I can never resist a margarita on the rocks, with a rack of Texas barbequed spare ribs.

My 5 top papers:

1. “A Mixed-Valence Tri-Zinc Complex, [LZnZnZnL]
(L = Bulky Amide), Bearing a Linear Chain of Two-
Coordinate Zinc Atoms”: J. Hicks, E. J. Underhill,
C. E. Kefalidis, L. Maron, C. Jones, Angew. Chem. Int.
Ed. 2015, 54, 10000; Angew. Chem. 2015, 127, 10138.
(“Super” bulky monodentate amide ligands stabilize
unprecedented Zn – Mg bonded compounds, which act
as “inorganic Grignard reagents”.)

2. “Activation of CO by Hydrogenated Magnesium(I)
Dimers: Sterically Controlled Formation of Ethene-
diolate and Cyclopropanetriolate Complexes”: R.
Lalrempuia, C. E. Kefalidis, S. J. Bonyhady, B.
Schwarze, L. Maron, A. Stasch, C. Jones, J. Am.
Chem. Soc. 2015, 137, 8944. (These dimers can be used
in selective C@C bond-forming reactions.)

3. “Low Coordinate Germanium(II) and Tin(II) Hydride
Complexes: Efficient Catalysts for the Hydroboration
of Carbonyl Compounds”: T. J. Hadlington, M. Her-
mann, G. Frenking, C. Jones, J. Am. Chem. Soc. 2014,
136, 3028. (Two-coordinate hydrido-tetrelenes are
efficient catalysts in organic synthesis.)

4. “Synthesis of a stable adduct of dialane(4) (Al2H4) via
hydrogenation of a magnesium(I) dimer”: S. J. Bony-
hady, D. Collis, G. Frenking, N. Holzmann, C. Jones, A.
Stasch, Nature Chem. 2010, 2, 865. (A potential model
for Mg/MgH2 hydrogen storage systems.)

5. “Stable Magnesium(I) Compounds with Mg – Mg
Bonds”: S. P. Green, C. Jones, A. Stasch, Science
2007, 318, 1754. (Defined the birth of a new field of
chemistry.)

International Edition: DOI: 10.1002/anie.201704564
German Edition: DOI: 10.1002/ange.201704564

Cameron Jones
Date of birth : October 26, 1962
Position: R. L. Martin Distinguished Chair of Chemistry, Monash University, Melbourne, Australia
E-mail: cameron.jones@monash.edu
Homepage : www.monash.edu/science/research-groups/chemistry/jonesgroup
ORCID: 0000-0002-7269-1045
Education : 1984 BSc(Hons) in Chemistry, University of Western Australia

1992 PhD (supervised by Prof. Colin L. Raston) Griffith University, Queensland
1992–1994 Postdoctoral studies with Prof. John F. Nixon FRS, University of Sussex

Awards : 2004 Royal Society of Chemistry (RSC) Main Group Chemistry Award; 2008 Humboldt
Research Fellowship for Experienced Researchers; 2013 Royal Australian Chemical Institute
H. G. Smith Memorial Medal; 2014 RSC Frankland Award; 2016 RSC Australasian Lectureship

Current research
interests :

Synthesis of low-oxidation-state/low-coordination-number s-, p-, and d-block metal complexes
and their application to small-molecule activation and catalysis; metal–metal bonded systems;
metal hydrides

Hobbies: Swimming, surfing
The author presented on this
page has published more
than 15 articles in Ange-
wandte Chemie in the last
10 years. His most recent
article is published in this
issue:
“Synthesis, Characteriza-
tion, and Computational
Analysis of the Dialanate
Dianion, [H3Al-AlH3]

2@ : A
Valence Isoelectronic Ana-
logue of Ethane”: S. J.
Bonyhady, N. Holzmann, G.
Frenking, A. Stasch, C.
Jones, Angew. Chem. Int. Ed.
2017, 56, 8527; Angew.
Chem. 201, 129, 8647.
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Spotlights on Recent JACS Publications
■ HALOGENS SHINE NEW LIGHT ON DRUG

DISCOVERY
Halogens, which include the elements chlorine, bromine, and
iodine, have unique properties that can favorably influence how
molecules interact with one another. However, halogens are
markedly under-represented in fragment-based lead discovery,
an increasingly popular drug discovery strategy in which
collections of small chemical fragments are screened against
targets of interest to help identify compounds with desirable
biological activity to serve as starting points in drug
development.
Frank Boeckler and co-workers now describe the design of

halogen-enriched fragment libraries, referred to as HEFLibs, to
discover compounds that can activate a mutated form of the
protein p53 (DOI: 10.1021/ja301056a). p53 normally works to
prevent tumor formation, but mutations can destabilize and
inactivate it, leading to the development of numerous types of
cancer. Compounds that can reactivate the mutated protein
have tremendous potential as anti-cancer agents. Using the
HEFLibs, iodine-containing compounds were discovered that
could bind to the p53 cancer mutant, facilitating its stabilization
and reactivation. Indeed, when tested in cancer cells, the
compounds induced cell death, supporting their ability to
restore the function of p53.
The p53-targeting compounds identified in this study are

exciting starting points for new anti-cancer drugs. Importantly,
they also highlight the potential of HEFLibs as a general
strategy for discovery of novel lead compounds for a wide
variety of drug targets. Eva J. Gordon, Ph.D.

■ ELUSIVE TWO-COORDINATE, ACYCLIC SILYLENE
IS CAPTURED

In two back-to-back papers, the research groups of Simon
Aldridge and Philip Power describe the first examples of stable
acyclic silylenes. Silylene, the silicon analogue of carbene, has
eluded capture since chemists first observed it transiently
decades ago. Scientists had previously managed to isolate
silylenes in cyclic systems or with increased coordination
numbers, but the two-coordinate, acyclic silylene, SiR2, has not
been isolated until now.
Aldridge and co-workers synthesized a silylene, Si{B-

(NDippCH)2}{N(SiMe3)Dipp}, featuring bulky boryl and
amido substituents, that is stable up to 130 °C as a solid
(DOI: 10.1021/ja301042u). This silylene readily undergoes an
oxidative addition reaction with dihydrogen below room
temperature to produce a dihydrosilane. Mechanistically, the
silylene appears to behave similarly to transition metal systems
in reactions with dihydrogen. Power and co-workers isolated
another monomeric, two-coordinate silylene (DOI: 10.1021/
ja301091v). They synthesized silicon dithiolate, Si(SArMe6)2,
which has thermal stability up to 146 °C. This silylene is
unreactive with dihydrogen under ambient conditions, but it
does react with methyl iodide to produce iodomethyl
bisthiolatosilane.

These two research groups have demonstrated that two-
coordinate, acyclic silylenes can be stable and useful in chemical
reactions leading to the activation of small molecules.
Transition metal compounds are popularly used to react with
small molecules, but silylenes may offer a metal-free alternative.
Further work could expand the synthetic repertoire of silylenes.
Yun Xie, Ph.D.

■ METHOD EXPLORES CATCH-AND-RELEASE
PROPERTIES OF PROTEIN-CONJUGATED SMALL
MOLECULES

A new method for reversibly attaching small molecules to
serum proteins could lead to the development of improved
drug delivery systems. With the goal of developing a method
for attaching small molecules to proteins in a reversible manner,
researchers led by M. G. Finn looked to an electrophilic class of
compounds, known as oxanorbornadienes (DOI: 10.1021/
ja301491h).
The compounds used in the study are reactive toward thiol

and amine groups, such as those present in serum proteins that
abound in the bloodstream. After forming a covalent
attachment, the protein−small molecule conjugate is stable
for a time until it undergoes reverse-Diels−Alder fragmentation
to release the small molecule. By analyzing the properties of 30
model compounds under simulated physiological conditions,
the team found that the release profile can be tuned by altering
the composition of the electrophilic linker.
The results of this study may help inform the design of future

protein-conjugated small-molecule therapeutics. Similar catch-
and-release drug delivery systems have the potential to increase
the efficacy of therapeutics by extending their lifetime in the
bloodstream and enabling the compound to be released over
time. Christine Herman, Ph.D.
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folded, while the tetramer exhibits well-defined structure,
reminiscent of proteins, according to the authors. Compared
to the structure of the same tetramer in a solid state, which
shows the peptide residues aligned, the solution structure
demonstrates an out-of-register organization. These significant
differences suggest that researchers should be cautious about
drawing conclusions based on structures solved in a solid state.
The chemical model system may prove useful for additional
studies of amyloidogenic peptides.
Erika Gebel Berg, Ph.D.

■ A HIGH-SPIN MANGANESE−MAGNESIUM(0)
COMPLEX, VIA A BULKY LIGAND

The utility of compounds that contain a metal−metal bond in
catalysis and other applications has given rise to considerable
research into this class of materials. Most of the effort in this
subfield has centered on the second- and third-row d-block
metals. Recently, interest in the first-row d-block metals has
grown, with scientists creating highly reactive open-shell
complexes. Significant advances in this chemistry involve
stabilizing the low-coordinate metal dimers with very bulky
or highly dentate ligands.
Extending beyond this foundation, Cameron Jones and

colleagues have used a remarkably bulky monodentate amide
ligand to synthesize a metal−metal bonded system with a high
spin two-coordinate manganese in the zero oxidation state, the
first known species of this type (DOI: 10.1021/ja5021348).
The researchers find that the manganese−magnesium com-
pound can act as an “inorganic Grignard reagent”. Traditional
organomagnesium Grignard reagents form a new carbon−
carbon bond by transferring an organic group from magnesium
to another organic molecule. Correspondingly, an inorganic
Grignard reagent forms a new bimetallic compound by
transferring a metal and its ligand from magnesium to another
metal complex.
The ability to synthesize these types of heterobimetallic

compounds in a controlled fashion may positively impact
catalysis research and applications using these materials. The
authors also suggest that their compound may have use as a
strong reductant in organic synthesis.
Leigh Krietsch Boerner, Ph.D.
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Zinc and Gallium Neighbors Join Hands 

 

Zinc and gallium, chemically similar elements nestled next to each other in the periodic table, 
finally have been convinced to join together to form the first structurally characterized 
complexes containing a zinc-gallium bond (Dalton Trans., DOI: 10.1039/b706402k). 
Cameron Jones of Australia's Monash University, along with Richard P. Rose and Andreas 
Stasch of Cardiff University, in Wales, prepared the complex shown and a complex with one 
zinc group and two gallium groups by reacting a gallium heterocyclic precursor with zinc 
heterocyclic complexes. The chemistry is part of a larger study by Jones and coworkers 
exploring the analogy between the cyclic gallium precursor and both N-heterocyclic carbene 
ligands and cyclic boron ligands, both of which are widely used to form transition-metal 
catalysts. In the past year, the gallium precursor has permitted the team to prepare a range of 
novel gallyl complexes, including compounds containing Ga-Sn, Ga-Cu, and Ga-Nd bonds. 
The researchers currently are studying the reactivity of the zinc gallyl complexes toward 
unsaturated organic molecules, such as alkynes, alkenes, and aldehydes, Jones says. 

C and E news July 2007 
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The great DNA escape
Compartmentalisation, a defining feature of biological
systems, allows different chemical reactions to be carried out
simultaneously without interference. Synthetic counterparts
to biological compartments (e.g. liposomes) have been
assembled but frequently lack continuous reaction capa-
bilities. Polyelectrolyte capsules assembled by the layer-by-
layer technique have proven to be successful microreactor
vessels with continuous reaction capabilities due to their
tunable permeability. Recently, researchers at the Centre for
Nanoscience and Nanotechnology, the University of
Melbourne, have assembled such polyelectrolyte micro-
reactors for the continuous modification of encapsulated
DNA by a coencapsulated enzyme, DNase I (Price A.D., Zelikin
A.N., Wang Y., Caruso F. Angew. Chem, Int. Ed. 2009, 4488, 329–
32). The enzyme was triggered to digest the DNA cargo by
introducing divalent cation cofactors. While the polymer
walls of the capsules (green) were impervious to intact DNA
(red), the smaller products of DNase I digestion were free to
diffuse from the capsules. The semipermeable capsule
microreactors enable external reaction control, high-
throughput tracking of reaction progression and continuous
modification of the DNA cargo.  

Lanthanide catches RNA in the act…
‘Footprinting’ is widely used in molecular biology for
studying the interactions of nucleic acids with other mol-
ecules in solution. This technique involves incubating a
nucleic acid with a cleavage agent, both alone and in the
presence of a binding partner; changes to the distribution of
cleavage products enable the binding site to be located.
Footprinting is commonly carried out using nuclease/ribonu-
clease enzymes; however, this can be a complex and time-
consuming task and the conditions required for enzyme
activity may be incompatible with those optimal for ligand
binding. To help address these issues, researchers from
Monash University, in collaboration with UC San Diego, have
developed a robust terbium(III) complex that cleaves
solvent-exposed, strained sections of folded RNA structures

(Belousoff M.J., Ung P., Forsyth C.M., Tor Y., Spiccia L., Graham
B., J. Am. Chem. Soc. 2009, 113311, 1106–14). Footprinting
experiments performed with HIV mRNA and two binding
agents, the ‘tat’ peptide and neomycin B, revealed that the
cleavage activity is sensitive to the presence of these agents.
Unlike many other synthetic cleavage agents, this terbium
complex does not require co-reactants to cause RNA scission
and functions over a range of pH values. The complex rep-
resents a valuable addition to the arsenal of tools for
examining RNA structure and RNA–ligand interactions.

Gallium bonds to uranium!
The research team of Professor Cameron Jones at Monash
University has a keen interest in examining the chemistry of
previously unexplored metal–metal bonds. In recent years
they have been systematically examining how anionic
gallium(I) heterocycles, which are N-heterocyclic carbene
analogues, act as unconventional Lewis bases towards
metals from all areas of the periodic table. In their latest
publication, and in collaboration with workers at Nottingham
University, they describe the coordination of such a hete-
rocycle to a uranium(IV) centre, which is further coordinated
by a triamido ligand (Liddle S.T., McMaster J., Mills D.P., Blake
A.J., Jones C., Woodul W.D., Angew. Chem. Int. Ed. 2009, 4488,
1077–80). The compound exhibits the first structurally char-
acterised example of a gallium–actinide bond, which DFT cal-
culations suggest has significant covalent character and is
thermally robust. Interestingly, these calculations also point
towards a degree of π-donation from the gallium heterocycle
to the uranium atom. Similar π-donations from N-hetero-
cyclic carbenes to transition metal centres have been docu-
mented. It is of note that related complexes containing GaY
or GaSm bonds have also been reported by the
Monash/Nottingham collaborators.

Silvestrol succumbs to synthesis
A team of researchers led by Professor Mark A. Rizzacasa at
the University of Melbourne, along with collaborators at the
Victorian College of Pharmacy and CSIRO Molecular and
Health Technologies, have reported the total synthesis of the
rare and potent anticancer plant natural products silvestrol
and its diastereoisomer episilvestrol in a full paper (Adams
T.E., El Sous M., Hawkins B.C., et al. J. Am. Chem. Soc. 2009,
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Since they were first sighted as transient species more than 30 years ago, the isolation of an acyclic

silylene, :SiR2 (a carbene analogue), has been a holy grail for silicon chemists. Professor Cameron

Jones from Monash University and collaborators from Oxford University have now achieved this goal

(Protchenko A.V., Bidkumar K.H., Dange D., Schwarz A.D., Vidovic D., Jones c., Kaltsoyannis N.,

Mountford P., Aldridge S. J. Am. Chem. soc. 2012, 134, 6500-3). Their silylene (see figure) is

kinetically and electronically stabilised (decomp. > 130°C) by a bulky amido group and a highly

nucleophilic borylligand. Calculations have shown that the obtuse angle at silicon (c. 110°) leads to

a narrow singlet-triplet energy gap for the compound, which results in it facilely activating

dihydrogen at temperatures as low as O°c. This unprecedented reactivity was revealed to take place

via an electrophilic 'Kubas' type mechanism, similar to that invoked for the catalytically relevant

cleavage of H2 by expensive and toxic noble d-block metal complexes. Given that silicon is the second most abundant element in

Earth's crust, and its compounds are essentially non-toxic, there is much potential to apply stable silylenes to important catalytic

processes (e.g. olefin hydrogenations) that are normally the domain of late transition metal systems.

Silicon takes on a noble role

A single molecule switch
Redox active molecules are of particular relevance to

molecular electronics because they could be used to control

the operation of molecular devices. A recent paper by

researchers at the University of New South Wales and

Arizona State University demonstrates the operation of an

electrochemically controlled single-molecular switch in a

rigid anthraquinone-based norbornylogous bridge with a

conductance on/off ratio of an order of magnitude (Darwish

N., Dlez-Perez 1., Da Silva P., Tao N., Gooding J.J., Paddon-

Gold-mediated (-I bond activation

controversy resolved!
Key challenges in unequivocally assigning the active catalyst in

homogenous transition metal catalysis include the need to rule

out (i) nanoparticles being the active catalyst and (ii) artefacts

due to low-levels of highly reactive metal impurities. Researchers

at the University of Melbourne have resolved a recent high profile

controversy surrounding the use of gold as an alternative catalyst

to palladium in the Sonogashira coupling reaction (Robinson

P.S.D., Khairallah G.N., da Silva G., Lioe H., O'Hair R.A.J. Angew.
0 ....•••,11.04 rd " ...•.......... rf~_. __ T .. I ~, •..•.•.••.•••• - .• ---- -. -"
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Molecular insight into immunity 

HAlAl certified 
The chemistry of neutral and anionic binary borane fragments, such
as [B6H6]

2–, is of undoubted importance to inorganic chemistry, and
numerous examples of such B–B-bonded species have been
described. In contrast, binary aluminium hydride moieties had only
been known to be stable in cryogenic matrices (at <10 K) until the
team of Professor Cameron Jones at Monash University recently
reported the synthesis of the dialanate dianion, [H3Al–AlH3]

2–,
which possesses aluminium centres in the +2 oxidation state
(Bonyhady S.J., Holzmann N., Frenking G., Stasch A., Jones C.
Angew. Chem. Int. Ed. 2017, doi: 10.1002/anie.201610601). This
species was prepared by the reduction of a magnesium salt of the
alanate anion, [AlH4]

–, using one of Jones’s -diketiminate-
stabilised magnesium(I) dimers as the reducing agent. The dianion
possesses an Al–Al covalent bond and is a valence isoelectronic
analogue of ethane. Computational studies revealed that its
remarkable thermal stability (decomposition at >230°C) stems from
the weak interactions it has with two dimagnesium hydride
counter-cations. Jones’s team is currently exploring the extension
of this work to the synthesis of higher nuclearity polyhedral alanes,
such as [AlnHn]

m- (m = 0, 2, etc.), that are stable under ambient
conditions.

Mucosal-associated invariant T (MAIT) cells are important 
T lymphocytes in the body’s defence against bacteria.
Previously, researchers from the University of Queensland, the
University of Melbourne and Monash University had discovered
that these T cells are unusually activated by unstable heterocyclic
ligands that act as antigens. The antigens are produced from an
intermediate of riboflavin biosynthesis, which occurs in bacteria
but not in humans. Now, a University of Queensland team led by
Professor David Fairlie, Dr Jeffrey Mak and Dr Ligong Liu have
shown how to stabilise these remarkably potent chemical
signatures of bacterial activity (Mak J.Y.W., Xu W., Reid R.C.,
Corbett A.J., Meehan B.S., Wang H., Chen Z., Rossjohn J.,
McCluskey J., Liu L., Fairlie D.P. Nat. Commun. 2017, 8, 14 599).

These compounds are prone to imine hydrolysis and cyclisation
in water (half-life = 88 min at 37°C and pH 7.4), but were
successfully synthesised as kinetically stable products in aprotic
and highly polar DMSO. The researchers used computer
modelling to identify mechanistic and structural requirements
for chemical stability and MAIT cell activation potency, leading
to the synthesis of a thermodynamically stable analogue.
Researchers from the University of Melbourne found that the
analogue was functionally equivalent to the natural product in
cell and mouse models. Conducted in the ARC Centre of
Excellence in Advanced Molecular Imaging, this study
exemplifies how chemistry can contribute to a molecular
understanding of immunity. 
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Carbon monoxide is a cheap and abundant feedstock that is 
used as a C1 building block in numerous industrial processes. An 
example is the Fischer–Tropsch process, which generates mega-
tonnes of liquid hydrocarbons and oxygenates per annum from 
synthesis gas (CO/H2). Despite the importance of the Fischer–
Tropsch process, little is definitively known about the 
fundamental steps that lead to reductive C−C bond formations 
that occur in this process, though soluble organometallic 
models are starting to shed light on this mystery. Now, the 
group of Cameron Jones at Monash University and his 
theoretician collaborator Laurent Maron at the University of 
Toulouse, France, have shown that the Mg−Mg bond of their 
magnesium(I) dimers can be activated, simply by the addition 

of sub-stoichiometric Lewis bases (Yuvaraj K., Douair I., 
Paparo A., Maron L., Jones C. J. Am. Chem. Soc., 2019, 141, 
8764–8). The resultant highly reactive adduct complexes readily 
reductively trimerise CO to give the first fully structurally 
characterised examples of s-block metal complexes of the 
deltate dianion, [C3O3]

2–. Such chemistry has only previously 
been achieved with uranium(III) species, highlighting the 
utility that magnesium(I) adduct complexes hold as cheap,  
non-toxic, diamagnetic, non-radioactive alternatives to f-block 
(and d-block) organometallic models in the study of reductive 
C−C bond-forming events.

Compartmentalisation by biological 
membranes plays a critical role in regulating 
asymmetric ion concentrations and 
electrochemical gradients in all living 
systems. The development of synthetic 
systems that can generate ion gradients 
across lipid bilayers has been a cornerstone 
for applications in biosignalling and 
bioenergetics and for advances in 
understanding of biochemical processes and 
evolution. With the biological importance 
and abundance of the chloride anion, it is 
surprising that until recently there were no 
examples of synthetic transmembrane Cl− 
pumps in the literature. Now, researchers at 
the University of Sydney have developed a 
proof-of-concept transmembrane Cl− pumping system fuelled by 
fatty acids to generate a transmembrane Cl− gradient 
(Howe E.N.W., Gale P.A. J. Am. Chem. Soc. 2019, 141, 10 654–
60). Addition of long-chain fatty acids such as oleic and 
palmitic acids to phospholipid vesicles generates a 
transmembrane pH gradient (pHin < pHout), and this 
electrochemical H+ potential is harnessed by an anionophore to 
drive chloride efflux via H+/Cl− cotransport. Fatty acids can be 

added repeatedly to fuel this pumping system to continuously 
drive Cl− flux against the concentration gradient, up to 
[Cl−]in 65 mM | [Cl−]out 100 mM upon addition of 25 μM oleic acid 
(1400× efficiency). It is expected that most reported synthetic 
anionophores can be used in this system. Hence, this work 
could set in motion future developments in creating new 
artificial ion pumping systems.

Pumping ions with fatty 
acid fuel

Magnesium(I) reductively trimerises CO
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Beryllium is the least investigated of the non-radioactive 
elements, in large part due to its extreme, but often 
exaggerated, toxicity. Despite this, the last decade has seen a 
resurgence in the chemistry of molecular beryllium compounds 
around the globe. Given the rapidly emerging importance of 
magnesium(I) compounds that contain Mg−Mg covalent bonds, 
many efforts have been directed towards the preparation of 

related low oxidation state 
and/or beryllium−metal bonded 
compounds, albeit with limited 
success. The group of Cameron 
Jones at Monash University has 
succeeded in preparing the first 
examples of compounds with 
beryllium−metal covalent bonds 
by the simple addition of 
beryllium−halide bonds across 
the metal centre of an 
aluminium(I) heterocycle 
(Paparo A., Smith C.D., Jones C. 
Angew. Chem. Int. Ed. 2019, 
58, 11 459–63). DFT 

calculations reveal the Be−Al bonds to have a high degree of 
covalency, which is consistent with the similar 
electronegativities of the two metals, and their diagonal 
relationship in the periodic table. The compounds hold 
potential as precursors to Be/Al alloys, which are widely used in 
aerospace and satellite technologies due to their strength and 
lightness.

Beryllium bonds to aluminium

A conjugate acceptor? No, it’s two homoenolates

Functional groups have inherent polarity that must be 
considered when designing chemical reactions. If the polarity is 
inverted, new reaction designs are possible. While polarity 
inversion of the carbonyl group is ubiquitous (e.g. in acyl anion 
reactions) polarity inversion of the analogous a,b-unsaturated 
carbonyl is far less developed. As part of a broader study into 
polarity inversion of conjugate acceptors (Angew. Chem. Int. Ed. 

2016, 55, 3135–9; 2018, 57, 10 299–303), David Lupton and 
his team at Monash University recently postulated that simple 
conjugate acceptors (A in the figure) should undergo multiple 

polarity-inversion events, allowing reactions of formal vinyl 
dianions (Nguyen X.B., Nakano Y., Duggan N.M., Scott L., 
Breugst M., Lupton D.W. Angew. Chem. Int. Ed. 2019, 58, 
11 483–90). This strategy proved viable, with PhD scholar Xuan 
Nguyen and Dr Yuji Nakano discovering two reactions of this 
type, providing cyclohexanones (B) by coupling to bis-
electrophilic partner C. The reaction was enantioselective in 
some instances using the catalyst shown (NHC). This chemistry 
expands the way conjugate acceptors can be considered in 
synthesis design.
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The selective activation and subsequent 
functionalisation of inert C–H bonds in simple 
hydrocarbons is central to the value-adding syntheses 
of more complex molecules such as pharmaceuticals. 
The use of d-block metal complexes to achieve such 
activations has dominated this field. Recently, several 
low-oxidation-state p-block complexes have been 
shown to similarly activate simple arene C–H bonds, but 
typically with poor selectivity. Now, the group of 
Cameron Jones at Monash University and his 
theoretician collaborator Laurent Maron at the 
University of Toulouse (France) have shown that the 
clean activation of C–H bonds in benzene, toluene and 
xylenes can be achieved with complete regioselectivity 
at room temperature by irradiating solutions of 
dimagnesium(I) compounds with blue or UV light 
(Jones D.D.L., Douair I., Maron L., Jones C.  
Angew. Chem. Int. Ed. 2021, 60, 7087–92). The 
reactions proceed via doubly reduced ‘Birch-like’ 
intermediates, which can be isolated in some cases. 
Calculations suggest that irradiation of the dimagnesium(I) 
compounds leads to cleavage of their Mg–Mg bonds and 
generation of highly reactive transient magnesium(I) radicals, 

which effect the C–H bond-activation processes. There is 
considerable scope to fully develop the chemistry of 
photoactivated magnesium(I) compounds and their application 
to organic synthesis.

Activating inert C–H bonds with magnesium(I) 
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As is the case for ‘normal’  
N-heterocyclic carbenes (NHCs), 
the coordination chemistry of 
‘abnormal’ NHCs (aNHCs) has been 
widely explored, and their 
transition metal complexes are 
increasingly finding use as 
catalysts. Recently, the groups of 
Cameron Jones at Monash 
University and his theoretician 
collaborator Laurent Maron at the 
University of Toulouse (France) 
have shown that a reactive  
1,2-disilylene can readily activate 
CO, leading to high yields of the 
first ‘abnormal’ N-heterocyclic 
silylene (aNHSi), which is 
substituted by an oxysilylene 
fragment (Garg P., Carpentier A., 
Douair I., Dange D., Jiang Y., 
Yuvaraj K., Maron L., Jones C. Angew. Chem. Int. Ed. 2022, 61, 
e202201705). Remarkably, the reaction is cleanly reversible 
under irradiation by UV light. Moreover, the ability of the 
compound to act as a bidentate ligand towards transition metal 

fragments was demonstrated. Given the computed differences in 
electronic structure between aNHCs compared with aNHSis, 
there is significant potential to develop the chemistry of the 
latter as novel ligands in catalysis.

The first ‘abnormal’ N-heterocyclic silylene
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Interview with Cameron Jones

Professor Cameron Jones obtained his BSc (Hons) degree from the University of Western Australia (1984).
He carried out his PhD studies at Griffith University, Brisbane, under the supervision of Professor Colin
L. Raston (1989–1992), followed by postdoctoral work (1992–1994) with Professor John F. Nixon FRS,
Sussex University. He was appointed Lecturer at The University of Wales, Swansea (1994), before moving
to a Readership at Cardiff University (1998). There, he was promoted to a Personal Chair in 2002. In 2007
he moved to Monash University, Melbourne, where he is currently Professor of Chemistry. He has been
the recipient of a number of awards, most notable of which are the Main Group Chemistry Prize of the
RSC (2004), the Senior Research Prize of the Alexander von Humboldt Foundation (2008), and the
Burrows (2011) and HG Smith (2013) Awards of the Royal Australian Chemical Institute (RACI). He is a
Fellow of both the RSC and the RACI. His current research interests are wide ranging, with particular
emphasis being placed on the fundamental and applied chemistry of low oxidation state s-, p- and
d-block metal complexes, unusual metal–metal bonded systems, and metal hydrides. In these and related
areas he has published more than 300 papers.

Do you remember what
it felt like to publish your
first ChemComm article?

I do indeed. The first paper of my inde-
pendent academic career was published in
ChemComm (DOI: 10.1039/CC9960000631),
and described cycloaddition reactions of
arsaalkynes, AsRCR. The buzz I got from
seeing that paper in print made me realize
that I had chosen the right career path.
I still get that buzz when we publish, what
I consider to be, high profile papers.

How has your research
evolved from your first to
your most recent article?

A large part of my career has involved
research into the chemistry of the s- and
p-block elements. Despite this, I have

regularly changed the specific areas of
research my group explore, though
remnants of those areas are always
carried forward into new projects. My basic
approach has always been to identify
compound classes that are generally
thought incapable of existence, then to
go out and make them. Just two examples
I am particularly proud of are the first
indium trihydride, InH3, complexes (first
published in ChemComm), and the first
stable magnesium(I) complexes. More
and more in recent years I have begun
to explore the potential applications of
such systems to synthesis, catalysis etc.

What do you like most
about publishing in
ChemComm?

First of all, ChemComm is regarded as
one of the premier general chemistry

journals by chemists of all persuasions,
from right around the globe. This is
important as you need a broad audience
for your work to be recognised and cited.
Furthermore, publishing in ChemComm.
is rapid and straightforward. The whole
process is professional and pain free.

What aspect of your
research are you most
excited about at the
moment?

Currently, we are investing a lot of effort
into developing the ‘‘transition metal-like’’
chemistry of very low oxidation state main
group complexes. The ultimate goal here is
to install cheap, non-toxic and earth abun-
dant main group elements as replacements
for expensive, toxic and increasingly
scarce late transition metals in a variety

DOI: 10.1039/c4cc90046d

www.rsc.org/chemcomm
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of synthetic and catalytic processes. While
this is a ‘‘big ask’’, excellent progress has
been made in the area by a number of
groups (hopefully including ours) from
around the world over the past few years.
I believe that within five years low
oxidation state main group compounds
will be commercialised for this task.

What is the best part of
your job?

There are many great aspects to being an
academic, and some (mainly involving the
university administration) that are not so
great! The most enjoyable aspect for me
is, and always has been, writing papers.
We have the privilege of being able to
freely explore what chemistry we want to,
and we should communicate the results
of that. I think there is a lot of truth to

the adage that ‘‘if something isn’t pub-
lished, it never happened’’. I also really
enjoy collaborating with scientists from
around the world, many of whom have
become close friends. Of course, inter-
acting with enthusiastic and intelligent
research students on a daily basis keeps
you young, if only on the inside.

What is the secret to
success in scientific
publishing?

Tell a good story.

What is your advice to
young emerging scientists?

Have the belief and tenacity to do the
research you want to do. Make sure you

are breaking new ground, and don’t take
the easy path with the rest of the herd.
It will pay off in the long run.

What do you do in your
spare time?

Having grown up near the beach in
Perth, Western Australia, I have always
loved the ocean. When I have time,
I swim and explore the beautiful coast-
line of Victoria.

By the time I’m 100 I
would like to have. . .

a heartbeat.
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Publishing

Urgent high quality communications from across the chemical sciences.

Hot article: Cycloaddition of TM Hydrazides
30 September 2008

Jonathan Selby, Andrew Schwarz and Philip Mountford from the University of Oxford, Christian 
Schulten, Andreas Stasch and Cameron Jones from Monash University in Melbourne, and Eric Clot 
from the Charles Gerhardt Institute in Montpellier have reported the synthesis of the first structurally 
authenticated cycloaddition products for any transition metal M=NNR2 functional group. 

Mountford has been excited about the potential of metal-nitrogen multiple bonds to act as reactive 
sites for the coupling and functionalisation of small molecules since his DPhil in transition metal 
imido chemistry. 'I was aware from the early work of the Chatt and Hidai labs (and later Schrock's 
labs) that later transition metal hydrazides could have reaction chemistry, but this largely involved 
cleavage of the Nalpha-Nbeta bond, not reactions of the M=Nalpha bond" he explains. "I have been 
fascinated to explore (in particular from a theoretical point of view), the fine balance between 
M=Nalpha coupling and Nalpha-Nbeta bond scission chemistry, that appears prevalent for the early 
metals.' 

The collaboration have synthesised the first [2+2] cycloaddition reactions of transition metal 
hydrazides with internal and terminal alkynes, and also aza- and phospha-alkynes. 'These reactions 
demonstrate the potential breadth of substrate functionalisation chemistry available using Group 4 
hydrazides' they explain.

'The binding and coupling of small molecules and molecular fragments lies at the heart of transition 
metal chemistry' enthuses Mountford. 'This article demonstrates new chemistry of metal hydrazide 
complexes; known since the pioneering work of Chatt and his colleagues to be relevant to the 
chemistry of N2, one of the hardest molecules to functionalise but also the most abundant one in our 
atmosphere.'

According to Mountford the next stage requires a systematic study, to find the explicit relationships 
between structure and the various reactivity patterns seen so far, and to determine new fundamental 
reactions of the M=N-NR2 group itself. 

Link to journal article
Cycloaddition reactions of transition metal hydrazides with alkynes and heteroalkynes: 
coupling of Ti NNPh2 with PhCCMe, PhCCH, MeCN and tBuCP
Jonathan D. Selby, Christian Schulten, Andrew D. Schwarz, Andreas Stasch, Eric Clot, Cameron 
Jones and Philip Mountford, Chem. Commun., 2008, 5101
DOI: 10.1039/b813911c

© Royal Society of Chemistry 2010

Page 1 of 1Hot article: Cycloaddition of TM Hydrazides

26/04/2013file:///C:/My%20Documents/highlights/Ti%20CP.htm
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Urgent high quality communications from across the chemical sciences.

Hot article: Soluble indium halide reagents
11 November 2008

Cameron Jones and his colleagues at Monash University, Melbourne and Cardiff University, Wales 
have shown the solubility of an indium(I) bromide complex in tmeda/toluene mixtures [InBr(tmeda)]. 
In solution the compound is metastable and disproportionates above -20°C. 

Indium(I) halides, InX (X = Cl, Br or I), are commercially available and have found numerous uses as 
reagents for organic transformations and in synthetic organometallic chemistry. Despite this, these 
salt-like compounds have almost no solubility in non-coordinating organic solvents and they normally 
decompose in coordinating solvents. 

Jones has achieved solubility of these compounds and also obtained a crystal structure of the 
indium(I) bromide complex, which shows the compound is monomeric in the solid state. This differs 
to the remarkable oligomeric, metastable aluminium(I) and gallium(I) halide complexes developed by 
Schnöckels group in Kahlsruhe.

'I have always been a great admirer of Schnöckels work with metastable aluminium(I) and gallium(I) 
halide complexes, and have wondered, for some time, why no similar indium(I) halide complexes 
had been isolated and structurally authenticated.   A number of years ago I stumbled across some 
elegant work by Dennis Tuck from the early 80's.   He reported that indium(I) halides can dissolve in 
solvents containing the bidentate ligand, tmeda, without undergoing disproportionation.   This 
intrigued me and I was very keen to find out what the nature of the dissolved indium(I) species 
were,' explains Jones.

Jones' future plans for this work is 'to develop easy to prepare, soluble complexes of indium(I) 
halides that are stable at room temperature.   If this can be achieved, such compounds could prove 
commercially viable as specialist reagents for organic and organometallic chemists.' 

In the meantime, Jones suggests that chemists requiring a well defined, soluble indium(I) halide 
reagent should consider using solutions of InBr in 10% tmeda/toluene below -20°C!

Emma Shiells

Link to journal article
Synthesis and structural characterisation of a soluble, metastable indium(I) halide complex, 
[InBr(tmeda)]
Shaun P. Green, Cameron Jones and Andreas Stasch, Chem. Commun., 2008, 6285
DOI: 10.1039/b814658f

© Royal Society of Chemistry 2010
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Chemical Communications Blog 

Battle of bond formations 

24 Sep 2010 
By Emma Shiells, Development Editor. 

Anionic boron- and gallium-containing N-heterocyclic carbene (NHC) analogues display 
contrasting reactivity towards the half-sandwich titanium complex. Where one reacts to 
form the first example of a titanium gallyl compound, the other reaction (with boron NHC) 
generates a dearomatised pyridyl fragment. 

 

Cameron Jones and his team from Monash University have collaborated once again 
with Simon Aldridge, Philip Mountford and colleagues at Oxford University, publishing their 
results in ChemComm. Why not download the article today and blog some comments 
below? The article is free to access until the 8th October 2010. 

 

jonesc
Sticky Note
Chem Commun highlight, Sept 2010



Publishing
Cover 
image 
for 
Chemica
l Science

A magazine providing a snapshot of the latest developments across the chemical 
sciences.

Unhindered phosphaalkyne complexes
21 August 2006

The first complexes of a sterically unhindered phosphaalkyne have been studied by UK chemists. 

Phosphaalkynes - molecules which contain a phosphorus-carbon triple bond - are versatile starting 
materials for many reactions including the synthesis of organophosphorus cages, heterocycles and 
coordination complexes. Taking advantage of newly developed routes to the simple methyl 
phosphaalkyne, Cameron Jones and colleagues at Cardiff University have examined its coordination 
chemistry for the first time.

The chemistry of phosphaalkynes stabilised by bulky substituents has been a developing area for 
many years, but, despite its importance, the chemistry of the simple derivative methyl 
phosphaalkyne has remained unknown. According to Jones, this has been a goal for phosphorus 
chemists for some time and is particularly interesting because methyl phosphaalkyne is an analogue 
of propyne, which is an important industrial feedstock.

John Nixon, FRS, professor of chemistry at the University 
of Sussex, UK, and an expert in the coordination 
chemistry of phosphorus, is enthusiastic about the 
chemists' work. He explained that while the presence of 
bulky t-butyl groups in phosphaalkynes can provide 
kinetic stability, it also introduces its own steric effect on 
reaction pathways. 'Their initial results show that as well 
as exhibiting some similar behaviour to the t-butyl 
phosphaalkyne systems, other synthetic pathways can 
result using the much smaller methyl-containing 
derivative,' said Nixon.

One of the next challenges for chemists is the linear 
polymerisation of phosphaalkynes with the hope of finding useful optical or electronic properties. 
'This has never been achieved because of the propensity of phosphaalkynes to form cyclic 
oligomers and cage complexes,' said Jones. 'With methyl phosphaalkyne, we see the potential to 
realise this goal.'

Caroline Moore

References
C Jones, C Schulten and A Stasch, Dalton Trans., 2006, 3733
DOI: 10.1039/b607489h

© Royal Society of Chemistry 2010
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Chemistry World
Gallium and uranium join forces
23 December 2008

A molecule featuring the first ever uranium-gallium bond may shed light on how related carbene 
ligands selectively extract uranium from lanthanides - an area of great interest to chemists looking 
for better ways to clean up nuclear waste.

The molecule, created by Steve Liddle's group at Nottingham University, UK, in collaboration with 
Cameron Jones of Monash University, Australia, is only the third with a uranium-metal bond to be 
structurally characterised. While x-ray crystal structure data indicated that the bond didn't rely on 
support from a bridging hydrogen atom - that is, that uranium and gallium were attached directly to 
each other - the team had to use computational modelling experiments to make sure, as such atoms 
can be very difficult to locate.

Much to the team's surprise, co-author Jonathan McMaster's density functional 
theory approach showed that not only was there no supporting hydrogen, but that the bond 
contained both sigma- and pi- character. 'This is the first observation of pi-bonding between low-
valence group 13 metals and f-elements,' Liddle tells Chemistry World.

The gallium-uranium complex contains the first example of 
group 13 to f-element pi-donation, in addition to the gallium-

uranium sigma bond

Liddle admits there is an 'astronomical distance' between his observation and a practical use for the 
uranium-gallium complex. But the gallium-containing ligand that was grafted to uranium has 
an electronic and orbital structure analogous to carbene ligands, whose uranium-binding properties 
have a more practical application: extracting the element from nuclear waste to ease processing. 

Carbene ligands can selectively extract uranium from mixtures of lanthanides, but are unstable in 
aqueous environments, limiting their use in practice. The researchers speculate that the selectivity of 
carbenes for uranium over lanthanides could originate from pi-bonding much like that seen in the 
gallium complex - though  no pi-bonding has been spotted in carbene complexes of uranium (IV). 'Is 
this study revealing something that carbenes have been doing in solution, but we haven't realised 
it?' Liddle asks. 

Polly Arnold, a leader in the field of d- and f-block organometallic chemistry at the University of 
Edinburgh, UK, says the uranium-gallium complex is a 'nice addition' to the collection of bonds 
between f-elements and other, non-f-block metals. 'What interests me most is how reliant we all are 
on the computational work that describes the nature of the bonding in these systems, since we 
cannot simply correlate bond strength with length,' she adds.

Liddle hopes his team's discovery will prove useful to chemists who are trying to design new ligands 
for separating nuclear waste, and demonstrates the promise of chemistry that explores unusual 
ligands. 'It shows what fertile ground metal-metal bonding still is. It can really unearth new, 
interesting chemistry,' he says.

Tom Westgate

Enjoy this story? Spread the word using the 'tools' menu on the left.

References

Page 1 of 2Gallium and uranium join forces

26/04/2013mhtml:file://C:\My Documents\highlights\Gallium and uranium join forces.mht

jonesc
Sticky Note
Chem World Jan 2009



Stephen Liddle, University of Nottingham
Homepage 

Polly Arnold, University of Edinburgh
Homepage 
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Related Links

External links will open in a new browser window

S T Liddle et al, Angewandte Chemie, in press

Also of interest
Uncovering uranium's unusual bonding 
08 August 2008
First unsupported uranium-aluminium bond reveals radioactive element's complex chemistry 

© Royal Society of Chemistry 2009
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Hot article: zinc halide complexes 

20 Aug 2010 
By Ruth Doherty, Deputy Editor. 

In this hot article Cameron Jones (Monash University) and colleagues investigate zinc halide 
complexes as precursers to Zn(I)-Zn(I) containing compounds: 

Bulky guanidinato and amidinato zinc complexes 

and their comparative stabilities  
Cameron Jones, Leigh Furness, Sharanappa Nembenna, Richard P. Rose, Simon Aldridge and 
Andreas Stasch 
Dalton Trans., 2010, Advance Article 
DOI: 10.1039/C0DT00589D 

Read for free until September 17th! 

 
 
 
 
 
 
 
 
 
 

http://blogs.rsc.org/dt/author/dohertyr/
http://dx.doi.org/10.1039/C0DT00589D
http://dx.doi.org/10.1039/C0DT00589D
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Dalton Trans Highlight July 2011 

Hot Article: Extremely bulky amide complexes 

18 Jul 2011 
By Jo Pugh, Publishing Editor. 

 

In this Dalton Transactions Hot Article, Cameron Jones and colleagues from Monash University, 
Australia prepared a series of extremely bulky secondary amines. 

Deprotonation of the amines with LiBun NaH or KH resulted in alkali metal amide complexes. 
Reaction of the amides with germanium, tin or lead chloride yielded the first two-coordinate 
monomeric amido germanium(II) and tin(II) chloride complexes and a chloride bridged amido-
lead(II) dimer. 

These compounds hold potential as precursors for kinetically stabilised low oxidation state and/or 
low coordination number main group complexes. 

Read more for FREE: 

Extremely bulky amido-group 14 element chloride complexes: Potential synthons for low oxidation 
state main group chemistry 
Jiaye Li, Andreas Stasch, Christian Schenk and Cameron Jones 
Dalton Trans., 2011, Advance Article 
DOI: 10.1039/C1DT10678C, Paper  

 

http://blogs.rsc.org/dt/author/pughj/
http://blogs.rsc.org/dt/files/2011/07/c1dt10678c-ga.gif
http://blogs.rsc.org/dt/files/2011/07/c1dt10678c-ga.gif
http://pubs.rsc.org/en/journals/journalissues/dt
http://xlink.rsc.org/?doi=10.1039/C1dt10678c
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New Journal of Chemistry.... the home of new and emerging multidisciplinary work in 
the chemical sciences.

Hot Paper: A new reagent affords stereochemical control in C-C 
bond-forming reactions

Stereochemical control in C-C bond-forming reactions has long been a major challenge in synthetic 
organic chemistry. To promote these reactions reagents incorporating metals from across the 
periodic table have been used. In recent years the most interesting results in this area have been 
obtained using indium metal and indium(I) halides. But gallium, immediately above indium in the 
periodic table, has generally been neglected. However, a group from Cardiff University aims to 
rectify this oversight.

Professor Cameron Jones and co-workers are examining the utility of "GaI" in organic synthesis.  In 
their latest NJC paper they describe its reactivity towards a variety of alpha-functionalised ketones. 
Of most interest are the reactions of this reagent with a-alkoxy ketones, which lead to completely 
diastereoselective homo-aldol coupling reactions and the formation of novel trifunctional products 
containing three contiguous stereocentres. Professor Guy  Lloyd-Jones, of the University of Bristol, 
describes this work as "an exciting development (which) demonstrates the remarkable combination 
of power and stereoselectivity that these low valent mixed oxidation salt systems provide." 

Scheme 1: Proposed mechanisms in the homo-coupling reaction of    a -alkoxy ketones using "GaI", 
which depend on the steric bulk of the R substituent. 

In addition to the reactivity studies, the Jones group routinely attempts to isolate organometallic 
intermediates, as these can shed light on the mechanisms of the reactions. As Prof. Jones explains, 
"This knowledge can be invaluable in the subsequent systematic development and optimisation of 
these reactions." 

Scheme 2: The reaction intermediate 13was isolated and its molecular structure elucidated by X-ray 
crystallography, the first such characterization of a gallium enediolato complex.

To increase the usefulness of gallium halide reagents, the Cardiff researchers are pursuing several 
lines of research, including extending the work to diastereoselective cross-coupling reactions and 
synthesizing more soluble sources of Ga(I). Other challenges lie ahead. According to Prof. Jones, 
these include the synthesis of chiral gallium(I) reagents, which might prove useful in enantioselective 
C-C bond-forming reactions, and the development of gallium(I) reagents that act as catalysts (rather 
than stoichiometric reagents) in coupling reactions.

Although much more work needs to be done, Jones believes that these preliminary results bode well 
for the future of  "GaI" and related compounds as specialist reagents for the organic chemist. This is 
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a viewpoint shared by Lloyd-Jones, "It is clear that Jones and co-workers have opened the door to a 
new world of transformations and, in light of the manner by which the range of indium-mediated 
organic transformations has expanded at an astonishing pace over the past two decades, the future 
of organogallium-mediated organic synthesis looks very bright indeed."

Related Links
'GaI': A New Reagent for Chemo- and Diastereoselective C-C Bond Forming Reactions 
Cameron Jones*, Shaun P. Green, Andreas Stasch, Richard P. Rose, New J. Chem., 2006, 31, 127-134.

© Royal Society of Chemistry 2010
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Gallium and indium compounds in catalysis 

Low oxidation state gallium and indium compounds are garnering interest as effective 

catalysts in organic synthesis. Cynthia Challener reports. 

Professor Cameron Jones, initially at Cardiff University and now at Monash University has 
investigated lower oxidation state gallium compounds. He suggests that the more reducing 
nature of 'Ga(I)', which exists in various forms depending on the method of synthesis, could 
lead to chemoselective behaviour in C-C bond forming reactions. 

 

Jones - Working on lower oxidation state gallium compounds 

Jones prepared 'Ga(I)' by using the ultrasonic activation of gallium and iodine in toluene at 
above 30°C. He found that, when treated with mono(imino)pyridines, the Ga(I) species 
catalysed the coupling of the starting material. In another example, 1,4-bis(trimethylsilyl)-bit-
1,3-diyne, when treated with 'Ga(I)', produced an unusual enediyne-bis-(gem-
organodigallium(III) complex, which required the formation of new C-C bonds. 

Jones also discovered that 'Ga(I)' promotes the diastereoselective aldol coupling reactions of 
α-alkoxy ketones to give γ-alkoxy-β-hydroxy ketones with three contiguous stereogenic 
centres. Interestingly, as the size of the substrate alkoxy group increased, the 
diastereoselectivity changed from syn to anti, possibly reflecting a change in the type of 
transition state as a result of steric interactions. 

In separate work with In(I) salts, Jones was able to isolate the In(I) halide complex 
[InBr(tmeda)], which forms during the reversible dissolution of indium bromide in a tmeda-
toluene mixture. "The complex is stable in solution kept below -20°C and thus we believe 
that it could serve as a well defined, soluble In(I) catalyst for organic synthesis under these 
conditions," he notes. 
N.B. cut and paste, and edited, from web edition of Specialty Chemicals Magazine, October 
2010 

mailto:cameron.jones@sci.monash.edu.au
http://www.specchemonline.com/index.php
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Shifting Silicon 

with Boron 

Ligands 

Sub-valent silicon compounds such 

as two-coordinate acyclic silylenes, SiR2, 
normally have a fleeting existence at around 
room temperature. Researchers at Oxford 
University, UK, and their colleagues at 
University College London, UK, and 
Monash University, Australia, have used the 
strong sigma-donor properties and high 

steric loading of their boron-based ligand to synthesize a two-coordinate 
acyclic silylene that is stable up to 130 °C. 
The species undergoes oxidative addition reactions with dihydrogen as well 
as with alkyl C–H bonds. This, the researchers say, suggests a small singlet–
triplet gap that hints at reactivity more characteristic of transition metal 
systems than organosilicon compounds. 
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