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Abstract—A series of methyl ether derivatives of the vancomycin, teicoplanin, and ristocetin aglycon methyl esters was synthesized
and their antimicrobial activity was established. These derivatives exhibit increased activity against VanB resistant strains of bac-

teria equipotent with that observed with sensitive bacteria.
© 2003 Elsevier Ltd. All rights reserved.

Vancomycin is the leading member of the clinically
important glycopeptide antibiotics enlisted to treat
resistant bacterial infections and for patients allergic to
B-lactam antibiotics.' Although vancomycin is
immensely useful, the emergence of vancomycin clinical
resistance has underscored the importance of develop-
ing new drugs with improved antibacterial activity.* The
most common forms of resistance are found in enter-
ococci where the peptidoglycan precursor is induced to
shift from a D-Ala-D-Ala to D-Ala-D-Lac peptide termi-
nus to which vancomycin binds 1000-fold less effec-
tively.> Strains resistant to both vancomycin and
teicoplanin (VanA) or sensitive to teicoplanin, but
resistant to vancomycin (VanB) have been identified
that bear this same basis of resistance.’ Although the
origin of this selective VanB sensitivity to teicoplanin is
not presently well understood, it does serve as the basis
for the VanA/VanB classification.

In the course of several studies addressing the synthesis
of glycopeptide antibiotics that act by inhibiting bac-
terial cell wall biosynthesis, we have developed method-
ology to access a variety of semisynthetic derivatives.®’
In a previous study in which analogues of vancomycin
possessing modifications to the residue 3 asparagine
were evaluated, we observed that analogues bearing a
C-terminus methyl ester and with the phenols protected
as methyl ethers showed promising activity.® These

*Corresponding author. Tel.: +1-858-784-7522; fax: + 1-858-784-
7550; e-mail: boger@scripps.edu

0960-894X/03/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/S0960-894X(03)00513-4

hydrophobic derivatives of vancomycin showed
improved activity against inducible VanB suggesting
that they possess properties analogous to teicoplanin
which have been attributed to the lipid sidechain.’
Herein, we disclose the synthesis and evaluation of a
similar series of analogues of teicoplanin and ristocetin
in which the phenols have been transformed to the
corresponding methyl ethers.

Preparation of vancomycin aglycon (2) was accom-
plished by HF mediated cleavage of the disaccharide.!?
Synthesis of derivatives 3 and 4 (Fig. 1 and Table 1) was
carried out according to our previously disclosed
sequence.!! The aglycon was converted to 3 by protec-
tion of the amine terminus as the N-Boc carbamate fol-
lowed by O-methylation of the phenolic hydroxyls and
carboxylic acid with TMSCHN,. Removal of the N-Boc
with 4N HCI in dioxane generated 3. Compound 4 was
synthesized from N-Boc protected vancomycin aglycon
by selective dehydration of the residue 3 carboxamide to
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Figure 1. Analogues of vancomycin and vancomycin aglycon.
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Table 1. Vancomycin analogues

Compd R! R? R3 R*
1 Sugar H H CONH,
2 H H H CONH,
3 Me Me Me CONH,
4 Me Me Me CN

give the corresponding nitrile.®!! The intermediate

nitrile was then subjected to methylation with
TMSCHN, followed by cleavage of the N-Boc with 4 N
HCI to provide 4.

Teicoplanin (5) is 2-8 times more potent,'? possesses a
lower toxicity,!? exhibits a longer half-life,!* and is
easier to administer and monitor than vancomycin.'?
Teicoplanin (5), but not the teicoplanin aglycon (6),
shows activity against inducible VanB but not against
VanA. It has been suggested that the aliphatic sidechain
present on the sugars of teicoplanin may serve as a
membrane anchor and help to localize the antibiotic at
the bacterial cell surface.” This membrane localization
may account for the improved activity of teicoplanin
and has been suggested to be responsible for the VanB
activity.”'® Various explanations have been advanced to
account for these observations. In addition to increased
effectiveness of D-Ala-D-Lac binding due to the fixed
proximity,® the lipid substitution or membrane locali-
zation could prevent binding to a sensor kinase that
signals VanB induction or alter the cell wall biosynthesis
step inhibited by the antibiotic (i.e., transglycosylase
versus transpeptidase).!® Our observation of VanB
activity with the methyl ether derivatives of the vanco-
mycin aglycon methyl ester suggested that it might be
the hydrophobic character of the antibiotic, not the
unique nature of the lipid sidechain of teicoplanin, that
is responsible for this activity. Thus, we explored the
properties of the methyl ether derivatives of two teico-
planin aglycon esters 7 and 8 (Fig. 2 and Table 2). Tei-
coplanin aglycon (6) was prepared from teicoplanin (5)
by sulfuric acid mediated hydrolysis of the sugars.!”

Mannose

N-acetylglucosamine

Figure 2. Analogues of teicoplanin and teicoplanin aglycon.

Derivative 7 was accessed by protection of 6 as the N-
Boc carbamate with Boc,O followed by esterification
with NaHCO; and methyl iodide. Subsequent O-
methylation of the phenolic hydroxyls with TMSCHN,
followed by N-Boc cleavage by treatment with 4 N HCI
in dioxane generated 7. Analogue 8 was prepared in an
analogous manner by benzyl esterification of the N-Boc
protected aglycon with NaHCO; and benzyl bromide.
O-methylation of the phenolic hydroxyls with
TMSCHN, and N-Boc cleavage upon reaction with 4 N
HCl in dioxane generated 8.

Ristocetin A (9) is a member of the glycopeptide family
of antibiotics related to vancomycin and it was origin-
ally isolated from Nocardia lurida (later reclassified as
Amycolatopsis orientalis).'® Although it was clinically
employed to treat bacterial infections in the late 1950s,
undesirable platelet aggregation led to its discontinua-
tion. However, the aglycon of ristocetin A (10) has been
found to be slightly more active than its parent and,
more importantly, is free of the undesirable side
effects.!® Ristocetin (9) and the ristocetin aglycon (10),
like vancomycin and its aglycon, do not exhibit potent
activity against VanB bacteria. Consequently, it was of
interest to establish whether methyl ether derivatives of
the ristocetin aglycon that possess a C-terminus methyl
ester might exhibit VanB activity (Fig. 3 and Table 3).
Ristocetin aglycon was prepared from ristocetin A (9)

Table 2. Teicoplanin analogues

Compd R! R? R3 R* R>
5 Sugar Sugar Sugar H H
6 H H H H H
7 Me H Me Me Me
8 Me H Me Bn Me

Table 3. Ristocetin analogues

Compd R! R? R? R*
9 Sugar Sugar Sugar H
10 H H H H
11 Me Me H Me
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Figure 3. Analogues of ristocetin and ristocetin aglycon.
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Table 4. Minimal inhibitor concentration (ng/mL)

Compd S. aureus® E. faecalis (VanA)® E. faecalis (VanB)®
1 0.8 > 100 25.0
2 0.8 > 100 25.0
3 1.6 50 1.6
4 1.6 50 1.6
5 0.2 > 100 0.2
6 1.6 > 100 25.0
7 3.2 > 100 32
8 25.0 > 100 3.2
9 1.6 > 100 12.5
10 0.8 > 100 25.0
11 3.2 > 100 3.2

aStaphylococcus aureus (ATCC 25923).
®Enterococcus faecalis (VanA, BM4166).
¢Enterococcus faecalis (VanB, ATCC 51299).

using our recently reported anhydrous HF deglycosi-
dation protocol. Aglycon 10 was converted to 11 by a
three-step sequence using conditions developed during
efforts on a total synthesis of the ristocetin aglycon.
Aglycon 10 was protected as the N-Boc carbamate with
Boc,O and NaHCOj; in aqueous dioxane to provide the
N-Boc aglycon in 85% yield. Methylation of the phe-
nolic hydroxyls using TMSCHN), in benzene/methanol
gave the fully methylated intermediate in 40% yield.
Removal of the N-Boc carbamate by treatment with
HCI in dioxane provided 11 in 84% yield.

Antimicrobial assays were performed according to a
standard procedure®® and the minimum inhibitory con-
centrations of compounds 1-11 against sensitive S. aqur-
eus, and VanA and VanB Enterococcus faecalis are
summarized in Table 4.

In agreement with previous observations, vancomycin
(1) and ristocetin (9) show a> 10-fold drop in activity
against VanB E. faecalis when compared to sensitive S.
aureus, while teicoplanin (5) was equally effective
against both strains. The aglycons of vancomycin (2),
teicoplanin (6), and ristocetin (10) exhibit comparable
activity against sensitive S. aureus but lose activity
against the VanB strain. In sharp contrast, the methyl
ether derivatives of the aglycon methyl esters 3, 4, 7, and
11 were equipotent against both sensitive S. aureus and
VanB E. faecalis. Even more intriguing, the benzyl ester
analogue of teicoplanin aglycon 8 was not active against
S. aureus although it showed good activity against
VanB E. faecalis. The series of new compounds tested
showed no activity against VanA E. faecalis although
the weak activity of 3 and 4 previously observed® was
also observed herein.

Thus, in three different series of glycopeptide anti-
biotics, the conversion to methyl ether derivatives of the
aglycon methyl esters provides derivatives that are
equally effective against sensitive and inducible VanB
bacteria. Also clear from the examinations is that the
introduction of these hydrophobic changes do not impact
VanA resistance. This behavior is analogous to that of
teicoplanin and suggests that the methyl ether/methyl
ester derivatization may confer properties related to the
lipid sidechain of teicoplanin or the hydrophobic sub-

stituents of vancosamine derivatized vancomycin ana-
logues.'® If so, it may not be the unique structure of the
teicoplanin lipid sidechain or its membrane anchoring
properties that convey VanB activity, but rather that
these hydrophobic modifications may affect the mem-
brane localization or cellular compartmental site of
action (intracellular versus extracellular) without alter-
ing the mechanism of action (D-Ala-D-Ala binding).
Notably, the derivatives lack the glycopeptide carbohy-
drates making it unlikely that they are direct transgly-
cosylase inhibitors'®?! although indirect inhibition by
D-Ala-p-Ala binding cannot be excluded. Similarly,
membrane anchoring in its classical sense is not viable
for these derivatives which lack a lipid sidechain.

Complementary to prior examples of hydrophobic sub-
stitution of the sugars, these studies define a new class of
semisynthetic derivatives of the glycopeptide aglycons
that shows promise for the treatment of both sensitive
and inducible VanB bacterial infections. In addition,
this unique class of derivatives provides a valuable new
tool for exploring the mechanism of action of the gly-
copeptide antibiotics and the origin of inducible VanB
resistance.??
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