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UPDATE

RESOLV-ing Nanosize
Drugs
One of the greatest difficul-
ties in dealing with drug
candidates is that many of
them are poorly soluble in
aqueous solutions. This can
interfere with both bioavail-
ability and delivery. One of
the most versatile methods
of dealing with this issue
is reducing particle size.
Although there are numerous
traditional methods of affect-
ing particle size, researchers
Pankaj Pathak and colleagues
at Clemson University, South
Carolina, recently reported
on their development of a
newer version of a supercriti-
cal fluid processing technique
that seems to prove comple-
mentary to the previous
methods.

Rapid expansion of super-
critical solution (RESS) is the
current supercritical fluid
technique deemed promising
for small-particle production.
RESS relies on dissolving a
solute in a supercritical fluid,
followed by the rapid expan-
sion of the solution across an
orifice or capillary nozzle into
ambient air. This creates a
rapid reduction in pressure
that causes supersaturation
and rapid homogeneous
nucleation of very small well-
dispersed particles in the
micrometer range (although
nanoparticles are theoretically
possible and occasionally
seen). In an article in the J.
Am. Chem. Soc. (2004, 126,
10842–10843), Pathak and
colleagues detail how they
have developed a modifica-
tion of this system in which

the supercritical solution is
expanded into a liquid solvent
instead of ambient air. They
call their method RESOLV
(rapid expansion of a super-
critical solution into a liquid
solvent).

In the experimental system,
ibuprofen was dissolved in
liquid CO2 (0.25 mg/L) and
passed through a syringe
pump and a heating unit to
the supercritical temperature,
40 °C, before reaching the
expansion nozzle. The rapid
expansion was due to the
shift from the pre-expansion
pressure of 200 bar through
a 50-µm orifice into ambient
water or an aqueous solution.
In water, the suspended nano-
particles agglomerated over
time, forming a precipitate,
but use of an aqueous solu-
tion of 0.5-mg/mL poly(N-
vinyl-2-pyrrolidone)—
PVP—instead of neat water
prevented this precipitation
and kept the particle size at
an average of 40 nm with a

standard deviation of 8.5 nm
(as revealed by scanning elec-
tron microscopy). The re-
searchers believe that this can
form the basis of a reliable
and appropriate method of
creating nanoparticle-size
drugs for testing and thera-
peutic purposes.

Mark S. Lesney

The Art of Organogels
Chemists have had genera-
tions to learn how to deal
with solids, liquids, and
gases, but gel technology
has been a more modern
concern, advancing rapidly
in the past decade. According
to Emiliano Caretti and
colleagues at the University
of Florence, Italy, and George-
town University, Washington,
DC, “Gels offer rather unique
avenues to new materials with

controllable physical proper-
ties and applicability.” In
particular, the researchers
recently reported in Lang-
muir (2004, 10.1021/
la0495175) their efforts to
create a polymeric organogel
“intelligent” system that can
switch controllably from
solution to gel-type rheo-
logical behavior by chemical
action in a way that may
prove useful for cleaning
works of art. Current art
conservation methods using
gel technology have some
significant problems result-
ing from the difficulty of
removing gellant residues
after cleaning. Even the use
of potentially damaging
solvents can fail to remove
polymeric materials from the
painted surfaces or beneath
them because of the high
viscosity of the gels.

Caretti and colleagues
developed a polyallylamine
(PAA) gellant in an ammo-
nium carbamate form (PAA-
CO2). As 1-pentanol is a
commonly used solvent for
cleaning varnishes from
paintings, they used a PAA-

CO2/1-pentanol
gel as a cleaning
agent to remove
non-original mate-
rial from the sur-
face of a 14th-
century wood
painting (see
figure). Its utility
was compared
with that of the
most commonly
used gel—poly
(acrylic acid)/1-
pentanol. Aliquots
of both gels were

Scanning electron microscope
images of the naproxen nanoparti-
cles from RESOLV with water (top)
and RESOLV with aqueous PVP solu-
tion (bottom). (Adapted with permis-
sion from J. Am. Chem. Soc. 2004,
126, 10842–10843.)

A 14th-century painting from the National
Gallery in Siena, Italy, with a magnified area show-
ing removal, with a PAA·CO2/1-pentanol-based gel,
of a layer that was applied long after the original
painting was made. (Adapted with permission
from Langmuir 2004, 10.1021/la0495175.)
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applied with a brush to
portions of the painted
surfaces for 60 s. Use of a
0.05 M aqueous solution
of acetic acid (the degelling
agent for PAA-CO2) lique-
fied that sample and allowed
complete removal of the
former gel with an absor-
bent cotton swab. On the
other hand, the standard
poly(acrylic acid) gel left
detectable high-viscosity
residues. These would have
required organic solvents to
completely remove. PAA-
CO2 proved capable of
removing a postcreation
shiny lacquer from the paint-
ing, and no traces of the PAA
could be detected on the
cleaned surface by Fourier
transform infrared spec-
troscopy after gel removal.

Mark S. Lesney

Drug by in situ Click
Chemistry
Various techniques have been
used for drug discovery, from
synthesizing analogues to natu-

ral product research to com-
binatorial chemistry. A rela-
tively new technique, called
target-guided synthesis (TGS),
uses the intended target
enzyme to select compounds
that will strongly bind with
it and then provide ways for
these compounds to react
with one another to form
single molecules that bind
with the target. Although
several different TGS tech-
niques have been developed,

many have draw-
backs. Some use
highly reactive
reagents to assem-
ble the individual
parts that may
inhibit parts of
the target, and
the reagents can
damage the target
itself.

To overcome
this, a new tech-
nique has been
developed that
uses a kinetically
controlled ap-
proach to TGS

employing bio-orthogonal
reactions and reagents. Hart-
muth Kolb and co-workers
at the Scripps Research Insti-
tute and the University of
California, San Diego, have
tested this approach by using
it to develop inhibitors for
acetylcholinesterase ( J. Am.
Chem. Soc. 2004, 10.1021/
ja046382g). The researchers
used LC/MS with selected
ion monitoring to identify
products of the synthesis.

Because the technique can
test multicomponent mix-
tures, dramatic gains in effi-
ciency were seen. Synthesis
times were reduced from 6
days to 6 h, and the team
foresees medium and even
high throughput as being
possible.

Three new acetylcholines-
terase inhibitors were found
in addition to a known
inhibitor from a pool of
building blocks. Further-
more, all the inhibitors made
by this method were com-
posed of a syn-triazole isomer.
These syn-triazole-based in-
hibitors are more than 100
times as potent as inhibitors
with other forms of triazole
isomers, which indicates that
this portion of the inhibitor
is an active pharmacophore.
The researchers are now
attempting to synthesize
inhibitors for other targets,
such as HIV protease, car-
bonic anhydrase, and nico-
tinic acetylcholine receptors,
using this method.

Michael J. Felton ◆

Lipid Nanotubes Kill Bugs.
In a search for simple molecules
that self-assemble into nano-
tubes, researchers at the Mc-
Gowan Institute for Regenera-
tive Medicine and the University
of Pittsburgh have made nano-
structures from a secondary
amine HBr salt seed and a
single-chain diacetylenic lipid.
The resulting tubes are 89 nm in
diameter and have walls 27 nm
thick that contain 5 lipid bilay-
ers. The tubes have the unique
attribute of killing bacterial cells.
In addition, the tubes can self-
assemble  into a nanocarpet.
(J. Am. Chem. Soc. 2004,
10.1021/ja048463i)

Giant Solvation Shells.
Fullerenes are difficult to
dissolve because of their low

solubility. Instead, they tend to
form aggregates, which limits

their usefulness. One option has
been to dissolve fullerenes in
metal–ammonia solutions. These

solutions show promise for puri-
fication, charge storage, and

thin-film deposition.
Researchers at University
College, London, used
neutron-scattering tech-
niques to examine the
fullerenes in metal–
ammonia solutions. They
found that the solvent
molecules surrounding
the fullerenes are in-
tensely ordered, and an
intriguing network of
hydrogen bonds exists
in the solvent. (J. Am.
Chem. Soc. 2004,
10.1021/ja046322a)

Separation of
Nanotubes. Single-walled
nanotubes (SWNTs) made by arc
discharge are difficult to separate

from the rest of the soot that is
produced. However, scientists at
the University of South Carolina
and Presbyterian College have
developed an electrophoretic
method for separating these
valuable SWNTs. Because nano-
tubes migrate to electrodes, they
can be separated using a gel,
very similar to the way DNA
is separated by size. Oxidative
chopping and then separation
of the resulting tubes allowed
fluorescent nanotubes to be
separated into colors. Prepara-
tive electrophoresis may become
a method by which to obtain
consistently sized nanotubes, and
the ability to produce fluorescent
nanotubes may become useful.
(J. Am. Chem. Soc. 2004,
10.1021/ja0400082h)

Science Bits

Graphic representation of the binding interac-
tions between syn-TZ2PA6, an inhibitor, and mouse
acetylcholinesterase. (Adapted with permission
from J. Am. Chem. Soc. 2004, 10.1021/ja046382g.)

The view from inside a fullerene,
showing the equilibrium configuration of
C60K5(NH3)250. C60

–5, red; K+, blue; H, light
gray; N, green. (Adapted with permission from
J. Am. Chem. Soc. 2004, 10.1021/ja046322a.)


