
tures, and allowing the SDA to be recovered
and recycled,would be highly desirable.

Lee et al.2 have devised just such a
method. Because their procedure does not
require a high-temperature processing step,
it does not have the drawbacks stemming
from that part of the conventional pro-
cedure. Conceptually, the SDA concerned
has several virtues: it is stable at the high pH
required for the synthesis; it meets the condi-
tions of rigidity, size and polarity required7;
and it can be easily disassembled inside the
finished zeolite’s pores and removed.

Lee et al. have proved their concept by
synthesizing the zeolite ZSM-5 using a type
of molecule known as a cyclic ketal. This was
prepared by reacting a cyclic ketone with 
ethylene glycol — a reversible reaction, as
shown schematically in the paper (see page
386). The ketal molecules remain stable 
during the zeolite synthesis and end up
occluded within the pores of the final crys-
talline structure. Their size means that they
cannot pass out of the pores and under usual
practice they would be burned off and lost.
But selection of a cyclic ketal as the SDA is
clever, because these molecules can easily be
broken up into the original cyclic ketone and
ethylene glycol by lowering the pH under
mild liquid or gas conditions. The ethylene
glycol can simply be flushed out of the zeolite
structure, and the ketone, which is smaller
than the cyclic ketal, can be removed intact
from the pores by an ion exchange with
NaOH and NaCl at 100 7C. This process of
disassembly is the reverse of the ship-in-a-
bottle technique, by which organic ‘guests’
with useful properties are introduced into
the pores of zeolites.

The authors take the reaction full circle:
from cyclic ketone and ethylene glycol, to the
SDA cyclic ketal, to synthesis of the ZSM-5
zeolite, followed by recovery of the original
glycol and ketone. Importantly, the chemical
extraction and recovery of the SDA does 
not seem to break Si–O–Al bonds in ZSM-5,
thereby preserving the acid sites and cata-
lytic activity associated with the framework
aluminium.The authors claim that their con-
cept could be expanded to other,similar SDAs
that are stable under alkaline conditions but
which break up at low pH, such as acetals and
orthoesters. To my mind, particularly entic-
ing prospects centre on the large number of
SDAs whose synthesis proceeds through
ketone intermediates — as with those made
with the Diels–Alder reaction9, which is one
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Synthetic chemistry

Ship reverses out of bottle 
Avelino Corma

The industrial application of zeolites is limited by the cost of certain
organic materials that are needed to make them, but which are
destroyed in the process. A clever technique offers a solution. 

Zeolites are perhaps best known as
molecular sieves. These porous struc-
tures occur naturally, but are more

familiar as products of the ingenuity of
chemists — as, for instance, components of
water softeners. Their regular pore structure
and high pore volumes allow them accu-
rately to discriminate between, and orga-
nize, molecules. This characteristic means
that synthetic zeolites have found wide
application as ‘nanoreactors’ and selective
membranes, and even as components of
electronic devices1.

Scientists in both the academic and indus-
trial worlds are working hard to find ways 
to make new zeolitic materials with more
complex pore topologies, and to improve the
existing synthetic techniques. One fruit of
their labours is to be found on page 385 of this
issue2, where Lee et al. describe a promising
method for recovering and recycling the
organic ‘structure-directing agents’ (SDAs).
These molecules are used to control pore 
formation in zeolite synthesis, but they tend
to be expensive and typically are destroyed
during the production process.

Zeolites are crystalline aluminosilicates,
made of interlocked tetrahedrons of SiO4 and
AlO4 in which each oxygen is shared between
adjacent tetrahedra. New structures can be
created through the directing effect of some
of the framework cations, which favours the
presence of certain subunits in the final zeo-
lite structure3–6, but more especially by using
new SDAs7,8. In the latter case, the self-assem-
bly of the crystalline inorganic zeolite is 
dictated by a complex process that involves
numerous weak interactions with the SDA
concerned (water-soluble quaternary am-
monium ions, amines and crown ethers are
examples often used). The SDA determines
the pore topology by filling the pore space
and maintaining a close geometrical corre-
spondence with the inorganic framework.
The organic components are then burned off,
leaving a zeolite with a specific porosity.

In many cases, the creation of a novel 
zeolite structure requires the preparation of
complex and costly SDAs, but their destruc-
tion during zeolite synthesis is economically
prohibitive. Furthermore, the high tempera-
tures (500 7C or more) and the water formed
during SDA removal may break some of the
structural Si–O or Al–O bonds.This, in turn,
can destroy potentially catalytic active sites
or reduce the crystallinity of the final zeolite.
A way of making zeolites at low tempera-

100 YEARS AGO
Aëronautics. How little we appear to have
advanced beyond where we were fifty years
ago, when on September 24, 1852, that
eminent French engineer, Henri Giffard,
succeeded during an experimental ascent in
Paris in driving a balloon against the wind for
a very short distance, although on October 19,
1901, M. Santos Dumont was successful in
navigating his balloon from St. Cloud round
the Eiffel Tower in Paris and back to the spot
where he had started only half an hour
previously. Many have been engaged in this
so far unsolved problem of aërial navigation,
but there is one of whom we seldom hear.
I will quote what Dr. Janssen said in his
Presidential Address to the International
Aëronautic Congress... regarding Mr. Langley,
Correspondent of the Institute of France and
Secretary of the Smithsonian Institution at
Washington. “Independently of the fine and
profound researches of this investigator 
upon the resistance of air, Mr. Langley has
constructed an aëroplane which has
progressed and has sustained itself during a
time notably longer than any of the apparatus
previously constructed.” In the last report of
the Smithsonian Institution, that for 1901, it is
stated that this steel flying-machine had... a
weight of 30 lb., developed 11/2 horse-power,
and repeatedly flew from one-half a mile to
three-quarters of a mile.
[The writer’s bet on the ‘aëroplane’ having a
future was soon borne out. Before the year
was out, the Wright brothers had made
aviation history with their flight at Kitty
Hawk, North Carolina.]
From Nature 24 September 1903.

50 YEARS AGO
Traité de paléontologie. Publié sous la
direction de Prof. Jean Piveteau. Space forbids
a review of individual chapters, but many
general points invite criticism. From Prof.
Piveteau’s introduction it would appear that
nothing significant in palaeontology has ever
been done outside France (with one Belgian
exception). This attitude has fortunately not
affected the contributors. The chapters on
general principles display that characteristically
French blend of authority with enthusiasm
which disarms criticism... these two volumes
will be found more valuable on general
questions than as taxonomic handbooks. The
best things have the true Gallic brilliance and
penetration and will endure. The weaker
parts show that so formidable a task as this
is not to be lightly undertaken.
From Nature 26 September 1953.
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be enough to tackle cancers that result from
several genetic abnormalities. Instead,
attention is turning to proteins such as
heat-shock protein 90 (Hsp90) that regu-
late many signalling pathways in cancer
cells. One feature of Hsp90 has concerned
investigators — although cancer cells can
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produce high levels of the protein1, it is also
abundant in normal cells. This might mean
that drugs targeting Hsp90 prove to be
unacceptably toxic. Surprisingly, however,
the first Hsp90 inhibitor to be tested in clin-
ical trials, the drug 17-AAG, has been well
tolerated by patients. On page 407 of this
issue, Kamal et al.2 provide data that begin
to explain this apparent paradox. These
authors report that Hsp90 found in tumour
cells has a much higher affinity for 17-AAG
than does Hsp90 from normal cells.

In 1962, while looking at the salivary-
gland chromosomes of the fruitfly Droso-
phila, Ferruccio Ritossa noticed that certain
regions of the chromosomes puffed out in
response to a sudden increase in tempera-
ture3. The gene products encoded on these
chromosome puffs were later isolated and
termed heat-shock proteins, or Hsps. The
production of Hsps accelerates in response
to temperature stress, but these proteins are
abundant even in unstressed cells. Hsps 
have been more accurately called ‘molecular
chaperones’, because they protect other cell-
ular proteins from becoming misshapen as a
result of high temperature or other environ-
mental insults, and certain Hsps also enable
newly synthesized proteins to attain the 
correct conformation.

One particular chaperone, Hsp90, has
been implicated in the survival of cancer
cells4. Hsp90 regulates the function and
stability of many key signalling proteins 
that help cancer cells to escape the inherent
toxicity of their environment, to evade the
effects of chemotherapy, and to protect
themselves from the results of their own
genetic instability. So inhibitors of Hsp90
could mount a multi-pronged assault on
cancer cells that, if not lethal itself, might
leave them sufficiently debilitated to allow
control by chemotherapy or radiotherapy.

Despite this compelling rationale for
Hsp90-directed anticancer therapy, the
abundance of the protein in normal cells
raised concerns that an Hsp90 inhibitor,
such as 17-AAG, would be unacceptably
toxic to patients. But unaccountably, pre-
clinical data and the results of an initial 
clinical trial showed that this drug seemed to
target tumour cells in preference to normal
cells. Why? Kamal et al.2 provide an answer.
They find that Hsp90 derived from tumour
cells binds to 17-AAG up to 100 times more
tightly than does Hsp90 isolated from nor-
mal cells. Intriguingly, Hsp90 from normal
cells binds the drug with nearly the same low
affinity as does purified Hsp90 (refs 2,5).

To begin to investigate the higher affinity
of 17-AAG for tumour Hsp90, the authors
looked at whether the chaperone interacted
with other proteins inside tumour cells and
normal cells. To stabilize its ‘client’ proteins,
Hsp90 assembles with other chaperones and
associated proteins to form a ‘super-chaper-
one machine’6. Kamal et al. found that in

of the most widely used reactions in organic
chemistry and is often used to synthesize the
SDAs needed to create large-pore or even
ultra-large-pore zeolites.

The new method could perhaps also be
applied to zeolite syntheses that do not 
necessarily involve high pH. For instance,
reactions can be performed under mild
acidic or neutral conditions if fluoride salts
are used in the initial stages of zeolite forma-
tion. Similarly, the synthesis of microporous
aluminophosphates does not require a high
pH. This should expand the technique’s
range to more than just those SDAs that are
stable under alkaline but not under acidic
conditions.

Lee et al. show that their elegant pro-
cedure works in the laboratory. It will need 
to be scaled up for industrial purposes, and
optimized at that level. But zeolite structures
that are at present considered no more than

laboratory curiosities — because expensive,
non-recyclable SDAs are required to make
them — should then make their appearance
in the wider world. n
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Cancer

The rules of attraction
Len Neckers and Yong-Sok Lee

The puzzle of how a drug that binds to a protein found in normal cells
as well as cancer cells preferentially kills tumours is now solved — the
target protein exists in a drug-binding complex in tumour cells.

Targeting a specific protein or a single
signalling pathway that is required for
the survival of tumour cells but not

normal cells would seem to be a promising
anticancer strategy. Unfortunately, few such
unique targets exist, and it is becoming clear
that inhibiting a single pathway might not

Figure 1 Catalysts of change? The Hsp90 inhibitor geldanamycin exists in two forms. In solution it
exists in an extended conformation, but it must switch to a ‘C-clamp’ conformation before it can 
bind to the Hsp90 protein. The energy barrier between these two conformations is too great to 
allow spontaneous conversion, so the change must be catalysed. Kamal et al.2 show that the drug 
17-AAG, which is related to geldanamycin, binds more tightly to Hsp90 when the protein is part of
a ‘super-chaperone machine’ that actively modulates the shape of ‘client’ proteins. It is possible that
Hsp90 itself catalyses the conversion of drugs like 17-AAG — and that the super-chaperone machine
might be a more efficient catalyst of this process than uncomplexed Hsp90.
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