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Abstract—Novel oxazolidinones were synthesized containing a number of substituted five-membered heterocycles attached to the
�piperazinyl–phenyl–oxazolidinone� core of eperezolid. Further, the piperazine ring of the core was replaced by other diamino-
heterocycles. These modifications led to several compounds with potent activity against a spectrum of resistant and susceptible
Gram-positive organisms, along with the identification of ranbezolid (RBx 7644) as a clinical candidate.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Infections due to Gram-positive bacteria such as methi-
cillin-resistant Staphylococcus aureus (MRSA), vanco-
mycin-resistant Enterococcus faecium (VRE), and
penicillin-resistant Streptococcus pneumoniae (PRSP)
are the leading cause of morbidity and mortality in hos-
pital settings and community today. Oxazolidinones are
a new class of totally synthetic antibacterial agents
active against Gram-positive infections.1,2 Linezolid3

(ZyvoxTM, Pharmacia/Pfizer, Fig. 1) is the only drug in
this class, approved in the United States and Europe
for treatment of Gram-positive nosocomial and commu-
nity-acquired pneumoniae and skin infections. Oxazo-
lidinones inhibit the bacterial protein synthesis prior to
the chain initiation step, by binding to the 23S rRNA
of 50S ribosomal subunit, and interfering with the initi-
ator fMet–tRNA binding to the P-site of the ribosomal
peptidyltransferase centre.4,5
0960-894X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Eperezolid (Fig. 1) was another oxazolidinone devel-
oped by Pharmacia concurrently with linezolid, up to
Phase II clinical trial. Both linezolid and eperezolid
are inactive against Gram-negative bacteria, require
multi-dosing regimen, and have serious side effects.6

Thus, to broaden the antibacterial spectrum, improve
the PK parameters, and obtain better efficacy and safe-
ty, a research programme was initiated in oxazolidi-
nones. As eperezolid structure allowed scope for
structural refinement, the �piperazinyl–phenyl–oxazolid-
inone� core structure of eperezolid was attached to var-
ious five-membered heterocycles with a methylene
linker, to obtain compounds 1–18 (for a general repre-
sentation see Fig. 2). Further, the piperazine ring was
replaced with other diamino-heterocycles to obtain
compounds 19–27.
2. Chemistry

Eight different core compounds 35a–h were prepared as
intermediates by the synthetic route outlined in Scheme
1, wherein W represents (throughout this publication)
eight different diamino-heterocycles as given in
Figure 3. Following the procedures similar to that de-
scribed by Pharmacia7 (Scheme 1), the nitro group of
Boc-protected-nitrofluorobenzene 28a–h, was reduced
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Figure 1.

Figure 3. Eight different diamino-heterocycles.

Figure 2.
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to the corresponding amino derivative 29, by hydroge-
nation in Parr apparatus with catalytic palladium on
carbon. The amino group was derivatized to the benzyl-
oxycarbamate derivative 30, on treatment with benzyl-
chloroformate and sodium bicarbonate in THF. Next,
the oxazolidinone ring was formed by reacting 30 with
n-butyl lithium in THF at �78 �C followed by addition
of (R)-glycidyl butyrate, to obtain 31. The alcohol 31
was reacted with methanesulfonyl chloride to yield 32,
followed by treatment with sodium azide to obtain the
azide 33. The azide was reduced to amine 34 by hydro-
genation in Parr apparatus with catalytic palladium on
carbon. Finally, the derivative 34 was transformed to
acetamide 35 on treatment with acetic anhydride.

The starting Boc-protected-nitrofluorobenzene 28a–h
derivatives were prepared by methods given in Schemes
Scheme 1. Reagents and conditions: (a) cat. Pd/C, H2 55 psi, MeOH, rt; (b)

1.5 h, (R)-glycidyl butyrate, overnight; (d) CH3SO2Cl, triethylamine, CH2C

MeOH, rt; (g) acetic anhydride, triethylamine, CH2Cl2, 0 �C! rt.
2–4. The synthesis of compounds 28a, b and d were
carried out as outlined in Scheme 2. The appropriate
diamino-heterocycles, that is, piperazine, homopiper-
azine and 2,6-dimethylpiperazine, were condensed
with 1,2-difluoro-4-nitrobenzene in the presence of a
base N-ethyldiisopropylamine to yield 36. Compound
36 was treated with Boc-anhydride to obtain 28a, b
and d. For the synthesis of compounds 28e–h, 4-(tert-bu-
toxycarbonyl)amino-piperidine, 3-methyl-4-(tert-butox-
ycarbonyl)aminopiperidine,8 (1a,5a,6a)-6-tert-butoxycar-
bonyl-amino-3-azabicyclo[3.1.0]hexane9 and (1a,5a,6a)-
6-(tert-butoxycarbonyl)amino-methyl-3-azabicyclo[3.1.0]-
hexane10 were condensed with 1,2-difluoro-4-nitroben-
zene to obtain 37 (Scheme 3). Further, compound 37
NaHCO3, benzylchloroformate, THF; (c) 15% n-BuLi, THF, �78 �C,
l2, 0 �C! rt; (e) sodium azide, DMF, 80 �C; (f) cat. Pd/C, H2 55 psi,



Scheme 5. Reagents and conditions: (a) Method A: TFA, CH2Cl2,

0 �C! rt; 5-chloromethyl-2-furaldehyde, potassium carbonate, DMF,

rt; or (b) Method B: TFA, CH2Cl2, 0 �C! rt; 5-nitrofuran-2-carbox-

aldehyde, sodiumtriacetoxyborohydride, THF,molecular sieves 3 Å, rt.

Scheme 6. Reagents and conditions: (a) AgNO3, aq NaOH, EtOH, rt,

17 h; (b) hydroxylamine hydrochloride, pyridine, rt, 4 h; (c) hydrazine

hydrate, cat. sulfuric acid, EtOH, rt, 48 h; (d) sodium borohydride,

EtOH, 6 h; (e) triflic anhydride, triethylamine, dichloromethane,

�78 �C! rt, 3 h; (f) acetic anhydride, triethylamine, rt, 24 h.

Scheme 2. Reagents and conditions: (a) N-ethyldiisopropylamine,

acetonitrile, 80 �C; (b) Boc-anhydride, triethylamine, CH2Cl2,

0 �C! rt.

Scheme 4. Reagents and conditions: (a) potassium carbonate, DMF,

80 �C.
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was methylated with methyl iodide and n-tetrabutyl-
ammonium iodide in the presence of sodium hydride to
yield 28e–h. As shown in Scheme 4, 1-tert-butoxycarbon-
yl-3-methylpiperazine was condensed with 1,2-difluoro-4-
nitrobenzene and potassium carbonate in DMF at 80 �C
to obtain 28c.

For the synthesis of targets 1–27, the Boc-protected
cores 35a–h were key intermediates and used as starting
materials for linking the heterocycles (representative
examples are given in Scheme 5). Suitably substituted
five-membered heterocycles were linked by a methylene
linker to the Boc-deprotected cores, either by Method
A: alkylations with the corresponding chloromethyl-het-
erocycles (compounds 1, 2,11 4, 9 and 19 were prepared
by this method); or by Method B: reductive amination
with the corresponding heterocyclic carboxaldehydes
(compounds 7,12 10, 13–18, 20–22, 24–27 were prepared
by this method). The aldehyde group of compound 2
was further derivatized to the corresponding carboxylic
acid (3), oxime (5), hydrazone (6) and methyl alcohol
(11) by conditions given in Scheme 6. The oxime 5 was
converted to nitrile derivative (8) on treatment with tri-
flic anhydride and the alcohol 11 was acylated to obtain
12. Compound 38, was synthesized by the procedures
described by Yamada et al.,13 and further derivatized
(Scheme 7).
Scheme 3. Reagents and conditions: (a) N-ethyldiisopropyl amine, acetonitrile, 80 �C; (b) sodium hydride 60% w/w, tetrabutylammoniumiodide,

methyl iodide, THF, 0 �C.



Scheme 7. Reagents and conditions: (a) 5-nitro-2-furaldehyde, sodi-

umtriacetoxyborohydride, THF, molecular sieves 3 Å; (b) acetic

anhydride, pyridine, rt.
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3. Biology

3.1. In vitro

Minimum inhibitory concentrations (MIC) were deter-
mined by agar dilution method using doubling dilutions
in cation adjusted Mueller Hinton agar over a concen-
tration range of 16–0.015 lg/mL and incubation in air
at 35 �C for 24 h.

3.2. In vivo

Swiss albino mice weighing 20 ± 2 g were used in the
study. There were six mice in each group. Water and
Table 1. Optimization of 5-substituted furans

Compound R % Yielda

S.a

1 H 96 8

2 –CHO 25 1

3 –COOH 85 >16

4 CH3CH2OC(@O)– 87 >16

5 –CH@NOH 97 2

6 –CH@NNH2 69 2

7 (RBx 7644) –NO2.HCl 55 1

8 –CN 33 16

9 –Br 53 >16

10 –Cl 87 >16

11 –CH2OH 70 >16

12 –CH2OC(@O)CH3 64 >16

13 –CH3 20 >16

Linezolid 2

Vancomycin 1

a% Yield: Chemical yield in the final step of the synthetic sequence.
b Organisms: S.a, Staphylococcus aureus ATCC 25923; MRSA, methicillin-r

coccus faecium 6A; E.fa, Enterococcus faecalis ATCC 29212; S.py, Strepto

6303.
rodent feed was provided ad libitum throughout the
study. Lethal systemic infection was caused in mice by
injecting intraperitoneally MLD inoculum of methicil-
lin-resistant Staphylococcus aureus (MRSA) 562 mixed
1:1 with 10% mucin. Compounds were administered
orally at 30 min and 4 h post-infection. The ED50

was calculated by the Spearman Karber method on
day 7-post-infection.
4. Results and discussion

Compounds (2, 5, 6 and 7; Table 1) bearing polar groups
have good antibacterial activity, with compound 7 (RBx
7644) being most potent.8,14,15 Replacement of the nitro
groupof 7, with other electron-withdrawing groups (com-
pounds 3, 8, 9 and 10) or electron-donating groups (com-
pounds 11, 12 and 13) led to decreased activity. Nitro
group was the optimum substitution on furan.

Keeping the nitro group constant and changing the
heteroatom on the five-membered heterocycle led to
inferior activity, in vitro rank order being O > NH,
N–CH3 > S (Table 2). The activity decreased with
increase in aromaticity.

Varying the position of the linker led to decrease in
activity (Table 3), suggesting 5-nitro-2-furan derivative
(compound 7) to be optimally substituted with the basic
nitrogen of the piperazine ring acting inductively
through the methylene linker to the electron sink
(nitro-furan ring).

Replacing the piperazine ring with one carbon homo-
logue compound 19 (Table 4), retained in vitro activity,
MIC (lg/mL) (organisms)b

MRSA E.fa VRE S.py S.pn

8 8 8 4 8

1 8 8 8 4

>16 >16 >16 >16 >16

>16 >16 >16 >16 >16

2 8 16 4 8

1 8 8 8 8

1 2 2 0.125 0.125

16 16 16 16 16

>16 >16 >16 >16 >16

>16 >16 >16 >16 >16

>16 >16 >16 >16 >16

>16 >16 >16 >16 >16

>16 >16 >16 >16 >16

2 2 2 2 2

0.5 0.5 >16 0.5 0.5

esistant Staphylococcus aureus 562; VRE,vancomycin-resistant Entero-

coccus pyogenes ATCC 19615; S.pn, Streptococcus pneumoniae ATCC



Table 2. Optimization of nitro-heterocycles

Compound X % Yielda MIC (lg/mL) (organisms)b

S.a MRSA E.fa VRE S.py S.pn

7 (RBx 7644) O — 1 1 2 2 0.125 0.125

�HCl — 1 1 2 2 0.125 0.125

14 S 27 8 8 8 8 1 8

15 NH 61 4 4 4 4 1 4

16 N–CH3 24 4 4 4 4 2 8

a% Yield: Chemical yield in the final step of the synthetic sequence.
b Organisms: S.a, Staphylococcus aureus ATCC 25923; MRSA, methicillin-resistant Staphylococcus aureus 562; VRE, vancomycin-resistant

Enterococcus faecium 6A; E.fa, Enterococcus faecalis ATCC 29212; S.py, Streptococcus pyogenes ATCC 19615; S.pn, Streptococcus pneumoniae

ATCC 6303.

Table 3. Nitro-furan linked at different position

Compound R % Yielda MIC (lg/mL) (organisms)b

S.a MRSA E.fa VRE S.py S.pn

7 — 1 1 2 2 0.125 0.125

17 17 8 4 8 4 4 8

18 48 8 4 4 4 1 1

a% Yield: Chemical yield in the final step of the synthetic sequence.
b Organisms: S.a, Staphylococcus aureus ATCC 25923; MRSA, methicillin-resistant Staphylococcus aureus 562; VRE, vancomycin-resistant

Enterococcus faecium 6A; E.fa, Enterococcus faecalis ATCC 29212; S.py, Streptococcus pyogenes ATCC 19615; S.pn, Streptococcus pneumoniae

ATCC 6303.
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but in vivo activity was lost (Table 5). Methyl groups on
the piperazine ring as in compounds 20 and 21, are not
well tolerated. Amino-piperidine derivatives, com-
pounds 22 and 24, were a good bioisosteric replacement
for the piperazine ring. Amino-piperidine 24 and
methyl-aminopiperidine 22 were onefold superior in
in vitro to RBx 7644 (7). The in vivo activity of
compound 22 was comparable to that of RBx 7644
(7). An electron-withdrawing group such as acetyl
(compound 23) on the amino group of the amino-piper-
idine ring reduces basicity of the nitrogen atom and was
found to be inactive. Thus, basicity of the nitrogen is
important for activity.
5. Conclusion

2-Substituted-5-nitro-furyl derivative, RBx 7644 (7) was
the optimal substitution and was the most in vivo active
compound in this series, with in vitro activity similar or
slightly superior to linezolid. RBx 7644 also has activity
against all anaerobes (Gram-positive or Gram-nega-
tive).16 Methyl-amino-piperidine derivative (22) was an
equipotent bioisosteric replacement for the piperazine
derivative and warrants further investigation.

Objective of this work was to make oxazolidinones,
which are active against Gram-positive bacteria and
SAR conclusions are based upon it. Unlike other
nitro-furan compounds (furazolidinone and nitrofu-
rantoin), RBx 7644 showed no evidence of DNA dam-
aging activity in Ames test, micronucleus test,
chromosomal aberration test and macromolecular
synthesis in anaerobes.17 We think that RBx 7644 is
not effluxed out in anaerobes, resulting in its anaero-
bic activity.18

In preclinical studies ranbezolid (7, RBx 7644) exhibited
favorable pharmacokinetic and safety profile16 and
thus was selected as a clinical candidate.



Table 4. Replacement of piperazine ring with mimetics

Compound W % Yielda MIC lg/mL (organisms)b

S.a MRSA E.fa VRE S.py S.pn

7 �HCl — 1 1 2 2 0.125 0.125

19 3 2 1 2 2 1 1

20 26 4 2 4 4 4 8

21 46 16 8 8 8 16 16

22 52 1 0.5 0.5 0.25 0.125 0.5

23 74 >16 >16 >16 >16 >16 >16

24 67 1 1 0.5 0.5 <0.25 2

25 27 >16 >16 >16 >16 >16 >16

26 20 2 — 2 1 0.06 2

27 29 2 1 2 4 0.125 —

a% Yield: Chemical yield in the final step of the synthetic sequence.
b Organisms: S.a, Staphylococcus aureus ATCC 25923; MRSA, methicillin-resistant Staphylococcus aureus 562; VRE, vancomycin-resistant

Enterococcus faecium 6A; E.fa, Enterococcus faecalis ATCC 29212; S.py, Streptococcus pyogenes ATCC 19615; S.pn, Streptococcus pneumoniae

ATCC 6303.

Table 5. In vivo activity

Compound ED50 (MRSA 562) mg/kg BW p.o.

1 >25

2 >25

7 (RBx 7644) 4.33

Linezolid 5.6

19 >25

22 7.43

27 >25

Vancomycin — (8.8 sc)
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