


Chemical Science

Research highlights

Chinese chemists have developed
apH-responsive system that could
deliver anticancer drugs to the colon
without being broken down by
stomach acid.
Enbo Wang from Northeast
Normal University, Changchun,
China, and colleagues attached a
polyoxometalate (POM), through
adative bond, to mesoporoussilica
spheres. POMs are metal—-oxygen
cluster compounds that show awide
range of antiviral and anticancer
activities. Though they are typically
easier and cheaper to synthesise
than their small-molecule organic
pharmaceutical counterparts,
scientists have found it difficult to
stabilise and selectively deliver them
to their intended therapeutic targets.
Wang tested his silica-bound
POM s stability under acidic, basic
and neutral conditions, replicating
the conditions that they would come
across travelling through the human
digestive system to get to their target.
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He found that the loading and release

of the POM from the silica spheres
is controlled by the pH value of the
surrounding environment. A base
triggers the dative bond to break,

Colon cancer drug could reach its target without being destroyed by stomach acid

Backtobasics fordrugdelivery
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by bonds breaking under
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releasing the POM. Acidic conditions,
such as those found in the stomach,
and neutral conditions don’t affect
the bond, meaning that the POM will
only be released once it has reached
the basic conditions in the colon. The
team also tested the POM's activity
against cancer cells in vitro and found
thatincorporating the POM into
silicaspheres actually increased its
activity.

‘The pH-responsive controlled-
release principle is likely to be of
benefit for avariety of transition
metal-containing drugs,” says Wang.
Eric Maatta, an expertin transition
metal systems from Kansas State
University, Manhattan, US, agrees.
He says that ‘the strategy will likely
be applicable to the delivery of other
classes of anti-tumour agents and
enhances the prospects for POM-
based therapies’. David Parker

Reference
G Sun et al, Dalton Trans., 2009, DOI: 10.1039/
b901133a

Fluorescent pH sensors that are so
sensitive they can detect changes
withinalmosta pH unit have been
developed by Japanese researchers.
The digital sensors could be used in
molecular computers and to monitor
pH changes in biological cells, say
the scientists.

Seiichi Uchiyamaand Yumi
Makino at the University of Tokyo
made the sensors by incorporating
water-sensitive fluorophores into
pH-responsive polymers. The
polymers’ structures vary with pH,
from a hydrated open format low pH
to a dehydrated globular form at high
pH. The sharp fluorescence signals
given at each stage withina pH unit
make them effective digital sensors.
Different polymer structures can
cover different pH ranges.

Dongwhan Lee, an expertin
molecular sensors from Indiana
University, Bloomington, US, says
thatitis the polymers’ innovative
design that allows them to give such
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asharp fluorescent response to pH
change.

‘Our sensors can be used to detect
asubtle change in intracellular
pH,’ says Uchiyama. Conventional
sensors are sensitive to an 80-fold
change in pH whereas Uchiyama’s
sensors require only afive-fold

Scientists develop fluorescent sensors to detect pH changesinabiological cell

Alittle more sensitivity

The sensors can detect
changes within a pH unit

change. As well as changing the
operating pH range, modifying the
proton-recognising groups on the
polymers can also tune the switching
direction (on—off and off-on
actions).

Uchiyama says that in the future,
he hopes to incorporate differention
sensors into the structures to detect
biological ions other than protons.

He adds: ‘Molecular computing
is the most exciting and challenging
application for fluorescent digital
ion sensors. There are many
scientific papers about molecular
logic and computing that use
conventional fluorescent sensors.
Our highly efficient devices could
easily be combined with this concept
to further develop molecular
computing.’

Harriet Brewerton

Reference
S Uchiyama and Y Makino, Chem. Commun.,
2009, DOI: 10.1039/b900889f
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Bacteria offer an easier way to convert biodiesel waste into useful chemicals

Waste not, want not

UK scientists have converted crude
biodiesel waste into useful amines
with no need for difficult separation
techniques.

Glycerol is produced in significant
quantities asaby-productin
biodiesel production, making ita
cheap renewable feedstock for the
chemical industry. For example,
using microbial processes to ferment
glycerol is an attractive route to 1,3-
propanediol, which can be used asa
precursor to high value polymersand
platform chemicals. However, the
fermentation products are produced
indilute solutions along with
cell material and other metabolic
products, making purificationand
separation difficult.

Now a team of scientists, led by
Andrew Marr at Queen’s University
Belfastand Gillian Stephens at
the University of Manchester, has
combined microbial and transition
metal catalysed processes to
produce secondary amines without
having to isolate and purify the diol
intermediate.

Marr and Stephens treated glycerol
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Glycerol waste was
treated with
C.butyricumto produce
secondary amines
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S Liu et al, Chem. Commun.,
2009, DOI: 10.1039/b820657k
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with the bacterium Clostridium
butyricum, then centrifuged the
mixture of bacteria, 1,3-propanediol
and by-products to remove the cells.
The team then added a solution of
aniridium catalyst, base and aniline
intoluene to the solution, creating
abiphasic mixture. After 24 hours
at115°C, 20 per centof the 1,3-

propanediol had been converted to
secondary amine.

‘As fossil fuels become less
accessible, chemists need to start
developing new methods to convert
renewable feedstocks into the
chemical products and materials that
society demands,’ says Marr. ‘Our key
advance is to integrate biocatalytic
and chemocatalytic processes to avoid
the need to separate the fermentation
products.’

‘Thisisan important example of
adding value to renewable resources,’
says Mark Harmer, aresearch fellow
at DuPont, Delaware, US. ‘The ability
to use all of the components from
renewable feedstocks will be key to
developing abiorefinery to replace
the current oil-based refinery.’

Stephensagrees: ‘The new
approach will allow a myriad of
chemical products to be derived from
asingle fermentation mixture. The
microbiology can also be changed,
allowing conversion of awide range
of feedstocks to diverse fermentation
products.’

Vikki Chapman

Amide synthesis goes cheap, clean and simple

Greeningup pharmaceutics

UK scientists have come up with
agreen method for synthesising
amides, a fundamental reaction in
the pharmaceutical industry, using a
cheap and readily available material
found lyingaround in labs.

James Clark and co-workers from
the University of York developed
aheterogeneous catalyst from
silicagel, which isusually used
as the stationary phase in column
chromatography. They heated the
silicagel to 700°C to activate itand
thenused itinareactionto combinea
carboxylic acid and an amine to make
anamide. The only by-product was
water, making the method cheaper,
cleaner and less toxic than existing
procedures. The catalyst remains
active for along time too, even after
exposure to the atmosphere, and can
be filtered for reuse.

Amides have been synthesised in
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Silicagel, used here

to make amides, could
be the key toagreener
pharmaceutical industry
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J W Comerford et al, Chem.
Commun., DOI: 10.1039/
b901581g

various ways over the years, but the
methods are *hazardous, complex
and expensive’, says Clark. ‘Amide
synthesis has been highlighted by the
pharmaceutical industry as one of the
most important targets for greening.’
Peter Dunn at Pfizer, Kent, UK,
who is part of the industry group
that identified amide synthesis as
aprime target for greening, says:

‘What I find most interesting about
this research is that the authors have
used standard silica, which can be
found in any synthetic chemistry
laboratory. They took a material
that was just lying around inthe lab
and discovered that it can be easily
converted to an effective catalyst for
thisimportant transformation.’

‘Green chemistry should always
challenge the more traditional
chemistry community to reconsider
established practices and to apply
its skillsand intelligence to design
greener and more sustainable
processes and products,’ says Clark.
‘We want to extend this particular
type of chemistry to as wide arange
of substrates and products as possible
and then see where else we can
apply the “simple is beautiful” and
“complexisn’tclever” philosophies.’
Mary Badcock
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