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Researchers find a way to synthesize small
cyclodextrins

April 12 2019, by Bob Yirka
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Structures of CDs and key elements enabled synthesis of 3 and 4. (A) Because of
the strained glucopyranose-rings in 3 and 4, their existence was considered
implausible. (B) Conception of the EDB bridge and the a-selective glycosylation
attributed to the EDB bridge. The a-selective glycosylation using 5, which
possesses the 3,6-0O-o-xylylene bridge, lacked clarity and effectiveness. A desire
to improve the reaction led to the 3,6-O-EDB-bridged 8. Glycosylation reaction
with 8 proceeded efficiently with a-selectivity. (C) Suppled pyranose by
formation of the 3,6-O-EDB bridge. Because the conformation of the EDB-
bridged compounds is not constant, we hesitated to adopt the conventional
notation of carbohydrates based on the chair form. For the synthesis of 8 to 12,
see SM-9-14. For the determination of each conformation, see SM-8—14. Cp,
cyclopentadienyl; EDB, 1,1’-(ethane-1,2-diyl)dibenzene-2,2’-bis(methylene);
MS, molecular sieves. Credit: Science (2019). DOI: 10.1126/science.aaw3053

A team of researchers at Kwansei Gakuin University in Japan has found
a way to synthesize small cyclodextrins (types of cyclic oligosaccharides)
for the first time. In their paper published in the journal Science, the
group outlines their strategy and describe how well it worked.

Cyclodextrins (CDs) are linked sugars that form in a way that leaves an
open cavity, generally as a ring—chemists have found various ways to
fill the cavities with other useful molecules, which often allows them to
bind to small hydrophobic molecules. Once bound, they become trapped,
making the CDs soluble. Each of the rings has its own name depending
on the number of sugars, such as octamers or hexamers. Pharmaceutical
and other chemical companies have exploited CDs to make a wide
variety of consumer products and medicines. CDs in common use are
typically made from six to eight sugars, but chemists would like to make
new products that use smaller rings with just three or four sugars (CD3
and CD4). Unfortunately, there has not been a way to create such small
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cyclodextrins until now. In this new effort, the researchers in Japan
found a way to solve the problems that other researchers encountered,
revealing how to create new products based on small cyclodextrins.

To create the small cyclodextrins, the researchers used linkers to create
building blocks. The building blocks served to alter the sugar
conformation—more specifically, the linkers pushed the monomers into
having a balanced preference between multiple possible shapes. This
behavior is called suppleness. The researchers forced suppleness by
physically connecting each linker with two of the sugar alcohol groups,
which resulted in the creation of another ring. That allowed the team to
overcome the high strain between the bonds that held the sugars
together—a problem that has prevented their creation in the past.

Cyclodextrins are mainly used to make drugs, but other applications
have included agriculture products and environmental engineering. Their
popularity is mostly attributable to their safety—they are all non-toxic.
Because of their history, it is likely that the new, smaller cyclodextrins
will be used in similar applications.

More information: Daiki Ikuta et al. Conformationally supple glucose
monomers enable synthesis of the smallest cyclodextrins, Science (2019).
DOI: 10.1126/science.aaw3053
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