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could serve as a precursor to produce many 
other bryostatins. Their strategy relied on 
coupling three fragments of the molecule at a 
late stage in the synthesis.

They made the B ring using a spectacular 
ruthenium-catalysed coupling reaction8 between 
an alkene and an alkyne (a compound that con-
tains a carbon–carbon triple bond). Although 
both fragments contain an array of potentially 
reactive chemical groups, the ruthenium catalyst 
binds selectively to the alkene and the alkyne, so 
inducing the formation of a new carbon–carbon 
bond (Fig. 2b). Such chemoselectivity is essential 
to obtaining efficient synthetic routes because it 
avoids the use of protecting groups — chemical 
groups that are attached temporarily to reactive 
parts of molecules to prevent them from inter-
fering in desired reactions. Not only does the 
ruthenium-catalysed reaction form the B ring 
with the correct three-dimensional arrange-
ment of substituents, it also controls the geom-
etry of the potentially troublesome exo-cyclic 
alkene. Furthermore, the reaction is perfectly 
atom-economical: all of the atoms found in the 
starting materials (bar the catalyst) are present 
in the coupled product.

Trost and Dong2 prepared the C ring in 
a two-step process involving two different 
transition-metal catalysts. The first step is a 
palladium-catalysed coupling9 of two alkynes 
(Fig. 2c), which not only sets the scene for the 
formation of the C ring, but also forms the 
characteristic large ring present in bryostat-
ins. This reaction is remarkable, both because 
it is perfectly atom-economical and because 
it is the first demonstration that such a large 
ring structure (containing 22 atoms) can be 
made using this kind of carbon–carbon bond-
forming reaction. Such ‘macrocyclizations’ are 
notoriously problematic, so Trost and Dong 
have effectively added a useful entry to the 
existing roster of possible reactions.

The authors completed the synthesis of 
the C ring using a gold-catalysed reaction 
to form a carbon–oxygen bond between an 
alcohol group (OH) and the alkyne produced 
in the previous step (Fig. 2d). Gold catalysts 
activate alkynes selectively10 in the presence of 
a wide variety of other chemical groups, a use-
ful property that is used here to great effect. 

the door to a practical process for preparing 
the compound, and provide ready access to 
bryostatin analogues for drug discovery.

The bryostatin family of compounds is 
derived from the bryozoan Bugula neritina3 
(Fig. 1), and encompasses more than 20 struc-
turally related natural products. Not only do 
these compounds exhibit anticancer properties, 
but they have also been shown to improve cog-
nition and enhance memory in animals4, mak-
ing them interesting leads for drug-discovery 
efforts targeting Alzheimer’s disease. But the 
concentration of bryostatins in B. neritina is 
low, so extraction from bryozoans is not a via-
ble means of producing these compounds — at 
least, not in quantities that would allow a com-
plete evaluation of their biological profiles.

Bryostatins have therefore long been 
synthetic targets of choice for chemists — not 
only because of the need to find a practical way 
of making them, but also because the struc-
tural complexity of the compounds provides 
a perfect opportunity to test new synthetic 
methods. Despite intensive efforts, only 
three total syntheses of bryostatins have been 
reported5–7. These achievements were rightly 
hailed as landmarks in organic chemistry, but 
they required lengthy sequences of consecu-
tive synthetic steps (at least 40), making them 
impractical for the preparation of more than 
milligram quantities of material.

So what is it that makes bryostatins such 
interesting synthetic targets? A rule of thumb 
in synthetic chemistry is that the more chemical 
groups are squeezed into a small molecule, the 
more difficult that molecule will be to prepare. 
In this respect, the core structure of bryostatin 
features three rings (designated A, B and C; 
Fig. 2a) that are densely populated with chemi-
cal groups. Furthermore, two of these rings, 
B and C, contain motifs known as exo-cyclic tri-
substituted alkenes (alkenes are distin guished 
by carbon–carbon double bonds). In the pre-
vious syntheses of bryostatins5–7, controlling 
the geometry of the groups attached to these 
alkenes was a truly formidable challenge, for 
which ingenious solutions had to be invented. 
Equally difficult to prepare, on the basis of 
the experiences of the previous syntheses, is 
another alkene group in the molecule, which 
forms part of the linker between 
rings B and C. 

Multi-step syntheses of complex 
molecular targets will be efficient 
and practical only if as many of the 
required reactions as possible are 
‘atom economical’. In an optimal 
atom-economical process, all of the 
atoms in the reactants end up in the 
desired product. This idea is one of 
twelve accepted criteria used to quan-
tify how environmentally friendly 
chemical reactions are, and has been 
fully implemented by Trost and Dong2 
in their synthesis of bryostatin 16. 
The authors deliberately chose this 
molecule as their target because it 

Figure 1 | The natural source of bryostatins. Approximately 
1 tonne of the marine organism Bugula neritina is needed 
to isolate 1 gram of bryostatin anticancer agents.

50 YEARS AGO
In an address to the School 
Broadcasting Council on 
November 7, Sir Ian Jacob, 
director-general of the British 
Broadcasting Corporation, referred 
particularly to the dependence 
of Great Britain, and possibly its 
survival, upon the widest possible 
diffusion of scientific skills and 
knowledge. He suggested that the 
British Broadcasting Corporation 
might be able to make, in its 
own way, “a new and massive 
contribution to the understanding 
of science in the secondary 
modern schools, where the need 
perhaps is greatest and where the 
shortage of good teachers is likely 
to be most acute”. 
From Nature 29 November 1958.

100 YEARS AGO
I have just acquired for the 
Canterbury Museum the skeleton 
of a huge blue whale (Balaenoptera 
sibbaldii). The whale was cast on 
to the beach at Okarito, on the 
west coast of the South Island of 
New Zealand, early this year, and 
measured 87 feet in length. My 
statement that the Okarito whale 
is among the largest known has 
been freely challenged in the local 
Press … I have naturally sought 
information as to the length 
of skeletons of great whales 
preserved in museums, but have 
been unable to obtain satisfactory 
data. I shall be pleased, therefore, 
if directors of museums 
possessing the skeletons of large 
whales will kindly communicate 
with me direct, or, as the matter 
is one of general interest, through 
the medium of Nature.
ALSO:
Students of the occult will 
welcome the elaborate paper by 
Dr. W. L. Hildburgh in the current 
issue of the Journal of the Royal 
Anthropological Institute on 
Sinhalese magic. He illustrates 
with copious detail the equipment 
of the magician, devil-dancer, 
and astrologist, describes their 
methods, and provides an 
ample supply of curious charms, 
amulets, and horoscopes. He does 
not enter upon the question of the 
origin of this system of magic.
From Nature 26 November 1908.
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