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ABSTRACT

A new and short synthesis of Linezolid 1 has been emphasized in two path ways. The synthetic
route in both the ways involves preparation of 2-((R)-3-(3-fluoro-4-mor pholinophenylamino)-2-
hydroxypropyl)isoindoline-1,3-dione 2 as a key intermediate starting from (S)-epichlorohydrin
and phthalimide 3a. One of these methods involves the direct N-alkylation of 3-fluoro-4-
mor pholinobenzenamine 3b with 2-((S)-3-chloro-2-hydroxypropyl)isoindoline-1,3-dione 4a.
Alternatively, compound 2 was prepared by using one-pot three step sequence via 2-(((S-oxiran-
2-yl)methyl)isoindoline-1,3-dione 4b.

Keywords. N-Alkylation, Intermediate, §-Epichlorohydrin, Phthalimide, 1,2-Amino alcohol,
Linezolid.

INTRODUCTION

1,2-Amino alcohols have an outstanding significaasehiral ligands and as precursors of chiral
oxazolines and 2-oxazolidinones [1]. Applicatiori2eoxazolidinones as chiral auxiliaries and
as pharmaceuticals are well-known [1, 2]. 2-Oxaliobnes are a new class of synthetic
antibacterial agents which exhibit activity agaiaskarge number of Gram-positive organisms
and vancomycin-resistarinterococcus faecium [3]. Their mode of action is by inhibition of
protein synthesis at an early step [4]. As of 20Lidezolid (1, Figure 1) is the only 2-
oxazolidinone approved by the Food and Drug Admrai®n (FDA) and became the first
compound commercialized worldwide from the 2-oxadiobne class of antibacterials [5].
Linezolid (Zyvox®, Pfizer) was introduced into tmearket which encouraged researchers to
identify a high-yielding, economical and environrtadly sound synthetic process.
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Figure 1. Chemical structure of Linezolid, 1
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The first synthesis of linezolid starting from§5-(hydroxymethyl)oxazolidin-2-one which was
obtained by the reaction of aryl carbamate wRlrdlycidyl butyrate in the presence wfBulLi
at-78°C [6]. A modified synthetic method using cougliof aryl carbamates with eitherS)23-
chloropropane-1,2-diol or §-1-amino-3-chloropropan-2-ol promoted by tiBu has been
developed [7]. Various other methods are also abkil in the literature for the synthesis of
Linezolid [8, 9]. However, not all methods are piead on a large scale, due primarily to the
overall low yields, high costs of reagents, morenhar of steps, usage of air sensitive bases
(such as Li®Bu, n-BuLi, LDA) and low temperature reactions/@°C). Thus, development of a
more convergent, practical and rapid preparatidmetolid is highly desirable.

MATERIALSAND METHODS

All reagents and solvents employed were of comrakgnade and were used as such, unless
otherwise specified. Reaction flasks were ovenedaie200°C, flame-dried and flushed with dry
nitrogen prior to use. All moisture and air-sengtireactions were carried out under an
atmosphere of dry nitrogen. TLC was performed oesKigel 60 s, silica-coated aluminium
plates (Merck) and visualized by using either Ughti . = 254 nm) or by spraying with a
solution of ninhydrin or KMn@ Organic extracts were dried over anhydrousSTa. Flash
column chromatography was performed using Kiesdfdbrand silica gel (230-400 mesh). The
melting points were determined in an open capillatye using a Bichi B-540 melting point
instrument and were uncorrected. Optical rotatisrese measured on an Autopol V, serial
number 80455 (manufactured by Rudolph Researchyfical, Hackettstown, NJ, USA) at the
sodium D line (589 nm) and are reported as folldwE 5 (concentration in g/100 mL, solvent).
The IR spectra were obtained on a Nicolet 380 Firtrument (neat for liquids and as KBr
pellets for solids). NMR spectra were recorded wihVarian 300 MHz Mercury Plus
Spectrometer at 300 MHZH) and at 75 MHz'€C). Chemical shifts were given in ppm relative
to trimethylsilane (TMS). Data are reported asdel: s, singlet; d, doublet; t, triplet; g, quartet
gn, quintuplet; m, multiplet; and br, broad. Magedra were recorded on Waters quattro
premier XE triple quadrupole spectrometer usindhegitelectrospray ionisation (ESI) or
atmospheric pressure chemical ionization (APClhtégue.

Synthesis of 2-((S)-3-Chloro-2-hydroxypropyl)isoindoline-1,3-dione (4a). To a stirred
solution of §-epichlorohydrin (8.0 g, 0.086 mol), pthalimida (12.72 g, 0.086 mol) and
isopropanol (60 mL), was added a catalytic amofipotassium carbonate (1.1 g, 0.008 mol) at
RT. The reaction mixture was heated to reflux arantained at reflux temperature for 5-7 h.
The progress of the reaction was monitored by TAfier completion of the reaction, reaction
mixture was cooled to RT, filtered and solvent waoved under reduced pressure at below
40°C. The obtained residue was triturated with wdikered and solid was slurry washed with
water. The obtained solid was unloaded and drigfD&€ under reduced pressure to giveS-((
3-chloro-2-hydroxypropyl)isoindoline-1,3-dioda as a white colored solid (15.5 g); Yield 75%;
Mp 95-96°C, 1], —-32.5° € = 0.712, CHGJ); IR (KBr): v 3463 (OH), 1692 (€0) cm ™ *H
NMR (CDCl): 6 2.82-2.84 (d, 1H, -OH, f© exchangeable), 3.59-3.71 (m, 2H), 3.85-4.01 (m,
2H), 4.15-4.21 (m, 1H), 7.72-7.78 (m, 2H), 7.8597 (¢, 2H);**C NMR (CDCk): & 41.5, 47.2,
69.64, 123.5, 131.8, 134.2, 168.6; ESI-M$z (%) 240 (100, N+1).

Synthess of 2-((R)-3-(3-fluoro-4-mor pholinophenylamino)-2-hydr oxypropyl)isoindoline-1,3-
dione (2) (using path A). A mixture of 2-(§)-3-chloro-2-hydroxypropyl)isoindoline-1,3-dione
4a (10 g, 0.041 mol) and 3-fluoro-4-morpholinobenzairee 3b (8.2 g, 0.041 mol) was
suspended at 25°C in toluene (100 mL) and mixeH lutidine (5.4 g, 0.05 mol), and ethanol (8
mL). The reaction mixture is heated for 36 h atuef(after 36 h, observed the formation of
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product ~ 25% by TLC). After cooling to 30°C, theaction mixture was evaporated to dryness
and the residue was subjected to purification usalgmn chromatography gave compouhas

a pale yellow colored solid (3.2 g). Yield: 19 %pM57-159°C*H NMR (CDCk): & 2.78-2.79

(d, 1H, DO exchangeable), 2.94-2.97 (t, 4H), 3.11-3.26 (#), 3.83-3.86 (t, 4H), 3.90-3.91 (d,
2H), 4.08 (br s, 1H, BD exchangeable) 4.11-4.16 (m, 1H), 6.38-6.45 (1), BH¥9-6.85 (t, 1H),
7.73-7.78 (m, 2H), 7.85-7.89 (m, 2H); IR (KBr): 346337, 1776, 1704, 1047, 752 tnESI-
MS: m/z (M*+1) 400.

Synthesis of 2-(((S)-oxiran-2-yl)methyl)isoindoline-1,3-dione (4b). A mixture of 2-(§-3-
chloro-2-hydroxypropyl)isoindoline-1,3-diorda (1.5 g, 0.006 mol) and potassium carbonate
(2.6 g, 0.019 mol) was suspended in toluene (10 anlBT. The reaction mixture was heated to
reflux and maintained at reflux temperature for. Mhe progress of the reaction was monitored
by TLC. After completion of the reaction, reactionxture was cooled to RT and solids were
filtered-off. The filtrate was evaporated underueed pressure at 50°C. The obtained residue
was triturated withn-hexane, filtered and washed witlkhexane. The obtained solid was
unloaded and dried at 50°C under reduced pressuwe give 2-((§-oxiran-2-
yl)methyl)isoindoline-1,3-diondb as a white colored solid (1.0 g); Yield 80%; Mp-B&0°C,
[a]%%p =32.5° € = 0.712, CHGJ); IR (KBr): v 1711, 1398, 720 crit *H NMR (CDCk):  2.69
(dd, 1H), 2.81 (dd, 1H), 3.25 (m, 1H) 3.82 (dd, 2Blp6 (dd, 2H), 7.74 (m, 2H), 7.88 (dd, 2H);
ESI-MS:m/z (%) 204 (100, N+1).

Synthess of 2-((R)-3-(3-fluoro-4-mor pholinophenylamino)-2-hydr oxypropyl)isoindoline-1,3-
dione (2) starting from (S)-epichlorohydrin (one-pot process using path B). To a stirred
solution of §-epichlorohydrin (15.7 g, 0.170 mol), pthalimi@a (25.0 g, 0.170 mol) and
isopropanol (125 mL), was added a catalytic amafiqtotassium carbonate (2.3 g, 0.017 mol)
at RT. The reaction mixture was heated to refluct mraintained at reflux temperature for 5-7 h.
The progress of the reaction was monitored by TAfier completion of the reaction, reaction
mixture was cooled to RT, filtered and solvent wasioved under reduced pressure at below
40°C. The obtained residue was diluted with diabreethane (85 mL) and toluene (85 mL) and
was charged potassium carbonate (43.0 g, 0.31ah&). The mixture was heated to reflux for
7 h. After completion ofla, the reaction mixture was cooled to RT and filderehe solvent was
removed from the filtrate by evaporation under wtlipressure at 50°C and also co-distilled
with ethanol at 50°C. To the residue was addedi@f-4-morpholinobenzenamirdd (30.0 g,
0.153 mol), ethanol (113 mL) and water (12 mL) &t Rhe mixture was heated to reflux for 20
h. The progress of the reaction was monitored b€ .TAfter completion ofdb, the reaction
mixture was cooled to RT and solvent was removeduaporation under pressure at 40°C. The
obtained residue was purified by column chromatplgyao give compoun@ as a pale yellow
colored solid (40 g). Yield: 59 %. The analyticata was in agreement with the compounhd
prepared in path A.

Synthesis of 2-(((9)-3-(3-Fluor o-4-mor pholinophenyl)-2-oxooxazolidin-5-yl ) methyl)
isoindoline-1,3-dione  (6). 2-((R)-3-(3-Fluoro-4-morpholinophenylamino)-2-hydroxyps®)
isoindoline-1,3-dione& (5.0 g, 0.012 mol) is dissolved in dichloromethgf6 mL), carbonyl
diimidazole (3.0 g, 0.018 mol) is added at ambientperature and the reaction mixture is stirred
for 20 h. The progress of the reaction was monitdmng TLC. After completion of the reaction,
reaction mixture was washed with water, organicetayas dried over N&O,, filtered and
solvent was removed by evaporation under reducedspre to give 2-§-3-(3-fluoro-4-
morpholinophenyl)-2-oxooxazolidin-5-yl)methyl)isaialine-1,3-dione6 as a white colored
solid (5.0 g); Yield 94 %; Mp 204-206°GH NMR (CDCk): 5 3.03-3.07 (t, 4H), 3.86-3.89 (t,
4H), 3.94-4.19 (m, 4H), 4.96-5.00 (m, 1H), 6.895%(9 1H), 7.10-7.13 (d, 1H), 7.39-7.45 (d,
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1H), 7.76-7.80 (m, 2H), 7.87-7.91 (m, 2HJC NMR (CDCE): 5 40.7, 48.4, 50.9, 50.96, 66.9,
69.5, 107.4, 107.7, 113.9, 114.0, 118.7, 118.79,612131.6, 132.8, 134.4, 136.4, 136.5, 153.7,
167.9; IR (KBr):v 3099, 2962, 1752, 1711, 1217 ¢nESI-MS: mVz (%) 426.2 (100, N+1).

Synthesis of (S)-5-(aminomethyl)-3-(3-fluor o-4-mor pholinophenyl)oxazolidin-2-one (7).
Hydrazine hydrate (3.9 g, 0.077 mol) was added stireed solution of 2-(&-3-(3-fluoro-4-
morpholinophenyl)-2-oxooxazolidin-5-yl)methyl)isaialine-1,3-dion& (6.0 g, 0.014 mol) and
methanol (50 mL). The mixture was stirred at reftemperature for 1 h. The reaction progress
was monitored by TLC. After completion of the reart the reaction mixture was allowed to
cool to RT, water was added and the mixture wagsetdd with CHCI, (3 x 100 mL). The
combined organic extracts were washed with wateeddover NaSO, and concentrated in
vacuum to give 9-5-(aminomethyl)-3-(3-fluoro-4-morpholinophenyl@zolidin-2-one7 as a
white colored solid (3.66 g); Yield: 88 %; IR (KBr) 3404, 2958, 1726, 1229 ém'H NMR
(CDCl3): 6 1.49 (br s, 2H), 2.94-3.0 (dd, 1H), 3.03-3.064), 3.09 -3.14 (dd, 1H), 3.79 -3.84
(dd, 1H), 3.85-3.89 ( t, 4H), 3.98-4.04 (t, 1K4)04 - 4.69 (m, 1H), 6.90-6.96 (t, 1H), 7.12 -
7.15 (dd, 1H), 7.44-7.49 (dd, 1H); ESI-M%®z (%) 296 (100, N+1).

Synthesis of N-(((S)-3-(3-fluor o-4-mor pholinophenyl)-2-oxooxazolidin-5-yl)methyl)
acetamide (Linezolid, 1). Acetic anhydride (3.1 g, 0.030 mol) was added dise to a stirred
solution of -5-(aminomethyl)-3-(3-fluoro-4-morpholinophenyly@ezolidin-2-one 7 (3.0 g,
0.010 mol) and toluene (30 mL) by maintaining theperature at below 35°C. The mixture was
stirred at RT for 1 h. The reaction progress canmmamitored by TLC. After completion of
reaction, the reaction mixture was allowed to ¢cod)°C and the obtained solids were filtrated to
give N-(((9-3-(3-fluoro-4-morpholinophenyl)-2-oxooxazolidiny®)methyl)acetamidel as a
white colored solid (2.74 g); Yield: 80 %; Mp 181182.5°C; IR (KBr):v 3342, 3075, 2967,
1741, 1660 cit; *H NMR (CDCL): 6 2.07 (s, 3H), 3.03-3.07 (t, 4H),3.55-3.76 (m, 3H), 3.85-
3.89 (t, 4H), 3.99-4.05 (t, 1H), 4.74-4.79 (m, 18)96 (s, 1H), 6.89-6.95 (t, 1H), 7.00-7.10 (d,
1H), 7.42-7.48 (d, 1H)**C NMR (DMSO):§ 22.4 47.2, 50.6, 66.1, 71.5, 106.4, 114.0, 119.1,
113.3, 113.5, 152.9, 154.0, 156.1, 170.0; ESI-M&:(%) 338.18 (100, M+1).

RESULTSAND DISCUSSION

As a part of the ongoing research programme ortifgiarg new chiral synthons [9, 10] followed
by developing and improving synthetic routes takadterial Linezolid [9, 10], it is wished to
report herein the synthesis of R{3-(3-fluoro-4-morpholinophenylamino)-2-hydroxypd)
isoindoline-1,3-dion@ as a key intermediate towards the synthesis a2ohd 1.

O
Path A OH
N ~ Cl
P — ~N
QO N NH OHO O 4a
1 —/— = \_<’N¢© or + HzNQN (@]
(@]

Path B 0o =
—1 (o]
2 N 3b

4b
Figure 2. Retro synthetic analysis of 2-((R)-3-(3-fluor o-4-mor pholinophenylamino)-2-hydr oxypropyl)
isoindoline-1,3-dione 2 towar dsthe synthesis of Linezolid 1
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Retro synthetic analysis of the projected amin®labt 2 revealed two synthetic approaches
either starting from halohydrifia or epoxy compoundb (Figure 2). In most of the cases while
attempting path A approach, the reaction may prde&e the formation of epoxy compoudiol
(halohydrin4a converts into epoxy compounb) which finally results in the formation of
expected compound2. To the best of our knowledgeN-alkylation of 3-fluoro-4-
morpholinobenzenamin8b with any alkyl halide is un-reported and also #thesis of
Linezolid by utilizing4b is known in the literature [8f].

Anilines are generally sufficiently basic to underdirect N-alkylation, often under mild
conditions. However, the reactions are difficult ¢ontrol because the reaction product
(secondary amine) is often more nucleophilic thengrecursor and will thus preferentially react
with the alkylating agent. However, thealkylation of 4-(4-aminophenyl)morpholin-3-one it
N-((9-3-bromo-2-hydroxypropyl)-5-chlorothiophene-2-caxamide using collidine (2,4,6-
trimethylpyridine) as a base in toluene at 105°@morted in the literature towards the synthesis
of Rivaroxaban [11], an anti-coagulant. Other resctonditions for theN-alkylation of anilines
and/or substituted anilines using alkyl halidesas® reported in the literature [12]. This prone
us to utilize similar strategy for the synthesisLafezolid as well by direcN-alkylation of 3-
fluoro-4-morpholinobenzenamine3b  with  2-((§)-3-chloro-2-hydroxypropyl)isoindoline-1,3-
dione4a.

Initially, compound4a was prepared by the reaction §j-épichlorohydrin with phthalimid&a
and KCO; (catalytic) in isopropanol at reflux temperaturer f5 h with retention of
stereochemistry. In our preliminary study, the tigacof 3-fluoro-4-morpholinobenzenamiBb
with 2-((S-3-chloro-2-hydroxypropyl)isoindoline-1,3-dionda was tested using different
reaction conditions such as CsF-Celite-acetonjtile;COs-acetone, NaHC@water, CsCOs-
TBAI-DMF, KiI-acetonitrile, CsF-acetonitrile, #COs-KI-DMF, N,N-diisopropylethylamine-
acetonitrile, KOH-EtOH anch-BuLi-THF at different temperatures. It was fourdhtt none of
these reaction conditions resulted neither the cam@2 nor anticipatedib.

Phthalimide o
o K,COs, IPA vc'>HV \ Q
cl > Cl N
\/_k Reflux, 5-7 h \ Phthalimide, 3a = HN>\>’1<>
3 4a O

—\ ANH,, 30=0 N NH,
. O N NH OHO ——/
ArNH,, Lutidine  \___/ \_& F
> F N |
PhMe, EtOH
O

Reflux, 36 h

2
Scheme 1. Synthesis of compound 2 using path A

All attempts to achieve either compouBdor 4b were unsuccessful. Moreover, it has been
observed either formation of various impurities rar reaction. To confirm no formation of
intermediatedb, all previously mentioned conditions were agaterapted independently using
4a (without 3b). It was again confirmed that no formation 4f under described conditions.
Finally, the formation of 2-§)-3-(3-fluoro-4-morpholinophenylamino)-2-hydroxyp)
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isoindoline-1,3-dion& was observed (~25% by TLC) using lutidine (2,6-elinylpyridine) as a
base in toluene at reflux temperature for 36 h aitlyield of 19% $cheme 1).

Attempts were continued to enrich the product fdromaby varying solvent, molar quantity of
lutidine and reaction temperature. None of thegamaters played a significant role to increase
the reaction conversion as well as yield. It was atonfirmed that no formation of 2-§
oxiran-2-yl)methyl)isoindoline-1,3-diordb by the reaction of 2-8j-3-chloro-2-hydroxypropyl)
isoindoline-1,3-dioneda in equivalent reaction conditions (lutidine, tahge reflux). Even
though the formation o was observed in path A approach, the low yield%{l%9vas not
fulfilled our intention. Hence, alternative attempivere also performed to improve path B
approach as well.

The preparation of 2-@-oxiran-2-yl)methyl)isoindoline-1,3-diondb was reported in the
literature using various conditions. Compoutdcan be produced directly from the reaction of
epichlorohydrin with potassium phthalimide in onteps However, this reaction required
significant excess epichlorohydrin and also thererewissues with full retention of
stereochemistry [13]. Alternatively epoxy compouftdl can also be synthesized staring from
chiral glycidol and phthalimide (Mitsunobu condiig) or from chiral 3-chloro-1-amino-2-
proponal and phthalic anhydride {Hf toluene, reflux) [14]. A few procedures werecals
reported for preparation afb including varied reaction conditions starting fragla Most of
these methods reported are not practical primdubyto high costs of starting materials and poor
enantiomeric excess. Thus, development of a maetipal method for the preparation 4t
was taken up as a task.

The halohydrirda was further treated with O3 in toluene at reflux temperature gave epoxy
compound4b in moderate yield. After the successful preparatd4b it was further subjected
to prepare amino alcoh@lunder the reported conditions. In initial two stépe base is COs
and this made us to develop one-pot process andvachsuccessful preparation 2fstarting
from phthalimide3a in one-pot with about 59% yiel&¢heme 2).

Phthalimide o)
@) K2CO3, IPA OH \ K2CO3, Toluene
> Cl N >
C'\/A Reflux, 5-7 h v'\/ Reflux, 7 h
o)

3 4a
ArNH,
o)
EtOH:H,O /\
Q \ 2~ o O N NH OHO
LA N Reflux, 20h \—&
N F N |
4b 2 O

Scheme 2. Synthesis of compound 2 using path B

Finally the resulted amino alcoh®lin both approaches (path A and B) was furthercetzied to
Linezolid [6] which involves carbonylation using rbanyldiimidazole (CDI) followed by
deprotection of phthalimide using hydrazine hydratenethanol and finally acetylation using
acetic anhydride and toluenscheme 3).
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(@] N NH OHO cD
_/ \_& o
F N | DCM 35T —
12 h
2 O
(@]
NoH4 H,0O /—\ ACZO / \N N>\\O
MeOH, Reflux Toluene \—/ \)\/NHAC
1h RT, 1h v
7 Linezolid, 1

Scheme 3. Synthesis of Linezolid from compound 2

CONCLUSION

As a summary, herein we have developed a new mdtindte synthesis of 24-3-(3-fluoro-

4-morpholinophenylamino)-2-hydroxypropyl)isoindaii,3-dione 2 (path A) and also
improved the reported method to preparstarting from phthalimide and®fepichlorhydrin in
one-pot three step sequence with about 59% vyielth(B). Finally the resulted amino alcotiol
was further elaborated to Linezolid using the &tare procedure [6].
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