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Generally, these antibacterial oxazolidinones possess a C-5
aminomethyl functionalized as the amide, urethane, urea, or
thiourea R).4~6 On the basis of the structures of known revers-

Receied June 18, 2007 jble and competitive inhibitors (e.g., toloxatoBebefloxatone

4) of monoamine oxidase A (MAO-AJ;? it is not surprising

Abstract: Oxazolidinones possessing a C-5 carboxamide functionality that linezolid has safety considerations in its label regarding
(reverse amides) represent a new series of compounds that blockMAQO inhibition. In the literature, linezolid is shown to be a
bacterial protein synthesis. These reverse amides also exhibited lessyeak reversible inhibitor of MAO. In the literature, other side
potency against monoamine oxidase (MAO) enzymes and thus possesghains such as-CH,-heterocycle %) are reported to address
Bt 1 Sy o e iy ot (1 MA nibiion issuss Horei i report  nove C- s
to linezolid in a 14-day safety study in rats, potent in vivo efficacy in fham for th_es? Oxa_lzc’“d'n_ones’ namer,CQNHg [termed_
murine systemic infection models, and excellent pharmacokinetic €Verse amide” to differentiate from the orginal methylamide
properties. (—CH,NHCOR) functionality]. Analogues bearing a C-5 reverse
amide are of lower molecular weight and easily accessible via
total synthesis. This structural modification affords analogues
with the reduction in MAO inhibition and a reduction in
myelotoxicity, which can be a significant side effect with
linezolid when used over the long terrm 21 days)t!

As shown in Scheme 1, the reverse amides described herein
were synthesized from the corresponding anilir@sof car-
bamates?) by treating withn-butyl (R)-glycidate in the presence
of a Lewis acid or potassiunR}-glycidate!? The intermediates
8 and9 thus obtained were further manipulated to afford the
final products10. The carbamate used to prepaté was
described in the synthesis &f® Compoundl3 was prepared
The continual emergence of multidrug-resistant Gram-positive by coupling the 5)-3-[4-trimethyistannyl-3-fluorophenyl}-2-
bacterial pathogens including methicillin-resisteBtaphylo- oxo-5-oxazolidinonecarboxamide with 3,6-dihyri-pyran-a-

yltrifluoromethanesulfonic acid ester in the presence of palla-

coccus aureufMRSA?), Staphylococcus epidermidi§IRSE), 415 . -
and vancomycin-resistant enterococci (VRE) creates a need forS!suerE’to Ig"gmd\,fgsrgdﬁfﬁgﬁg dt?fsgget;foté?vn; zrr]\?fZ?k:?oen
novel antimicrobial agents? Linezolid 1, the first member of as detaiﬁ)edp reviousl’;ﬁ)fA similar procedure was gdo ted to
a new class of synthetic antibacterials (oxazolidinone family) svnthesize tEe aniline. recUrsor th)) difluoro analogﬁep
approved by the FDA, possesses Gram-positive activity, includ- y . P .
ing activity versus the above-mentioned resistant striirtss These oxazolidinone analogues were tested against a panel
drug was proven to be effective in treating skin and soft tissue ©f Gram-positive and fastidious Gram-negative bacteria. Mini-
infections caused bys. aureusor S. pyogenesnosocomial ~ Mum inhibitory concentration (MICug/mL) values were
determined by microbroth technologfySelected analogues were
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a Abbreviations: MAO, monoamine oxidase; MRSA, methicillin-resistant (LPRSP), and vancomycin resistdfterococcus faecaliand
Staphylococcus aureu$MRSE, methicillin-resistanBtaphylococcus epi- - : -
dermidis VRE, vancomycin-resistant enterococci; FDA, Food and Drug Enterococcus faeg:lu'r(rVRE.F) _Strams for,th,e determmatlor,‘ of
Administration; MIC, minimum inhibitory concentration; LORSA, levof-  MICgo. TheEscherichia colin vitro transcription and translation
loxacin and oxacillin resistartaphylococcus aurepsPRSP, levofloxacin assay (TnT), providing an assessment of protein synthesis

and pencillin resistanStreptococcus pneumonia¥REF, vancomycin —jnhibition in a cell-free format, was performed in 96-well
resistantEnterococcus faecalisTnT, transcription and translation assay; ’

PEG, polyethylene glycol; PK, pharmacokinetic; CYP, cytochrome P; .mic_rc_)t.iter plates using a |UCiferase reporter systéi.MAO
NOAEL, no adverse effect level. inhibition was measured using recombinant enzymes and a

Figure 1. Structures.
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Oxazolidinones, as exemplified b)¢N-((3-fluoro-4-mor-
pholinophenyl)-2-oxaoxazolidin-5-yl)methyl)acetamide (linezo-
lid, 1), are a novel, completely synthetic class of antibacterial
agents that possess potent activity against Gram-positive
bacteria. Herein is reported a series of oxazolidinones bearing
a novel C-5 side chain (reverse amide) replacement for the
typical substituted aminomethyl side chain that provides a safety
advantage over earlier oxazolidinones. Structaetivity studies
in this novel series eventually led to the discoveryldf(PF-
00422602), which possesses good antibacterial efficacy in
animal models and good pharmacokinetic properties in multiple
species.
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aReagents and conditions: (i}butyllithium, —78 °C, potassium R)-glycidate; (ii) oxalylchloride, room temp; (iii) ammonia;-@5 °C; (iv) n-butyl
(R)-glycidate, lithium triflate, 60°C; (v) 1,1-carbonyldimidazole, room temp; (vi) ammonia, room temp.

Table 1. Enzymatic Activity (IGg), Minimum Inhibitory Concentrations (MICyg/mL), and Human Monoamine Oxidase Activity §4f of
Oxazolidinones (MIC Values in Bold Are Mig Values for the Denoted Organism

Compound E. coli TnT S. aureus® S. pnuemoniae® E. faecalis®  E. faecium? Human
IC5 (uM) MIC (ug/mL) MIC (ug/mL) MIC (ug/mL) MIC (ug/mL) gA(O-f?
i(um
1 linezolid 3.6 4 1 2 4 53
o™ F
NN o
11 Nig_ 23 4 4 32 32 146
NH
9 2
o™ F
N o
12 Q 17 4 4 8 8 63
F N;o&
NH,
o~y F ©
2
13 N ‘—§ 6.1 4 2 4 8 58
NH
o 2
'O»St F
14 o 34 2 2 4 4 546
N§§
. NH,
O.g+ E o}
15 Q 36 2 2 2 2 355
F N\_i
Q NH.
oSy F d 7
bt
16 o 5.89 2 2 2 4 105
Q
o$™Y F ‘—c}_NHZ
2
v F N\_§ 6.28 4 4 4 8 293
R NH,

a Staphylococcus aureu$C-76 SA-1.P Streptococcus pneumoni&/1 SP-3.¢ Enterococcus faecalisiIGH-2 EF-1.9 Enterococcus faecium.

chromogenic substrate as described in the liter&furEhe aureus S. pneumonigeE. faecalis andE. faecium(VREF) as
activities of the oxazolidinone analogues are summarized in described above, and results are shown in bold in Table 1. More
Table 1, and the values for linezolid are included for comparison. interestingly, reverse amide analogug$ #€nd14—17) showed
Reverse amide&3—17 demonstrated significant inhibition  reduced human MAO-A inhibition compared to linezolid. This
of TnT activity and had potent Gram-positive antibacterial suggests that these compounds have much less potential than
activities. However,11 and 12 are less active compared to linezolid to alter neurotransmitter homeostasis and/or cause
linezolid (Table 1). In general, the activities of the reverse adverse drug interactions with compounds whose clearance is
amides were somewhat similar to or slightly less than those of MAO-mediated (e.g., sympathomimetic amines). Time Kill
the corresponding C-5 acetamide analogues. Among the reverseinetics indicate that oxazolidinoret is bacteriostatic versus
amide analogues, oxazolidinones possessing difluorophenyl orstaphylococci and enterococci at 48 h following continuous drug
monofluorophenyl groups showed better antibacterial activities exposure at (216)x the MIC. In contrast, continuous exposure
than their des-fluoro congenefsAgainst the fastidious Gram-  of 14 at (2-16)x the MIC results in eradication oS.
negative strainsHaemophilus influenzaeand Moraxella pneumoniaeat 48 h. These results are similar to those of
catarrhalis these reverse amide¥l—17) showed MIC values linezolid. Selected carboxamide analogues were tested for in
of >8 ug/mL. Reverse amidek2 and14—16 were also tested  vivo efficacy in mouse systemi§. aureusand S. pyogenes
for their MICyo values; the strains include drug-resist&t infection models via oral dosing. These analogues showed
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Table 2. Antibacterial Efficacies (PR) of Selected Reverse Amides in
a Mouse Systemic Infection Model

MIC PDso
compd strain (ug/mL) (mg/kgp
1 S. aureugUC-76) 4 3.:-8.0
1 S. aureugSA-1417, MRSA) 4 6.25
1 S. pyogenefC-203) 4 5
11 S. aureugUC-76) 4 8.22
12 S. aureugUC-76) 4 6.7
14 S. aureugUC-76) 2 1.25
14 S. aureugSA-1417, MRSA) 4 1.7
14 S. pyogenefC-203) 4 <5
15 S. aureugUC-76) 2 1.1
16 S. aureugUC-76) 2 2.1
17 S. aureugUC-76) 4 15

aFemale CD-1 mice were challenged with 180LDsg of bacterial
inoculum by intraperitoneal injection, and therapy was initiated immediately
by administering the drug by gavage at Ihcreasing doses. Mortality of
mice was monitored after 7 days of the infecti®i®Dso is the dose at which
there is 50% mortality.

Table 3. PK Properties of Selected Oxazolidinones in Sprague-Dawley
Male Rat8

parameter 14 15 16
Cmax (ug/mL), po 15.9 4.69 1.88
AUC (ug-h/mL), po 109 15.40 8.62
CL ((mL/min)/kg), iv 15.6 12.8 12.9
Vass (L/Kg), iv 6.2 0.83 1.11
ty2 (), po 5.8 2.24 1.58
F (%) 83 65 40

aFor po: dose of 20 mg/kg, formulation of 5% PEG 2000/95% methyl
cellulose (0.5%). For iv, dose of 10 mg/kg, formulation of 5% DMA/95%
50 mM Tris base.

Table 4. PK Properties of Compount¥4 in Mouse and Dogds

parameter mouse dog
Crmax (ug/mL), po 12.3 17.9
AUC (ug*hr/mL), po 48.3 76.2
CL ((mL/min)/kg), iv 25.2 5.7
Vass(L/Kg), iv 3.3 0.7
ti2 (h), po 1.5 6.2
F (%) 64

aFor mouse: po dose of 20 mg/kg, iv dose of 10 mg/kg. For dog: po
dose of 40 mg/kg, formulation of 5% PEG 2000/95% methyl cellulose
(0.5%); iv dose of 4 mg/kg, formulation of 5% DMA/95% 50 mM Tris
base.

efficacies comparable to linezolid (Table 2), demonstrating their
potential as antibacterial agents.

Selected oxazolidinoned4—16) were evaluated for their
pharmacokinetic (PK) properties by dosing Sprague-Dawley rats
via intravenous and oral administration. The results are shown
in Table 3. Sincel4 showed better PK properties compared to
15and16, it was evaluated further in mouse and dog, and the
results are shown in Table 4. Oxazolidinoh4 showed low
plasma clearance and good oral bioavailability in rats and dogs.
Pooled human liver microsomes were incubated with CYP

isozymes, selective markers of metabolism, in the presence of

varying concentrations of the drug to determine the potential
of the drug to inhibit their metabolic activif?. Compoundl4
also had low potential for drugdrug interactions, as this
compound showed very little inhibition (k&> 900uM) against
CYP 3A4, CYP 2C9, CYP 2C19, CYP 1A2, and CYP 2D6.
Because of the excellent profile of oxazolidinoh4, this
compound was evaluated in an exploratory toxicity study in
rats to evaluate myelotoxic potential. Toxicology studies of
linezolid were previously performed in rats and myelotoxicity
was produced, providing an animal model of this clinically
relevant toxicity. Female Sprague-Dawley rats (5/group) re-
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ceived vehicle o4 orally (gavage) at 200, 600, or 900 (mg/
kg)/day for 14 days. All animals at 900 (mg/kg)/day were
euthanized early in moribund condition. The 600 (mg/kg)/day
dose produced toxicity and hematology and bone marrow
changes, and 200 (mg/kg)/day was the no-adverse effect level
(NOAEL). Hematology changes at 600 (mg/kg)/day included
8% increases in red blood cells, hemoglobin, and hematocrit
(likely hemoconcentration) and decreases in reticulocytes (62%).
The bone marrow myeloid/erythroid/(E) ratio was increased
4.5-fold at 600 (mg/kg)/day. Compourid} plasma AUC(6-

24) values were 223 and 61&-h/mL at 200 (NOAEL) and

600 (mg/kg)/day, respectively. These results were compared to
a 14-day oral toxicology study of linezolid in rats. Female rats
were dosed by gavage with linezolid at 40, 200, or 1000 (mg/
kg)/day. Lethality occurred at 1000 (mg/kg)/day, and 40 (mg/
kg)/day was the NOAEL. Hematology and bone marrow
changes at 200 (mg/kg)/day included decreases—df29% in

red blood cells, hemoglobin, and hematocrit, a 97% decrease
in reticulocytes, and a 8.4-fold increaseNhE ratio. Linezolid
AUC(0—24) values were 105 and 6@6-h/mL at 40 (NOAEL)

and 200 (mg/kg)/day, respectively. On the basis of these in vivo
data, it was concluded tha# was at least  less myelotoxic
than linezolid because of the higher plasma drug levels at the
NOAEL and decreased hematology and bone marrow changes
at higher exposures.

In summary, we report the synthesis and in vitro and in vivo
activity of novel C-5 carboxamide oxazolidinones. These
analogues are low in molecular weight and easy to synthesize,
as demonstrated by the scale-up of reverse aniidein
multigram quantities. This subclass of oxazolidinones showed
antibacterial activities similar to those of linezolid but with a
decreased monoamine oxidase inhibitory potency. These com-
pounds also showed excellent PK properties and were low risk
for drug—drug interactions. Results of in vitro time kill studies
demonstrate that, like linezolid4 is bacteriostatic for staphy-
lococci and enterococci but is bactericidal for streptococci.
Importantly, 14 also showed a reduction in myelotoxicity
compared to linezolid.

Supporting Information Available: Experimental procedures
and characterization data for all compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.
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