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Abstract—The O-B-D-ribofuranosyl nucleoside I is the minimal structural entity of liposidomycins maintaining enzyme inhibitory
activity. Modifications performed on both the primary amine and the uracil moieties clearly demonstrate their major contribution
to the inhibition of the bacterial translocase (MraY). © 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Translocase (MraY)! is involved in the biosynthesis of
peptidoglycan, and has lately been shown to be essential
for the survival of bacteria.>? Consequently, it is a target
of choice for the discovery of new antibacterial agents in
view of bringing a solution to today’s antibiotic resistance.?
In a recent publication,* we have identified I and II (Fig.
1) as inhibitors of this enzyme. Compound I corresponds
to the minimal active part of the liposidomycin (LPM)
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Figure 1.

structure,® as predicted by SAR studies that compared
this family of naturally occurring inhibitors of MraY
and tunicamycins (TCMs).° Introduction of a specific
chiral centre (II) further improved the activity.

In parallel to this study, we have undertaken a program
for understanding the role played by the substituents
present in I. In this paper, we wish to report our work to
establish the importance of the primary amine, as well as
the uracil moiety of I upon the inhibition of MraY.
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Scheme 2. (a) HCO,H, (Im),CO, CH,Cl,, rt, 2h, 62%, (b) Ac,O, pyridine, rt 1 h, 98%, (c) H,NCH=NH.HCI, MeOH, 18h, rt, 56%, (d) | H-pyr-
azol-1-carboxamidine, hydrochloride, MeOH, 18 h, rt, 74%, (e) ‘amine’, H,O, 4-18h, 70 °C, (f) TFA/H,0 (7:3), 30 min, rt.

Chemistry and Biology

For a rapid insight into the importance of the amino
group, we first synthesised III from 1% by cleavage of
both acetonide-protecting groups with 70% aqueous
trifluoroacetic acid. Compound III, with a hydroxyl
group in the 5” position instead of a primary amine, is
inactive in the translocase inhibitory assay* (Scheme 1).

For further SAR studies a set of differently substituted
analogues of I in the 5” position has been prepared by
using available intermediates 2 and 7% (Scheme 2). For-
mylation of 2 with formic acid and N,N’-carbonyldi-
imidazole led to 3. Acetylation of 2 by acetic anhydride
and pyridine provided 4. The amidine 5 was prepared
by condensation of 2 with formamidine hydrochloride.
The guanidine analogue 6 was obtained by reaction of
1 H-pyrazol-1-carboxamidine with 2. Compounds 8-14
were prepared in parallel, using the same starting mate-
rial 7.% Intermediate 7 was added to different amine
solutions contained in capped pressure resistant vials.
The reaction mixtures were heated for 4-18 h (depend-
ing on the amine reactivity), at 70 °C. After evaporation
of the solvents, the resulting crude compounds were
purified through silica gel cartridges. Compounds 8-14
were recovered with yields varying from 36 to 80%.

Finally, compounds 3-6 and 8-14 were deprotected
using 70% aqueous trifluoroacetic acid giving rise to the
expected products (IV-XIV) in almost quantitative
yields.

The inhibitory activity (ICsg) of these compounds on
translocase is summarised in Table 1.

Table 1.
Y Inhibitory activity on translocase
. oy ICso (LM)

yA(J HO  OH

HO OH
I (reference) H,N—- 50
I HO-— >1000
v HCONH- >1000
v CH;CONH—- >1000
VI HC(NH)NH- 30
Vil H,NC(NH)NH— 25
Vi MeNH—- 45
IX EtNH—- 150
X nPrNH— 140
XI iPrNH— 180
X1I CH;(CH,)sNH— 130
XIII Me,N— >1000
X1V Me;N* — >1000
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Scheme 3. (a) Pd/C, MeOH, 30 min, rt; (b) NaH, CH;I, DMF, 4h, rt; (c) PPhs, H,O, THF; (d) TFA/H,O (7:3), 30 min, rt.

Analysis of the results suggests that a basic function is
required in the 5” position to get a good inhibitory
activity. However, among basic groups, only secondary
amines, amidine, and guanidine are tolerated (VI-XII).
Tertiary and quaternary amines (XIII and XIV) as well
as acylated derivatives (IV and V) are inactive. In the
secondary amine series (VIII-XII), the length of the side
chain has no (VIII) or a moderate effect (IX—XII) on the
inhibitory potency. These latter derivatives being three
to four times less active than 1.

Other experiments were carried out on the uracil moiety
in order to define further the pharmacophore (Scheme 3).
Palladium catalysed reduction of the uracil double bond
of I gave XV. Methylation of the imide group of 15*
with methyl iodide using NaH in DMF led to 16. Sub-
sequent reduction with PPh; and H,O gave the corre-
sponding amine, which was immediately converted to
XVI by cleavage of both acetonide groups with 70%
aqueous trifluoroacetic acid.

Compounds XV and XVI were tested on the translocase
assay. No activity was detected at >1000 (uM).

Throughout this study, we have demonstrated that both
the amino group and an intact uracil moiety are critical
for the inhibition of the bacterial translocase and must
be considered as a part of the pharmacophore of this
family of inhibitors. The primary amine, however, can
be replaced by isosteres (i.e., secondary amines or ami-
dine or guanidine).
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