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SciTECH Briefs

Suzuki Lite?
Palladium-catalyzed cross-coupling of aryl
halides with boronic acids, commonly
known as the Suzuki reaction, is one of
the most versatile strategies for the selec-
tive construction of C–C bonds. It has
proved invaluable to modern chemistry,

especially for the formation of biaryl
compounds—core structures in a wide vari-
ety of industrial products from herbicides
to pharmaceuticals. But transition metals
such as palladium bring their own compli-
cations to a reaction. For one, they are not
environmentally friendly. In addition, they
can form complexes that are highly air and
moisture sensitive, requiring intricate
handling procedures and organic solvents.

The recent use of soluble aryl iodides
and simple palladium salts has shown that
water can be a viable solvent for Suzuki
reactions. This has enhanced the “green-
ness” of the process significantly in terms
of both decreased toxicity and cost. Further-
more, researchers have shown that the
addition of tetrabutylammonium bromide
(TBAB), which is thought to facilitate solva-
tion of the organic substances in water and
active boronic acid, greatly accelerates the
aqueous Suzuki reaction. 

Recently, Nicolas Leadbeater and Maria
Marco of King’s College London reported
that TBAB could also be used in water with
microwave heating in a manner that
eliminated the need for transition-metal
catalyst entirely—creating the greenest
Suzuki-type reaction yet available (Angew.
Chem., Int. Ed. 2003, 42, 1407–1409).
According to the scientists, the method-
ology has immediate potential for both
research and industrial applications.

They developed their method using
phenylboronic acid coupling to 4-bromoace-
tophenone as a test case. Optimal yields
(~100%) were obtained by using 3.8 equiv-
alents of sodium carbonate base and carry-
ing out the reaction at 150 oC with a
microwave setting of 100 W. This power
level (60 W is more typical for palladium-
mediated couplings) was possible because
there was no need to worry about the deac-

tivation of a metal catalyst. By using new
glassware and highly purified reagents, as
well as ICP-AA spectroscopy, the researchers
were able to provide assurances that
there were no detectable levels of alter-
native metals or contaminating palladi-
um that could influence the reaction. 

In subsequent experiments, the method
proved applicable to a wide range of aryl
bromide substrates but showed lower yields
with aryl iodides (25–79%) and failed
completely with aryl chlorides. Accord-
ing to the researchers, the mechanism of
the coupling reaction is currently under
investigation. 

—Mark S. Lesney ◆

Lactate and LOx
The ability to rapidly quantify lactate is
critical to a variety of fields, including food
science and metabolic studies. The enzyme
lactate oxidase (LOx) is typically used for
this purpose because it is inexpensive
and does not require cofactors to catalyze
the reaction of lactate with O2 to form
pyruvate and H2O2, which can be meas-
ured electrochemically. The development
of electrochemical lactate biosensor devices
has been hampered, however, by the rela-
tive instability of the enzyme outside of
its normal matrix. To address this problem,
Waldemar Gorski and colleagues at the
University of Texas at San Antonio recent-

ly tested the lactate-sensing properties of
a new electrode that carries a copolymer
of chitosan (CHIT) and LOx (Anal. Chem.
2003, 79, 2060–2064).

The researchers combined solutions of
CHIT and LOx on the surfaces of plat-
inum electrodes and allowed the white
precipitates that formed to dry for sever-
al hours. They then rinsed the electrodes
in buffer to remove loosely bound enzyme
and tested the electrodes in solutions
containing varying amounts of lactate.
Although the activity of the bound LOx
was only 4% of the activity of free LOx
(largely a consequence of the stabilizing
interactions and steric hindrances on the
copolymer film), the CHIT–LOx electrode
had a dynamic range covering lactate
concentrations from 100 nM to 1 mM
and a lower detection limit of 50 nM, 10-
to 100-fold better than other single-film
lactate biosensors. 

The researchers measured the electrode’s
response time and found that they could
detect even very dilute solutions of lactate
in <1 s. The electrodes also displayed a
constant response over a 24-h period of
continuous exposure to lactate, a behav-
ior that is atypical for other amperomet-
ric lactate biosensors.

Although the researchers achieved good
results with solutions of pure lactate, they
found that undiluted milk deactivated the
electrodes, a problem that they ascribe to
the insulating effects of casein, which
precipitates in the presence of CHIT. To
address this problem, the researchers are
trying to chemically modify the surface
of the CHIT–LOx electrodes so that they
repel contaminating proteins. Alternatively,
they suggest, the electrodes can be used
with a microdialysis unit.

—Randall C. Willis ◆

Microwave-promoted transition-metal-free Suzuki-type coupling of 4-bromoacetophenone
and phenylboronic acid in water.
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Biodegradation Representation
Contamination of groundwater has incited
many studies that assess the various aspects
of transport in porous media. This provides
a means to make predictions regarding natu-
ral attenuation processes and, thus, to alle-
viate the potentially enormous expense of
remediation. Because performing compre-
hensive field tests is very difficult, devel-
oping laboratory models is essential. 

This prompted Wei E. Huang at the
University of Wales (Aberystwyth) and
colleagues at the University of Sheffield
(England) and the University of Alabama
(Tuscaloosa) to use a novel imaging system
equipped with an oxygen-sensitive fluo-
rescent dye, Ru(phen)3Cl2 (oxygen quench-
es the compound’s fluorescence), to detect
aerobic biodegradation processes at the
fringe of a solute plume, where oxygen
supply is usually limited. Transverse mixing
processes that take place in this fringe
region are particularly important to the
rate of biodegradation. Because the imag-
ing process is noninvasive, say the
researchers, it could make an important
monitoring device for predicting solute
transport and natural attenuation mech-
anisms in the very thin and easily disturbed
mixing zone at the fringe (Environ. Sci. Tech-
nol. 2003, 37, 1905–1911).

The technique uses a thin porous matrix
comprised of quartz sand and quartz plates
and inoculated with acetate-degrading
bacteria. This provides a surface where an
injected plume, developed from a contin-
uous acetate source, can degrade in a field
of dissolved oxygen. According to the scien-

tists, the measured distributions of oxygen
are indicative of the degradation process. 

Initially, the scientists determined
model transport parameters in a nonre-
active scheme in which water containing
a sodium fluorescent tracer was flowed
through the porous matrix. They estab-
lished biological parameters of the system,
including total microbial concentration
and maximum specific growth, with batch
experiments in which the bacteria, dye,
acetate, dissolved oxygen, and mineral
medium were reacted and probed at time
points. The acetate and oxygen concen-
trations in the batch experiments decreased
similarly over time, indicating that oxygen
consumption resulted only from acetate
degradation and that oxygen is the only
electron acceptor involved in the process.

In the reactive transport experiment,
the researchers observed how the oxygen
content decreased strongly at the narrow

plume fringe and was depleted at the
core of the plume. And by performing
computational simulations of the process
using the calculated parameters, they were
able to quantify these observations. 

However, although the simulations were
able to predict the depletion of oxygen at
the core of the plume, they did not exact-
ly fit the observed change in oxygen
concentration at the plume fringe. Accord-
ing to the researchers, the broad area where
the biodegradation occurred in laborato-
ry-scale experiments was disproportional
to the simulation profiles because the scale
was too sharp, which they attest could be
attributed to a difference in diffusion coef-
ficients between oxygen and acetate. 

The authors believe that further exper-
imental research is needed to understand
why biodegradation in the batch and flow
systems behave differently.

—Kimberly S. Cleaves ◆
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Science Bits 
And the winner is. Science Spotlight, a
free Web service from the Chemical
Abstracts Service (CAS, www.cas.org) that
provides a real-time, real-usage rating
system for scientific publications, has iden-
tified the most requested articles of
2002 by researchers using CAS products.
The most requested article (Carbohydrate
Res. 1987, 164, 277–296) is titled “Total
Synthesis of Cyclomaltohexaose” and
was published by Yukio Takahashi from
Daito Chemical (www.daitosangyo.com/
indexE.html) and Tomoya Ogawa from
RIKEN (www.riken.go.jp). 
Pest persistence. Scientists from the
University of Arizona have discovered the
three genetic mutations in field popula-

tions of the pink bollworm, the longtime
Arizona crop pest, that confer resistance
to Bt-toxin-producing genetically modi-
fied cotton. This finding paves the way
for DNA-based screens that could be 1000
times more efficient in detecting pest
resistance than currently used assays (Proc.
Nat. Acad. Sci. 2003, 100, 5004–5009). 
Bacterial protection. Researchers from
the University of Granada in Spain iden-
tified a strain of bacteria that might
help protect stone monuments and stat-
ues from pollution-induced erosion. The
bacterium, Myxococcus xanthus, can grow
inside the pores of carbonate stones and
produce calcium carbonate, which can
adhere to the pores and strengthen the
stone (Appl. Environ. Microbiol. 2003, 69,
2182–2193).

Whole-blood assay. Scientists from Rice
University (Houston) developed a rapid
immunoassay capable of detecting analyte
within complex media, such as saline, serum,
and whole blood, without any sample prepa-
ration. This was accomplished by spectro-
scopic monitoring of gold nanoshells, which
are layered dielectric-metal nanoparticles
whose optical resonance is a function of
the relative size of its constituent layers
(Anal. Chem. 2003, 75, 2377–2381). 
Lipids and lanthanides. Researchers from
North Dakota State University (Fargo) syn-
thesized several metal-chelating lipids that
sensitize europium ions. This is important
for the development of lanthanide-based
assays and sensors for peptide and pro-
tein detection (J. Org. Chem. 2003, 68,
3999–4007).
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Experimental oxygen distribution in the porous matrix after a steady state was attained.
(Adapted with permission from Huang, W. E.; et al. Environ. Sci. Technol. 2003, 37, 1905–1911.)


