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Beadless Combichem
Conventional solution-phase chemistry
offers greater synthetic versatility and
allows for more effective reaction moni-
toring and product purification than does
the solid-phase approach. However, when
it comes to producing combinatorial
libraries, the efficiencies of split-and-pool

resin-based synthesis are unmatched. To
combine the advantages of solution-phase
chemistry with true combinatorial effi-
ciency—that is, the multiplicative ampli-
fication of library compounds per reac-
tion step—a method that overcomes the
challenge of isolating individual pure
compounds from solution mixture synthe-
sis is necessary. A technique called fluo-
rous mixture synthesis (FMS) may fulfill
this need.

Initially reported last year by Univer-
sity of Pittsburgh chemistry professor
Dennis Curran and colleagues from Fluorous
Technologies (Pittsburgh, www.fluorous.com),
FMS involves labeling a set of starting mole-
cules with fluorocarbon tags as a means to
separate and individually identify final
library compounds (Science 2001, 291
(5509), 1766–1769). In their most recent
report, Curran’s group used FMS to prepare
a 560-compound library of pure analogues
of the natural product mappicine (whose
ketone derivative shows activity against
herpesvirus and cytomegalovirus) in four
solution-phase reaction steps using only
80 reaction vessels and column chro-
matography (J. Amer. Chem. Soc. 2002,
124 (35), 10,443–10,450). 

The researchers began with seven
pyridinyl alcohols, each bearing a differ-
ent alkyl group attachment. They then
labeled each with a different fluorocar-
bon chain (ranging from C3F7 to C10F21) and
mixed them together in a single solution.
Two successive “one-pot” reactions were
carried out in this solution to amend the
pyridinyl substituents. The mixture was
then put through consecutive split-paral-
lel reactions: First, it was divided into 8

different vessels, and then each of the 8
was divided into 10 vessels to form 560
fluorocarbon-labeled mappicines varying
at 3 different R substituent positions (see
figure). 

Following each step, unreacted species
and byproducts were removed using stan-
dard silica gel column chromatography.
Reactions were monitored using flash HPLC
with a fluorocarbon stationary phase
that resolved library intermediates by their
fluorous tag chain lengths. These fluo-
rous columns were also used for HPLC-MS
analysis of the final mixtures, which showed
seven sharp peaks in each vessel, repre-
senting the expected tagged mappicines.
Semipreparative fluorous-phase HPLC was
carried out to isolate each of the 560 prod-
ucts. Final removal of the tags afforded
compound yields mostly in the range of
1–2 mg, a sufficient amount for further
characterization by HPLC, MS, and NMR.

The scientists view FMS as a potential
mainstream technique for drug candidate
library synthesis, and Fluorous Technolo-
gies is currently pushing ahead in commer-
cializing products and services based on
FMS for the drug discovery community. 

—David Filmore ◆

Cleaning Water, Catalytically 
Chlorinating public water supplies elimi-
nates disease-causing microorganisms, but
it also can produce mutagenic or carcino-
genic organochlorine compounds in waters
with high organic matter contents. Károly
Mogyorósi and co-workers at the Univer-
sity of Szeged (Hungary) recently devised
a simple and economic photocatalytic
method for removing chlorinated organ-
ics from water. Their approach was shown
to degrade an organochlorine compound
completely in 7 h (Environ. Sci. Technol.
2002, 36 (16), 3618–3624).

Hexadecylpyridinium chloride-modified
montmorillonite (HDPM) clay was used as
an adsorbent to accumulate and concen-
trate 2-chlorophenol (2-CP), which was used
as a test “pollutant” in purified water for
this model system. Mercury lamps provid-
ed UV light, and TiO2 was the photocata-
lyst. The positively charged head groups of
the HDP surfactant bonded to the negative
charges at the interlayer surfaces of the clay.
The aliphatic tails extended into the space
between the clay layers, spreading them
apart to allow greater access as well as provid-
ing a hydrophobic surface for binding the
organochlorine species. 

An initial test using medium-pressure
mercury vapor lamps that simulated the
UV radiation from sunlight (6 W, 365 nm)

converted the 2-CP to quinines, aliphatic
carboxylic acids, and chloride ions, but it
did not reduce the total organic carbon
content of the water even after 18 h. The
researchers switched to high-pressure mercu-
ry vapor lamps (150 W, 240–366 nm) for
subsequent tests, and they evaluated a
series of progressively aggressive treatments. 

Purging an aqueous solution of 2-CP
with air for 10 h removed about 18% of

The conceptual basis of fluorous mixture synthesis and the mappicine skeleton structure.
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the 2-CP from solution. Irradiating an air-
purged solution for 10 h reduced the 2-CP
concentration by about 45%. Using TiO2 in
addition to air purging and UV irradiation
shortened the 45%-removal time to less
than an hour, with an almost complete
removal of 2-CP after 7 h. Adsorbing the
same amount of 2-CP onto HDPM before
adding it to the purged, irradiated TiO2
suspension also resulted in complete
removal in 7 h. The clay retained its
structure and composition throughout the
process, so it did not have to be regener-
ated before being reused. 

—Nancy K. McGuire ◆

Silver-Free Film Process
The science of creating photographs has
remained essentially the same since it orig-
inated in the 1800s: exposure to light
converts ions in silver salts into dark parti-
cles of silver metal on film. Color film
uses three layers of light-sensitive mate-
rial, which absorb red, blue, or green wave-
lengths of light (which together make up
nearly all colors). Color negatives are made
by adding a dye coupler, which combines
with a dye precursor in the three layers
to produce color. The silver is removed,
leaving the dyes behind. 

Conventional darkroom processing
involves the use of hazardous chemicals
necessary to remove the silver in a multi-
step wet chemistry process. However, John
Marshall and colleagues at Polaroid Corp.
(Waltham, MA) recently devised a new
method for developing images on film that
effectively replaces silver with acid (Science

2002, 297 (5586), 1516–1521).
The team’s new process uses the same

three-layer principle normally used for color
film, but the dyes that form the color image
are activated by acid. The whole process,
called acid-amplified imaging (AAI),
takes place in a single sheet of film—it
requires none of the wet processing conven-
tionally used to develop and fix photo-
graphic images.

First, light exposure splits iodonium salt
molecules in the AAI film to make a
“primary acid”. Sensitizing the dyes ensures
that the salt is split only by red light in
the red-sensitized layer, and so on. Next,

the small amount of primary acid is
increased as it catalyzes the formation of
a “secondary acid”. Once amplified, the acid
converts colorless dyes dispersed through-
out the film into colored forms with a differ-
ent color for each of the three layers.
This all happens automatically once the
film is exposed.

At this stage, AAI film isn’t sensitive
enough for taking photographs in ordinary
daylight, but it can be triggered by strong
light sources such as lasers and light-emit-
ting diodes. The technology could present-
ly be used for digital printing or produc-
ing a color image directly from an
electronically controlled light source.
However, say the study authors, with possi-
ble improvements in sensitivity, a new range
of appropriate applications—including
snapshots for the family album—could
arrive in the future.

—Christen L. Brownlee ◆
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Business Bits

2002 Mettler Toledo Thermal Analy-
sis Grant awarded. E. Bryan Coughlin
and Samuel P. Gido received the 2002
Mettler Toledo Thermal Analysis Grant
at the 224th American Chemical Society
National Meeting in Boston. The award
is in honor of Professor Edith A. Turi, a
renowned educator in the field of ther-
mal analysis. The recipients, faculty
members of the University of Massa-
chusetts, were presented the award for
their continuing thermal analysis work
in the Polymer Science and Engineering
Department at the University. The compe-
tition comprised institutions in the Unit-
ed States and Canada that confer doctor-
al degrees and offer education in thermal
analysis. The grant package includes an
entire thermal analysis system and is
valued at more than $140,000.
Semiconductor acquisition. Novellus
Systems, Inc. (San Jose, CA), a leader
in advanced deposition and surface prepa-
ration technology for the semiconduc-
tor industry, has signed an agreement
to acquire SpeedFam-IPEC, Inc. (Chan-
dler, AZ). The acquisition gives Novel-
lus entry into the growing market for
chemical mechanical planarization
systems, which work to prevent distor-
tions as semiconductor patterns are trans-
ferred to wafer surfaces (Dow Jones).
Bayer launches BayerONE. Bayer’s Coat-
ings and Colorants Business Group
(Leverkusen, Germany) has introduced
the BayerONE transaction portal, designed
to enable customers to enter and track
orders at any time and from anywhere
in the world. The company says the
online order management tool will
provide a uniform e-business solution
for use with all of Bayer’s polymer and
chemical groups (eyeforchem).
Added aroma. Noveon, Inc. (Cleve-
land) will expand its production of aroma
chemicals—used as specialty additives
for food, flavors, and fragrances among
other applications—at its manufactur-
ing facility in Kalama, WA. Completion
of the initial phase of the expansion is
expected by mid-2003. As part of the
expansion, Noveon plans to add new
products from assets and technology
acquired from Firmenich S.A. (Geneva,
Switzerland), a leading supplier of flavors
and fragrances (PRNewswire). ◆
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The sensitization mechanism is shown in yellow, the amplification in red, and the image
formation and fixation in green.
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