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Desosamine in multicomponent reactions

Sepp Achatzb and Alexander Dömlinga,*
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Abstract—Ubiquitously in natural products occurring desosamine is introduced into isocyanide based multicomponent reaction
chemistry. Corresponding products are of potential interest for the design of novel antibiotics.
� 2006 Published by Elsevier Ltd.
Many natural products are glycosylated and their bio-
logical activity is crucially dependant on the glycosyla-
tion. The amino sugar desosamine occurs in diverse
natural products with different activities, for example,
in the antibiotics tylosin 1 with mycaminose structurally
related to desosamine, erythromycin 2 and methymycin
3. SAR studies indicate that the disappearance of the
sugar moiety leads to biologically inactive molecules.
Recent structural elucidation of the binding mode of
desosamine containing antibiotics (clarithromycin,
erythromycin, azitromycin and tylosin) towards the
ribosome can help to further understand the role of this
amino sugar.1 Based on these studies a net of hydrogen
bonds and an ionic interaction is responsible for the
strong binding of desosamine towards the ribosome,
the primary target of this group of antibiotics (Fig. 1).
Besides direct binding involvement towards the target
one has to assume a considerable role of desosamine
in the solubility and pharmacokinetic of the natural
product.

The prokaryotic ribosome is sufficiently different form
the eukaryotic one and thus comprises a major validated
antibiotic target. More than 40 different antibiotics have
been characterized to bind to the ribosome.2 Several of
those belong to the economically very successful
antibiotics.

Based on the direct binding of desosamine onto the ribo-
some and the available structural data we envisioned to
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prepare small molecular weight compounds containing
the desosamine unit.

In the past, we collected a lot of experience in the synthesis
of libraries using MCR chemistry.3 MCRs have intrinsic
advantages making them highly useful in discovery and
medicinal chemistry, such as superior accessible chemical
space and time and effort to outcome ratio.4

Here, we show pilot preparative studies towards this
goal, involving the gram scale preparation of 2-amino
desosamine and first compounds based on Ugi’s tetra-
zole scaffold.

Desosamine can be prepared on a gram scale by acid
hydrolysis from readily available erythromycin (Fig. 2).5

Having established a convenient gram scale synthesis of
desosamine we started to prepare building blocks based
on the desosamine moiety useful as starting materials
for multicomponent reactions, such as the primary
amine and the isocyanide (Fig. 3).6 First, the Kochetkov
reaction of glycosides with ammonium carbonate in
water at room temperature served to prepare
2-aminodesosamine.7

For the synthesis of compounds based on MCR back-
bones, we initially investigated the a-aminomethyl tetra-
zole scaffold based on an Ugi reaction (Fig. 4).8 This
backbone has the advantage to yield a secondary amine
derived from the primary amine input and thus to
maintain the solubility and basic character of the target
compounds. Thus Ugi-tetrazole based compounds have
been proven to show excellent ADME properties in the
past.9
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Figure 3. Preparation of 1-aminodesoasamine 5 from desosamine and

ongoing synthesis of 1-isocyanodesosamine 6.
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Figure 4. The synthesis of disubstituted a-aminomethyl tetrazoles

according to Ugi.
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Figure 5. Two exemplary desosamine containing tetrazoles.
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Figure 1. Above: Desosamine in different natural products. Below:

Binding of the desosamine moiety of erythromycin to the ribosome

(pdb ID: 1JZY). The 2 0-OH contributes three hydrogen bonding to N6

and N1 of A and N6 of another A. The 3 0NMe2 forms a salt bridge

with a phosphate of a G. Overall desosamine is involved in four

hydrogen bonds and one salt bridge. The model was created using

PyMol (www.pymol.com).
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Figure 2. Acid hydrolysis of erythromycin yields desosamine.
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Synthesis of 7 and 8 was accomplished by the reaction of
1 mmol each of TMS-azide, aldehyde, 2-amino desos-
amine and the corresponding isocyanide in methanol
at room temperature for 24 h. Evaporation of the sol-
vent and concomitant chromatographic purification of
silica gel yielded 7 and 8 as a mixture of diastereomers
in 37% and 25% yield, respectively (Fig. 5).10

Disappointingly, screening of the two compounds 7 and
8 as mixtures of diastereomers against growth of the
four representative gram positive and negative bacterial
and fungal pathogens Bacillus subtilis, Staphylococcus
aureus, Candida albicans and Echerichia coli at the three
concentrations 50, 100 and 400 mM revealed no antibi-
otic activity.11 The lack of activity might be explained by
an inefficient cell penetration, efflux or no or bad recog-
nition at the molecular ribosomal level for effective inhi-
bition of protein biosynthesis.

In summary, we have synthesized 2-aminodesosamine
from readily available erythromycin, by hydrolysis and
subsequent aminolysis for the introduction in MCR
chemistry. There are several points to mention. First, we
introduced the amino sugar in the Ugi-4CR, the tetrazole
variant, in initial experiments. Unfortunately the result-
ing compounds did not show any antibacterial activity
in several bacterial and fungal strains. Second the combi-
natorial synthesis of arrays of desosamine containing
organic molecules could lead to novel types of antibiotics
interfering with the prokaryotic protein synthesis. Third,
the described strategy could form an alternative to the
introduction of desosamine containing polyketide
libraries using glycosyltransferases.12 Further studies
are ongoing to produce novel antibacterials based on
the outlined strategy and libraries derived from novel
building blocks, for example, 1-isocyanodesosamine 6.
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6. Dömling, A., unpublished.
7. Likhosherstov, L. M.; Novikova, O. S.; Derevitskaja, V.
A.; Kochetkov, N. K. Carbohydr. Res. 1986, 146, C1–C5.

8. Ugi, I.; Steinbrückner, C. Chem. Ber. 1961, 94, 734.
9. Hulme, C. In Multicomponent Reactions; Zhu, J., Bien-
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