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Abstract

In order to probe the effect of C-2(S)-substituted groups in the antibacterial activity, a series of novel C-2(S)-substituted
pleuromutilin analogues of SB-225586 were synthesized and evaluated for their in vitro antibacterial activity. The results of
antibacterial activities indicated that C-2(S)-substituted pleuromutilin derivatives retained appreciable antibacterial activity, and the
2-fluorination compounds 6a and 6b are more potent than the corresponding 2-hydroxylation analogues 7a and 7b.
© 2010 Yu She Yang. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Pleuromutilin (Fig. 1) was first isolated in 1951 from basidiomycetes Pleurotus and P. passeckerianus and display
modest activity against Gram-positive organisms in vitro [1,2]. Further studies have shown that this class of antibiotics
interfere with bacterial protein synthesis via a specific interaction with the 23S rRNA of the 50S bacterial ribosome
subunit [3]. These compounds offer a distinct profile and show no cross-resistance with any other class of antibiotics.
Tiamulin and valnemulin as semisynthetic derivatives are currently employed as veterinary medicine to treat serious
infections in swine and poultry [4,5]. GlaxoSmithKline’s novel pleuromutilin analogue retapamulin [6], with excellent
activity in vitro, was first approved for human use as a topical antimicrobial agent to treat skin infections in 2007.

Although semisynthetic pleuromutilin analogues generally exhibit potent antibacterial activity, they displayed poor
oral absorption and a short half-life due to rapid metabolism and subsequent excretion. Further studies have shown that
hepatic metabolism mediated by cytochrome P450 represents the major obstacle to developing a semisynthetic
pleuromutilin for oral treatment of bacterial infections in the community [7]. Our previous research [8] has revealed
that a water-soluble phosphate prodrug of pleuromutilin analogue SB-225586 exhibited potent protective effects
against MSSA and MRSA strains in vivo, but a short half-life was also found (less than 1 h). However, reports have
also shown that metabolic stability can be increased by involvement of fluorination or hydroxylation at C-2 [9]. In
order to probe the effect of C-2(S)-substituted groups in the antibacterial activity, pleuromutilin analogues SB-225586
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Pleuromutilin : R = OH Me SB-225586
N

Retapamulin : R = /S\%/

Fig. 1. Structures of pleuromutilin derivatives.

were selected as C-2 unsubstituted parent. In this letter, we report the synthesis and antibacterial activity of C-2(S)-
substituted derivatives of SB-225586.

Compounds 6a and 6b were prepared as shown in Scheme 1. The 2-hydroxymethylene-11-formate 1 was
synthesized form commercially available pleuromutlilin in two steps according to reported method [10]. A solution of
1 in dichloromethane was treated with tosylazide to generate a-diazo carbonyl intermediate 2 [10]. C-2(S) fluoro-
substituted compound 4 was obtained by the reaction of 2 with hydrogen fluoride-pyridine in moderate yield [10]. The
nucleophilic substitution was taken place from less hinder side and the main side product of this step was the enones 3
in 20-30% yield. Intermediate 5 was prepared in satisfying yield by treatment 4-acetoxybenzoyl chloride, silver
cyanate with compound 4 in dichloromethane [11]. Then S was treated with 0.5 N potassium hydroxide in ethanol
solution at ambient temperature to give the deprotected compound 6a [12]. The reduced compounds 6b was obtained
by hydrogenation of the double bond in high yield (95.1%) without further purification.

Compounds 7a and 7b were prepared as shown in Scheme 2. A solution of 2 in dichloromethane was treated
dropwise with dichloracetic acid. The mixture was stirred continued until the solution was colourless, compound 8 was
obtained by silica gel chromatography [13], and the enones 3 was also observed as the main side product. Thus, 8
reacted with 4-acetoxybenzoyl chloride and silver cyanate successfully to produce compound 9, which was subjected
to deprotection and smoothly to afford the target compound 7a. The reduced compounds 7b was obtained by
hydrogenation as compound 6b [12].

The in vitro antibacterial activity of the compounds against a spectrum of resistant and susceptible Gram-positive
bacteria was tested with SB-225586 and Linezolid as positive controls. Minimum inhibitory concentration (MIC)
values were determined using agar dilution method according to NCCLS. The result is summarized in Table 1. It
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Scheme 1. Regents and conditions: (a) TEA, TsN;, CH,Cl,, —10 °C to r.t., 44.1%; (b) HF-Py, ether, —0 °C to r.t., 46.9%; (c) 4-acetoxybenzoyl
chloride, CH,Cl,, AgOCN, 50 °C to r.t., 85.8%; (d) KOH, EtOH, r.t., 1 h, 88.3%; (e) H,, 10% Pd-C, THF, 95.1%.
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Scheme 2. Regents and conditions: (a) CIL,CHCOOH, CH,Cl,, 0 °C to r.t., 58.1%; (b) 4-acetoxybenzoyl chloride, CH,Cl,, AgOCN, 50 °C to r.t.,
72.9%; (c) KOH, EtOH, r.t., 1 h, 70.2%; (d) H,, 10% Pd-C, THF, r.t., 96.0%.

Table 1
In vitro antibacterial activity of synthetic compounds.
Compounds MIC(pg/mL)
MSSA* n=5 MRSA® n=6 MSSE® n=5 MRSE‘ n=35 Spfn=3
SB-225586 0.125 0.125 0.0625 0.125 0.25
6a 0.0625 0.0625 0.125 0.125 0.125
6b 0.0625 0.0625 0.0625 0.0625 0.125
7a 1 1 1 1 0.5
7b 0.5 0.5 0.5 0.5 0.25
Linezolid 0.5 1 0.5 1 1

? MSSA = Methicillin-susceptible Staphylococcus aureus.

® MRSA = Methicillin-resistant Staphylococcus aureus.

¢ MSSE = Methicillin-susceptible Staphylococcus epidermidis.
9 MRSE = Methicillin-resistant Staphylococcus epidermidis.

¢ S.p. = Streptococcus pneumoniae.

clearly showed that all of the compounds displayed excellent antibacterial activities and most of the compounds had
more potent activities compared with Linezolid. C-2(S) fluorination compounds 6a and 6b are were twofold more
potent than 2-unsubstitued SB-225586, however, C-2(S) hydroxylation compounds 7a and 7b were less potent than
references. Moreover, the double bond reduction compounds 6b and 7b are more potent than the corresponding vinyl
analogues 6a and 7b.

In conclusion, a series of C-2(S)-substituted derivatives of pleuromutilin analogues SB-225586 were synthesized
and evaluated. The results of antibacterial activities indicated that C-2(S)-substituted pleuromutilin derivatives
retained appreciable antibacterial activity, especially the C-2(S)-fluoro derivatives 6a and 6b which antimicrobial
activity has been obviously improved.
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