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Abstract: The synthesis of covalent dimers of vancomycin which are linked from C- to N-terminus

(head-to-tail linkage) is described. Such dimers have the potential to exploit additional cooperative

interactions when binding to bacterial cell-wall precursors at a surface. © 1998 Elscvier Science Ltd. All rights reserved.
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Vancomycin (1) and teicoplanin are currently the drugs of choice against antibiotic-resistant bacteria

such as methicillin-resistant Staphylococcus aureus (MRSA).12 They belong to the glycopeptide family of
antibiotics which act by binding to bacterial cell-wall precursors terminating in —Lys-D-Ala-D-Ala, thereby
inhibiiing crosslinking of the cell wall, leading to cell death.34
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Figure 1. The structure of vancomycin (1). Protons referred to in the text are labelled.

Recent studies have reported that back-to-back dimerisation of these antibiotics (except teicoplanin) is
important in their antibacterial activity.> When an antibiotic binds to a cell-wall precursor on the surface of a
bacterium as a dimer, subsequent binding of a second precursor to the second half of the dimer is effectively
intramolecular, and is thus entropically favoured.® NMR solution studies have also revealed an enhancement
to dimerisation constants in the presence of bound ligand (bacterial cell-wall precursor analogues), ie.,
dimerisation and ligand binding are cooperative (Figure 2).6

In the light of recent reports of vancomycin-resistant bacteria,’-8 there is a strong incentive for the
development of more potent antibiotics. Recently, it has been demonstrated that V lkylation of glycopeptide
amino sugar residues can increase antibacterial poten
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Figure 2. (a) Hydrogen bonding network in a vancomycin dimer complex with the cell-wall precursor analogue
N-acetyl-D-Ala-D-Ala. The backbone of the antibiotic is shown in bold. Solid arrows represent hydrogen bonds
between the two halves of the dimer, whereas dashed lines represent hydrogen bonds between cell-wall peptide
analogue and antibiotic. (b) Schematic representation of (a); white boxes represent antibiotics and grey boxes

represent ligands.

These covalent dimers exhibited up to a sixty-fold improvement over 'ancomym in their antibacterial
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activity against vancomycin-resistant enterococci (vn ), but were stiil 1ﬁsuf1
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operative interactions to enhance
riatelv linked head-to-tail covalent d mers (HT-(‘m/ d1 mers) may form dimers of HT-cov-
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lexes as shown in Figure 3a. Contrastingly, HH-cov-dimers are unable to form such dimers, but
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may form non-covalent dxmerb where only two of the four vancomycin moieties interact (Figure 3b). It is
also possible that both kinds of cov-dimers form polymeric species.
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Figure 3. Schematic representation of dimers of cov-dimers bound to ligand. (a) Shows a dimer of HT-cov-
dimers which can form double the number of hydrogen bonds relative to a normal glycopeptide dimer (compare
with Fig. 2b). (b) Shows a dimer of HH-cov-dimers where only a partial interaction is possible.

CPK models of two vancomycin molecules linked via B-alanine and 6-aminohexanoic acid showed that these
linkers might allow formation of dimers of HT-cov-dimers. The synthesis of HT-cov-dimers of vancomycin
is outlined in Scheme 1.13 The first step involves the coupling of the Fmoc-protected linker to the secondary
amino group of the N-terminus of the antibiotic. Although vancomycin also bears a primary amino group at
the vancosamine sugar, previous studies showed that the site of acylation depends on the reaction

conditions.'*16 HPLC analysis of test reactions using linkers 2 and 3, and two different solvents and coupling
reagem% confirmed the different reactivity towards the linkers (Table 1). The three possible products were
analysed by reversed-phase (RP) HPLC, electrospray ionisation high resolution mass spectrometry (ESI
HRMS) and 'H NMR (500 MHz). As reported previously for other acylated glycopeptide antibiotics,'* we

ound that the retention times of acylated vancomycins on a RP HPLC column were: acylated at

vancosamine < acylated ¢ tN-termmus < diacylated.
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Table 1. Ratios of Products after Reversed-phase HPLC Analysis of Coupling Reactions of Vancomycin (1)
with Linkers 2 and 3.

Linker Coupling  Solvent  Recovered Substitution at Disubst
reagent 1 N-term.  sugar
2 PyBROP DMF 15 135 40 30
2 PyBroP DMF 20 60 <1 20
3 PyBOP DMF 10 15 45 30
3 PyBroP DMF less than 5 % product formation
3 PyBOP DMSO 20 30 <5 50
3 PyBroP DMSO less than 5 % product formation

The two monoacylated compounds could be differentiated in ESI MS by increasing the declustering potential
in order to induce in-source fragmentation, leading to loss of the vancosamine moiety (modified or
unmodified). Following the loss of this sugar, the molecular weight of the remainder of the molecule depends
on the presence of a substituent at the N-terminus. 'H NMR spectra reveal characteristic changes of the
chemical shifts of selected protons of vancomycin on acetylation of the vancosamine or of the N-terminus.1>
Consistent with these results, acylation of the N-terminus led to an upfield shift of proton 1b and a downfield
shift of protons X, X3 and those of the N-methyl group, whereas modification of the vancosamine resuited in
a downfield shift of V,; and V, (see Figure i, Table 2).

{500 MHz, DMSOQO-4;, 300 K)
i 4a 4b 4c 5a 5b 8 g
Proton int, ext. int. ext
X1 392 5.26 3.96 5.26 528 3.96 5.26 398 529 3.98
ib .70 1.44 1.66 1.44 1.43 1.66 1.47 1.67 1.44 1.67
N-Me | 2.62 2.87 2.66 2.86 2.87 2.66 2.93 2.65 2.87 2.65
X3 4.30 4.49 4.25 4.49 4.51 4.26 4.45 4.22 4.48 422
Vaa 1.75 1.74 1.94 1.98 177 2.03 1.73 1.74
V7 1.35 1.31 1.44 1.43 1.32 1.44 ~1.30 ~1.30




The coupling of the Fmoc-protected linker 2 to vancomycin (1) afforded 4a in 35 % yield and 58 %
recovered 1.17 Similarly, Sa was obtained in 33 % yield and 24 % 1 was recovered. Removal of the Fmoc-
amino goups with 10 % piperidine in DMF quantitatively afforded 6 and 7, respectively. In the subsequent
couplings, 6 and 7 were added to two equivalents of vancomycin. An excess of vancomycin was used in
order to minimise self-coupling of the acylated compound bearing a relatively unhindered primary amino
group at the linker moiety. Thus, the HT-cov-dimers 8 and 9 were obtained in 58 % and 36 % yield,

rebpccuvely 18
Compounds 8 and 9 were chdrdcter ised by ESI HRMS an
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H NMR spectroscopy The latter clearly showcd

the vancosamine monety, n this study we ¢ oncentratcd on the head-to-tai
form the dimer of dimers shown in Figure 3a.

Further investigations concerning the dimerisation of the novel HT-cov-dimers and their biological activity
against vancomycin-susceptible and resistant bacteria are currently being carried out.
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