


Naming inorganic compounds is 
usually a routine operation, but one 
problem has long defied solution – 
how to define the chirality of certain 
octahedral complexes containing 
chelates (ligands with more than 
one point of attachment). Santiago 
Herrero from the Complutense 
University of Madrid, Spain, and his 
colleague have now proposed a way 
of doing this.

The general idea when defining 
the chirality of such complexes is 
to ignore the identity of the donor 
atoms on the ligands and any 
chiral centres on the chelates, as 
this can be dealt with by standard 
stereochemical symbols. Instead, 
the focus is the topology of the 
chelate network. This is how the 
six atoms attached to the central 
metal atom – the vertices of the 
octahedron – are joined together. 
The chelates are first drawn as 
straight lines joining the vertices. 
These lines are then compared, and 
the complex assigned as Λ(lambda) 
if they define a left-handed helix, 
and ∆ (delta) if they define a right-
handed helix. This is fine in simple 
complexes such as A (see image), 
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Mimicking enzymes with inorganic 
complexes could offer a new route 
to catalysing hydrogen fuel cells, 
claim Japanese scientists.

In nature, hydrogenases are 
enzymes that catalyse the splitting 
of hydrogen in its H2 form into two 
separate protons and two electrons. 
However, there has been some 
controversy over the mechanism by 
which the enzyme operates, with 
mechanistic studies contradicting 
experimental data. Now, a group led 
by Seiji Ogo at Kyushu University, 
Fukuoka, have solved this problem 
by making a nickel-ruthenium 
complex that acts as a model of the 
enzyme. They say this complex 
could be used to develop new 
cathode catalysts for hydrogen fuel 
cells.

Water-soluble organometallics may aid the development of new types of catalysts 
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but things get difficult in cases like 
B, because there is more than one 
possible pair of lines to compare. 
Herrero and Usón have now devised 
a heirarchy of rules that enable such 
systems to be dealt with.

The new system works by first 
(if necessary) artificially linking 
the chelates together so that the 
resulting line has the greatest 
number of changes of plane. A set of 
rules then allows you to pick a pair 
of links that you can use to define 
the complex as ∆ or Λ. Further rules, 

Described by Chris Pickett, an 
energy expert from University 
of East Anglia, Norwich, UK, as 
‘an elegant chemical precedent’, 
the complex is water-soluble like 
natural hydrogenases, and so allows 
the first study of a model in the 
hydrogenases’ natural environment.

Ogo explains that that 
understanding the exact 

mechanism of the hydrogenase 
will allow scientists to progress 
research into new types of catalysts 
for hydrogen fuel cells. The group 
studied how the complex reacts and 
showed that the generation of single 
and double exchange products is 
simultaneous, just as observed for 
the naturally occurring enzymes. 
Ogo is now looking forward to 
further studies on this model that 
should uncover more details of the 
reaction. 

Water soluble organometallics 
like these have become more and 
more interesting for both life and 
materials sciences. Ogo hopes that 
technology for the extraction of 
electrons from hydrogen, using 
his new complexes can now be 
developed.   Laura Howes

Impersonating nature 
could offer access to 
new types of catalysts 
for fuel cells

involving consideration of all the 
vertices that are not directly joined, 
allow the designation of chirality in 
even stranger complexes.

Although the chirality symbols 
in several cases are different under 
the new system, says Herrero, there 
are fewer rules to contend with. 
In conclusion, he says that their 
method ‘could be useful for keeping 
and searching precise structural 
information about octahedral 
compounds’.
David Barden
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Potent combination of two anticancer molecules synthesised

Natural product hybrid fights cancer
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these hydroxyls ‘play a key role’ 
in the activity of dictyostatin and 
discodermolide. 

Dennis Curran, from the 
University of Pittsburgh, US, finds 
the work very exciting: ‘the Paterson 
group has a flair for analogue design 
and efficient synthesis, and it looks 
like they have hit gold with the 
testing results on this one’. Future 
work, says Paterson, will involve 
‘further probing the pharmacophore 
and anticancer profiles of these 
fascinating marine natural products 
and their hybrids’.
David Barden
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A potent hybrid of two anticancer 
natural products has been designed 
and synthesised by UK chemists.

Developing analogues of natural 
products with improved biological 
activity is an area of great current 
interest. Ian Paterson and colleagues 
at the University of Cambridge 
have now made a natural product 
analogue with anticancer activity 
using a combination of rational 
design and state-of-the-art synthesis. 

Discodermolide is a natural 
product from marine sponges with 
high activity against cancer cells. It 
is currently in clinical trials, but the 
search is always on for more active 
analogues. Paterson compared the 
structure of discodermolide with 
that of dictyostatin, a more potent but 
less studied natural product. Using 
knowledge of the protein binding site 
involved in the anticancer activity 
of both molecules, they improved 
the potency of discodermolide by 
replacing a part of its structure with a 
fragment from dictyostatin. 

Both natural products are only 
available in minute quantities, so 

the group made their hybrid from 
scratch. Paterson says that this 
proved challenging, but that they 
were able to exploit boron aldol 
methodology and other synthetic 
methods to develop ‘an efficient and 
scalable route’ to the hybrid.

The hybrid was then tested on four 
cancer cell lines, and was found to be 
more potent than discodermolide for 
all of them. The group also found that 
deactivating the two hydroxyl groups 
at the bottom left of the molecule, by 
tying them up in a ring, resulted in a 
large drop in activity. This indicates, 
says Paterson, that one or both of 

A hybrid of 
discodermolide (red) 
and dictyostatin (blue) 
has been assembled 

Ionic liquids are salts in liquid 
form, and are frequently used 
as non-volatile solvents and 
stabilisers in chemical reactions. 
Claus found that by impregnating 
an already known Pd/SiO2 
catalyst with an ionic liquid 
(called butylmethylimidazolium 
dicyanamide) an almost 100 per 
cent yield of citronellal  

The ionic liquid (IL) 
coating improves the 
hydrogenation catalyst’s 
performance

Ionic liquids improve the synthesis of a lemon scented chemical

Sweet smell of success  
is obtained, and very little  
further hydrogenation  
occurred.

What’s more, by using the ionic 
liquid as a coating on the catalyst, 
rather than a bulk solvent, the 
production cost decreased, and 
there was no need to separate 
out the product at the end of the 
reaction, making the process one 
step shorter. 

Douglas MacFarlane from the 
ionic liquids group at Monash 
University, Australia, says this 
development opens up new  
areas for catalyst applications.  
‘This is a fascinating piece of  
work that shows how effective 
an ionic liquid layer can be in 
controlling the selectivity of a 
conventional solid phase catalyst,’ 
he says.
Rebecca Brodie

Scientists from Germany have 
used ionic liquids to improve the 
performance of a catalyst that 
produces citronellal from citral – two 
compounds that are commonly used 
as a flavouring and in the perfumery 
industry, both having a sweet lemon 
scent.

The hydrogenation of citral is 
usually performed with a palladium–
carbon catalyst. Unfortunately, this 
reaction does not selectively stop 
at citronellal, often hydrogenating 
further to make other products.

Peter Claus and colleagues 
from the Technical University 
of Darmstadt have been looking 
for a catalyst that would produce 
citronellal selectively. ‘This is very 
important to the chemical industry, 
where consecutive hydrogenations 
must very often be prevented,’ says 
Claus. 
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UK researchers have been 
investigating how to predict 
whether a reacting mixture will 
explode.

Silvana Cardoso and colleagues, 
at the University of Cambridge, have 
worked out how to separate the 
different effects that remove heat 
from the reaction and hence prevent 
explosions. These effects are 
conduction, where the heat flows 
through material, and convection, 

Is your reaction mixture going to explode? Why not ask a theoretical chemist...

When convection goes without a bang

Chemical Science

The chemistry used to make a rare 
argon–carbene cation may hold 
the key to hydrocarbon formation 
on Saturn’s largest moon, claim 
European researchers.

Detlef Schröder from the Academy 
of Sciences in Prague, Czech Republic, 
and co-workers have made a noble-
gas compound by colliding argon 
with dications. Using experimental 
and theoretical studies they showed 
that bromomethane (CH3Br) can 
be ionised to the molecular dication 
CH3Br2+ – that can rearrange to 
the tautomer CH2BrH2+. The 
reaction of this dication with argon 
leads to the argon–carbene cation 
(ArCH2

+). 1 Schröder also made the 
corresponding carbene cation for 
other noble gases, including krypton 

Researchers step closer to explaining hydrocarbon formation in space

A Titan discovery 
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where hot material rises away 
from the reaction site. ‘To date’, 
says Cardoso, ‘these effects have 
been analysed in a coupled form. 
Previously they have been taken 
into account either in an empirical 
way, by modifying simpler solutions 
valid when only heat conduction is 
present, or in a complex, numerical 
calculation. Our new treatment 
allows us to grasp a whole landscape 
of explosion phenomena which 

and xenon.
Their work could shed light on 

the mysteries of the upper part of 
Titan’s atmosphere – the ionosphere 
– that is known to consist of complex 
hydrocarbons. Previously scientists 
have struggled to explain how these 
are formed. 

Stephen Price, from University 
College London, UK, agrees saying 
that ‘in recent years the bond-
forming chemistry of molecular 
doubly-charged ions has been 
implicated in environments as 
varied as the interstellar medium 
and planetary ionospheres.’  And 
Schröder has shown before that 
dications are involved in the growth of 
hydrocarbons on Titan.2 

Compounds containing noble-

gases are rare because they are 
notoriously difficult to make, with 
most needing to contain highly 
electronegative elements – such as 
fluorine, iodine, oxygen – that are 
capable of attacking the closed-shell 
configuration of electrons of the noble 
gas atoms. 

Price adds that, ‘the synthesis of 
argon–carbon bonds using doubly-
charged molecular reagents, further 
extends the range of fields in which 
the chemistry of gas-phase dications 
is potentially important.’  
Emma ShiellsHydrocarbon formation 

in space is poorly 
understood

seemed to be unrelated before.’
Cardoso says ‘this project aims 

to develop a more comprehensive 
theory of explosion, in which the 
effects of natural convection, as well 
as those of forced fluid flow, such 
as by a pump or a stirrer, may be 
quantified in an explicit manner.’
Vitaly Volpert, a mathematician 
at the University of Lyon, France, 
identifies the key contribution of 
the research: ‘The interest of the 
work is that the authors compare 
the numerical simulations with 
experimental results, and consider 
a spherical geometry, which has not 
been done before.’ 

Volpert identifies two directions 
this research could take next, ‘If 
we are talking about fire safety, and 
this is an important issue, I would 
say a systematic experimental 
and theoretical investigation of 
fuel tanks and so on is needed.’ 
From a theoretical point of view, 
however, he would like to see a 
systematic investigation of complex 
nonlinear dynamics, for example 
the transition of the behaviour of 
the combusting system to chaos and 
chaotic heat explosions.
Colin Batchelor

Theoretical chemists 
have improved our 
understanding of why 
things explode
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