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Abstract—a-Mannosidase catalyzes the removal of the O-linked mannose units from mannopeptimycin-o. The reaction can be run
on a preparative scale to allow isolation of mannopeptimycin-f or the mono-O-mannosyl intermediate according to the choice of

catalyst.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

The mannopeptimycins (Fig. 1)! are a new class of gly-
copeptide antibiotics, which are active against a range of
drug-resistant Gram-positive bacteria, including methi-
cillin-resistant staphylococci and vancomycin-resistant
enterococci, by a new mechanism of action.? > The more
active members of the naturally occurring series, and the
semi-synthetic derivatives that have been prepared,®'°
typically contain a tyrosine-O-linked o-mannosyl disac-
charide functional group; we were interested in the
manipulation of this moiety by mannosidase-catalyzed
hydrolysis. Furthermore, the selective deglycosylation
of other glycopeptide antibiotics has been reported to
be a useful area of investigation.'!~13

The main aims herein were to find a method for the con-
version of mannopeptimycin-o. to mannopeptimycin-f
without the need for harsh conditions and to isolate
the intermediate O-monosaccharide. We also sought to
differentiate the O- and N-linked mannoses by this
means, to provide a simple diagnostic probe to assist
in the determination of the mannosylation pattern of
new mannopeptimycin derivatives from mutant organ-
isms and to indicate the general regiochemistry of syn-
thetic modifications.
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To our knowledge there are no examples in the literature
of the a-mannosidase catalyzed hydrolysis of mannosyl
or higher polymannosyl residues from a tyrosine or 4-
hydroxyphenylglycine moiety, whether as an individual
amino acid derivative or as part of a more complex pep-
tide structure. However, there are many examples of a-
mannosidase catalyzed hydrolyses of mannosyl residues
from other phenol derivatives.'* ¢ In fact, p-nitrophe-
nyl o-mannopyranoside is the standard substrate for
the enzyme.'*

We therefore investigated the hydrolysis of mannopepti-
mycin-o catalyzed by the commercial a-mannosidases
isolated from jack beans (Canavalia ensiformis)!>!7-18
and almonds (Prunus amygdalus).'® On an analytical
scale, both enzymes mediated a clean conversion to
mannopeptimycin-f with the jack bean enzyme reaction
progressing relatively quickly. No hydrolysis of the N-
linked mannosyl residue was observed in either case.

These enzymes are known to be specific for terminal,
unsubstituted o-mannopyranosides (and not the corre-
sponding B-anomers). This result, together with the
information that mannopeptimycin-o is not a substrate
for the B-mannosidase from snails,?*?! which has similar
specificity for the B-anomer of mannopyranosides, cor-
roborates the spectroscopic structural assignment (based
upon '"H-"*C coupling constants).! Similarly, the obser-
vation that mannopeptimycins-y, 6- and -¢ are not sub-
strates for jack bean o-mannosidase is consistent with
the sites of esterification being on the terminal ring.
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Figure 1. Structures of naturally occurring mannopeptimycins.

H

A. G. Sutherland et al. | Tetrahedron: Asymmetry 15 (2004) 2821-2824

OH
" 1
N O W ~ OH
*f(l‘ T
Ho' Y o) Y~ "OH
OH OH
OH

-

H
“_ _LOH
)Oij,
" ""0H

ol
I

[e]llN
Qun
O i

HO = H
OH OH
OH
OH <
Oe:‘ O ‘\\\l : O\H/Y
vy O
ho' Y~ Yo7 Y “ow
OH OH

2R'=Me,R?=H
3R'=H,R?2=H
4R"=H, R? = (2-CH=CHPh

Figure 2. Modified mannopeptimycins investigated as potential substrates for jack bean o-mannosidase.
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2. Results and discussion

As might be expected, derivatives of the manno-
peptimycins, which retain an unfunctionalized O-
mannosyldisaccharide were also found to be substrates
for jack bean a-mannosidase (Fig. 2). Thus the dideoxy
1,7 cyclohexyl-substituted 2 and 3!%23-2* and N-alkyl-
ated 4 derivatives were all converted cleanly to the cor-
responding mannopeptimycin-f§ analogue. Compound 4
was a by-product in the synthesis of an acetal 5 at the
4,6-position'? and this methodology allowed us to easily
differentiate between the two. In fact none of the acetals
formed at this terminal sugar were substrates for the en-
zyme—in common with the naturally occurring esters
above. In contrast, the internal acetonide 6 (prepared
by partial degradation of the pentaacetonide) was a sub-
strate for the enzyme, with removal of only the terminal
mannose unit.

The jack bean a-mannosidase mediated conversion of
mannopeptimycin-a to -B was optimized for a prepara-
tive scale. The process was found to be most efficient
at pH 5 while the addition of zinc chloride to a concen-
tration of 0.02M prolonged the lifetime of the enzyme.
The addition of cosolvents, such as dimethyl formamide,
acetonitrile and dioxane, had no beneficial effect, while
the reaction ran optimally at a 0.002M substrate con-
centration.>> While this process compared favorably
with the acid-catalyzed hydrolysis in terms of selectivity
of reaction the catalyst cost was an issue. Fortunately,
we found that the crude jack bean meal could be substi-
tuted for the isolated enzyme to give mannopeptimycin-
B in an identical yield but with a greater than 1000-fold
saving in catalyst cost (Fig. 3).2°

jack bean o-mannosidase
or jack bean meal

Mannopeptimycin-

Mannopeptimycin-o.
pH 5, 0.02 M ZnCl,

almond o-mannosidase
or buffer soluble fraction of
almond meal, pH 5

+ Mannopeptimycin-p

Figure 3. Preparative reactions of mannopeptimycin-o.

Our remaining goal was to prepare the intermediate O-
monosaccharide 7. Such ‘interrupted’ hydrolyses of
poly-a-mannopyranosides have been reported with
polymannosyl N-acetylglucosamines.?’” While little of 7
was accumulated during the acid or jack bean o-man-
nosidase catalyzed hydrolyses, significant amounts were
observed in the almond a-mannosidase catalyzed proc-
ess and could be isolated with reasonable efficiency if
the reaction was terminated at ca. 20% conversion of
the starting material. Again the isolated enzyme could
be replaced with a relatively crude preparation as we
found the buffer soluble fraction of the almond meal
to be a satisfactory catalyst (in common with a recent
report®®) allowing us to isolate 7 in a scaleable fashion.?

3. Conclusion

In conclusion we have shown that both mannopeptimy-
cin-B and the intermediate mono-O-mannosyl species 7
can be prepared by hydrolysis of mannopeptimycin-o
under mild conditions using an appropriate source of
o-mannosidase. The use of these products in the synthe-
sis of novel mannopeptimycin derivatives will be re-
ported elsewhere.
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