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Abstract—An efficient enantioselective synthesis of the antibacterials, linezolid (U-100766), and eperezolid (U-100592) using D-pro-
line-catalyzed asymmetric a-aminooxylation of aldehydes as the key step is described here. This is the first report on the enantio-
selective synthesis of linezolid and eperezolid using asymmetric catalysis.

© 2006 Elsevier Ltd. All rights reserved.

The 3-aryl-2-oxazolidinones are a relatively new class of
synthetic antibacterial agents, having a new mechanism
of action which involves early inhibition of bacterial
protein synthesis. This class of compounds is particu-
larly active against Gram-positive organisms such as
methicilin-resistant Saphylococcus aureus and Staphylo-
coccus epidermitis and vancomycin-resistant entero-
cocci."** Important representatives of this class include
the morpholine derivative linezolid, 1, and the pipera-
zine derivative eperezolid, 2. Most of the methods
reported? for the asymmetric synthesis of linezolid and
eperezolid involve either a chiral pool approach or
classical resolution of racemates. Surprisingly, an asym-
metric catalytic route for the construction of the 2-ox-
azolidinone moiety has not been reported so far. In this
letter, we report a short and practical method for the
enantioselective synthesis of the two important anti-
bacterial antibiotics, linezolid 1 and eperezolid 2, by
employing D-proline-catalyzed asymmetric a-aminooxyl-
ation of aldehydes as the key step (Schemes 1 and 2).
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The field of asymmetric organocatalysis in organic syn-
thesis is rapidly growing and has provided several new
methods for obtaining chiral compounds in an environ-
mentally benign manner.? In this connection, proline, an
abundant, inexpensive amino acid available in both
enantiomeric forms, has emerged as arguably the most
practical and versatile organocatalyst.* Proline has also
been found to be an excellent asymmetric catalyst for
a-functionalization® of aldehydes and ketones. The
retrosynthetic analysis of linezolid 1 and eperezolid 2
is outlined in Figure 1. We envisioned that the oxazolid-
inones in 1 and 2 could be constructed by intramolecular
cyclization of chiral diols 7 and 16, which in turn would
be obtained from the corresponding aldehydes 6 and 15
by D-proline-catalyzed asymmetric a-aminooxylation of
the respective aldehydes 6 and 15. Aldehydes 6 and 15
would in turn be prepared readily from amines 3 or 12
and 1,3-propane diol.

The asymmetric synthesis of linezolid 1 started with
arylamine 3, which was prepared following the reported
procedure.?® Treatment of arylamine 3 with monotosyl
protected 1,3-propane diol gave secondary amine 4,°
which was then protected using Cbz-Cl to furnish the
key intermediate alcohol 5 in 85% overall yield. Alcohol
5 was then oxidized using standard Swern conditions’ to
aldehyde 6, which was converted into the corresponding
diol 7 by proline-catalyzed asymmetric o-aminooxyl-
ation in a two-step reaction sequence: (i) reaction of
aldehyde 6 with nitrosobenzene as the oxygen source
in the presence of p-proline in CH;CN at —20 °C>?
followed by treatment with NaBH4 in MeOH gave the
crude aminooxy alcohol and (ii) subsequent reduction
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Figure 1. Retrosynthetic analysis of linezolid 1 and eperezolid 2.
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Scheme 1. Reactions and conditions: (a) TsO-(CH,);-OH, Nal, Na,CO3;, DMF, 65 °C; (b) Cbz-Cl, NaHCO3, acetone-water, 85% (over two steps);
(c) (COCl),, DMSO, Et3N, CH,Cl,, —78 to —60 °C, 95%; (d) (i) PhNO, p-proline (25 mol %), CH3CN, —20 °C, 24 h then MeOH, NaBHy; (ii)
CuSOy (30 mol %), MeOH, 86% (over two steps); (¢) NaH, THF, 0 °C, 96%; (f) (i) MsCl, Et;N, CH,Cl,, 0 °C, 4 h; (ii)) NaN;, DMF, 75 °C, 92% (over
two steps); (g) 10% Pd/C, H, (1 atm), EtOAc, 12 h then Ac,0, py, 92%.
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Scheme 2. Reagents and conditions: (a) Cbz—Cl, NaHCO3, acetone-H,0, 97%; (b) CoCl,, NaBH,4, MeOH, 60 °C, 95%; (c) TsO—-(CH,);—OH, Nal,
Na,CO;, DMF, 65 °C; (d) Cbz-Cl, NaHCOs, acetone-H,0, 79% (over two steps); (e) (COCl),, DMSO, Et;N, CH,Cl,, —78 to —60 °C, 94%; (f) (i)
PhNO, p-proline (25 mol %), —20 °C, 24 h then MeOH, NaBHy; (ii) CuSO4 (30 mol %), MeOH, 82% (over two steps); (g) NaH, THF, 0 °C, 94%; (h)
(i) MsCl, EtsN, CH,Cl,, 0 °C, 4 h; (ii) NaN3;, DMF, 75 °C, 89% (over two steps); (i) PPh;, THF-water, 12 h then Ac,0, py, 96%; (j) 10% Pd/C, H,
(1 atm), MeOH-CH,Cl, (3:1), 97%; (k) CICOCH,OCH,Ph, Et;N, CH,Cl,, 0 °C, 100%; (1) 10% Pd/C, H, (1 atm), MeOH-CH,Cl, (3:1), 89%.
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of the crude product with 30% CuSQy, yielded chiral diol
78 in 86% yield; [ ] —4.0 (¢ 1.1, CHCI;). The regioselec-
tive mtramolecular cyclization® of diol 7 using sodium
hydride in THF at 0 °C furnished the desired oxazohdl—
none 8 in 96% yield and 99% ee (determined by 'H
NMR analysis of its Mosher’s ester). The physical and
spectroscopic data of 8 were in complete agreement with
the reported values.’® Oxazolidinone 8 was then con-
verted into the corresponding azide 9 in two steps with
92% overall yield. Finally, the azide function was
reduced with H, using Pd/C to furnish the crude amine,
which was converted (Ac,O, py) to linezolid 1% {mp
181-182.5°C; [« ] =9 (c 1, CHCLy); lit. 2 mp 181.5-
182.5°C; [o ]25 —9(c 1, CHC13)} in 92% yield and 99%
ee (Scheme 1).

A similar strategy was extended to the asymmetric
synthesis of eperezolid 2 (Scheme 2). Protection of the
secondary amine group of 10?® with Cbz—Cl gave 11 in
quantitative yield. Reduction of the nitro group in 11
(NaBH,, cobalt chloride, MeOH, 60 °C)!° produced
arylamine 12, which was transformed to alcohol 14 in
79% overall yield (vide supra). Swern oxidation of
alcohol 14 gave aldehyde 15, which was subjected to
D-proline catalyzed asymmetric o-aminooxylation with
nitrosobenzene followed by reductlon to furnish chiral
diol 16'" in 82% yield (two steps) [«]5; —3.2 (¢ 1, CHCl3).

Subsequent regioselective intramolecular cychza‘uon of
diol 16 (NaH, THF, 0°C) gave oxazohdlnone 17 in
94% yield and 99% ee (determined by "H NMR analysis
of its Mosher’s ester), which was further converted into
the corresponding azide 18 in two steps, in 94% overall
yield. Reduction of azide 18 to the corresponding amine
was readily achieved with PPh; in THF-H,O mixture
and the in situ generated amine was acetylated (Ac,O,
py) to give acetamide 19 in excellent yield. Deprotection
of the Cbz group in 19 under catalytic hydrogenolysis
conditions (Pd/C, H, (1 atm), MeOH-CH,Cl,) provided
piperazine 20, which was acylated (CICOCH,OBn,
Et;N, CH,Cl,, 0°C) to give 21 in quantitative yield.

Finally, debenzylation of 21 (Pd/C, H, (1 atm), MeOH—
CH,Cl,) furnished eperezolid 2 {mp 174-176 °C; [o]}
—21 (¢ 1, DMSO); lit.2e mp 175-176 °C; [a]% =21 (c 1,

DMSO)} in 89% yield and 99% ee.

In conclusion, the enantioselective syntheses of two
antibacterial antibiotics, linezolid 1 and eperezolid 2,
were achieved in 9 and 14 linear steps (56% and 39%
overall yields, respectively). The applicability of the
D-proline catalyzed asymmetric o-aminooxylation of
aldehydes has been demonstrated. The advantages of
our syntheses are the introduction of chirality using a
catalytic amount of p-proline, which is cheap and read-
ily available, and the high enantioselectivity associated
with the process.
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