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1

PROCESS FOR THE PREPARATION OF
LINEZOLID

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The present invention relates to an improved process for
the preparation of Linezolid. More specifically, the present
invention relates to an improved process for preparing(S)—
N-[[3-[3-fluoro-4-[4-morpholinyl|phenyl]-2-0x0-5-0xazo-
lidinyl|methyl]phthalimide and (S)-glycidylphthalimide
intermediates, which are used in the preparation of Lin-
ezolid.

BACKGROUND OF THE INVENTION

Linezolid 1s a synthetic antibiotic, the first of the oxazo-
lidinone class, used for the treatment of infections caused by
multi-resistant bacteria including streptococcus and methi-
cillin-resistant Staphylococcus aureus (MRSA). The anti-
bacterial eflect of oxazolidinones 1s by working as protein
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synthesis inhibitors targeting an early step involving the

binding of N-formylmethionyl-t-RNA to the ribosome.

Linezolid 1s marketed by Pfizer under the trade name
“Zyvox” and 1t 1s chemically known as N-[[3-(3-
fluoro-4-morpholinylphenyl)-2-0x0-5-oxazolidinyl jmethyl]
acetamide having the formula (I).

(D)

/ N\ .
\_/ \J\/g\[(CH3

O

Linezolid 1s first disclosed in U.S. Pat. No. 5,688,792 and
its process comprises the use of R-glycidylbutyrate which
! ! N-[[3-[3-fluoro-4-mor-
pholinyl] phenyl]-2-0x0-5-oxazolidinyl] methanol which 1n
the subsequent stages has to be converted to various inter-
mediary compounds to finally form Linezolid. Said process,
which 1s depicted 1n the scheme-I given below, also encom-
passes an intermediary azide compound, which 1s diflicult to
handle at industrial level:

Scheme-1

b

NH4HCO,/10% Pd/C

7\

\N
/

NO,

/
\

O

/n-butyl lithium

O

Benzyl chloro
formate

Y

.
L

PN

Ay

TEA/CH; 802c1l

N K/CH;CN

(R) -Glycidyl butyrate
s /—\% - BN

F O
e o
O\ /N_©7N\/T\/0802CH3

NaNg/DMFl

O

PN

_2/—\>7 5 H,, Pd/C/EA _ /—\ >:

3 O
O
O-O-Li
O

a.q methylamine

NH2

Pyndme AcyO



US RE47,600 E

-continued

WO 1999/24393 Al discloses a process for the prepara-

tion of oxazolidinone derivatives, which 1s depicted in
scheme-II given below:

Scheme-11

R, ,—NH—CO—O0—X; +

O
AN
X,—CH, —C 'H(OHY—H,C—N
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O Lithium cation
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-continued
O
>\/\
R, —RING—CH,—N ‘
%\/
O
acetic anhydride
tri(alkylamine)
\
R, — RING —CH,—NH—CO—Ry
where R___ 1s phenyl substituted with one fluoro and one

substituted amino group, wherein the substituted amino
groups 1nclude  4-(benzyloxycarbonyl)-1-piperazinyl,
4-morpholinyl and 4-hydroxyacetylpiperazinyl

X, 158 C,-C,, alkyl;

X, 1s CI, Br

R, 15 C,-C; alkyl

# 1ndicates that the atoms marked with a (#) are bonded to
cach other resulting 1n the formation of ring

and RING 1s
O
W
B

However, WO’ 393 does not disclose any specific

examples or suitable conditions for the preparation of Lin-
ezolid.

WO 2005/099353 A2 discloses a process for the prepa-
ration of Linezolid, which 1s depicted in scheme-III given
below:

Scheme-111
O
cr Y
O
N
N IPA/THF / CDI/MDC
. ‘ -
N

SN N

OH
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-continued

O

A
\—k/(fl
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O

DMF/acetonitrile

O/\ Ac,O O/\ hydrazine O/ﬁ
I\/ N 0 EtOAc/ |\/ N hydrate k/ N 0
J\ MDC O MeOH/H,0
-t J\ - )I\ O
b N O F N 0O
b N O
N._ _CH; \—K/N
HT \_K/NHz
O

()

WO 2006/008754 Al discloses a process for the prepa-

ration of Linezolid, which 1s depicted 1n scheme-1V given
below

Scheme-1V

O MDC

| e
® 0

F NH, H

NS O
F/;j\NJ\O )
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-continued

F
N CH;
T

WO02007116284 discloses a process for preparing Lin-
ezolid, which 1s depicted 1n the scheme-V below, by reacting
a compound of structure (1) with a compound of structure
(2) at a temperature range from ambient temperature to
about 65° C. to provide a compound of structure (3), which
1s hydrolyzed and subsequently acylated to give Linezolid:

Scheme-V

OH
+

Cl Nao X

(1)

C

N

N\/\ O

N

e N )J\O
N\/X

(3)
X = chlorophenyl, bromophenyl or 2.4-dichlorophenyl
R = benzyl, Cl-8alkyl

The disadvantages of this process 1s that it involves an
additional reaction for the preparation of the compound of
structure (1). Schifl s bases are sensitive to water, so that 1t
may not lead to a formation of pure compound (1), which
enhances impurity and byproducts formation.

(S)-Glycidyl phthalimide known as 2-[(25)-Oxiran-2-yl-
methyl]-1H-1soindole-1,3(2H)-dione of formula (IX) 1s a
key intermediate used 1n all synthetic routes of Linezolid.

(1X)
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2-[(2)-Ox1ran-2-ylmethyl]-1H-1soindole-1,3(2H)-dione  (I)
was first mentioned 1n Compt. rend. 1930, 190, 493-6, which
describes a process for the preparation of 2-[(2)-oxiran-2-
ylmethyl]-1H-1soindole-1,3(2H)-dione comprising the reac-
tion of potassium phthalimide with epibromohydrin in the
presence ol gaseous or aqueous hydrohalogen acids. This
process 1s schematically shown below:

O
/\ /< (saseous or aq.
O hydrohalogen acids
‘ NK  + \>/\Br -

=z
\/

Epibromohydrin
O
Potassium phthalimide
O
2 O
‘ N /\<I
A
O
IX

U.S. Pat. No. 5,608,110 discloses a process for the prepa-
ration of 2-[(2S)-oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-
dione (I) comprising the reaction ol phthalimide with (S)-
(+)-epichlorohydrin under reflux in ethyl acetate/hexane
under a nitrogen atmosphere to get (S)-1-chloro-3-phthal-

imido-2-propanol which i1s cyclized 1n presence of NaH/
THE.

The above process 1s schematically shown below:

A
‘ NH +

=
\/\\<O

Phthalimide

O’fr;
V\Cl

(3)-(+)-Epichlorohydrin

Reflux under nitrogen,
Hexane, ethyl acetate,
Silica gel

T
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-continued
O
OH
‘ N\/\./Cl
N

O
(3)-1-Chloro-3-phthalimido-2-propanol

U.S. Pat. No. 6,875,875 discloses a process for the
preparation of 2-[(25)-oxiran-2-ylmethyl]-1H-1soindole-1,3
(2H)-dione (I) comprising the reaction of phthalimide with
(S)-epichlorohydrin in the presence of an alkali metal car-
bonate, an alkali metal hydrogen carbonate or a quaternary
ammonium salt to get (S)-1-chloro-3-phthalimido-2-propa-
nol which 1s cyclized in the presence of metal alkoxides.
This process 1s schematically shown as below:

0
7

NH
A

O

Phthalimide

O,
V\ Cl
-

Alkali metal carbonate or
a quaternary ammonium salt

oH

=
| NN

AN

O
(5)-1-Chloro-3-phthalimido-2-propanol

lMetal alkoxide

Probably due to the fact that the processes for the syn-
thesis of (S)-glycidyl phthalimide described 1n U.S. Pat. No.
5,608,110 and U.S. Pat. No. 6,875,875 are carried out under
reflux and require high temperatures, the abovementioned
approaches yield low optical purities. Ultimately, this 1ssue
of the prior art processes results in products (linezolid) with
reduced optical purity, and the required purification 1n order
to obtain the desired pure product (such as silica gel column
chromatography) 1s complicated, their industrial application
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it 1s diflicult and generates a large amount of waste. These
problem are 1n particular addressed by the present invention.

Hence, the use of gaseous or aqueous hydro halogen acids
or alkali metal carbonates, alkali metal hydrogen carbonate
or a quaternary ammonium salt may not feasible and not
economical for industrial production 1n the preparation of
(S)-glycidyl phthalimide,

In their search of an eco-friendly, industrial feasible
process for preparing (S)-glycidyl phthalimide our inventors
surprisingly came across the benefits of using primary or
secondary amines in the condensation reaction. None of the
above prior-art processes teaches or suggests the use of
primary or secondary organic bases for the preparation of
(S)-glycidyl phthalimide

There 1s consequently a need for an alternative method for
the preparation of Linezolid and its intermediates, which
does not involve the problems described above. Therefore,
there 1s a need 1n the art for a simple and facile process for
the synthesis of Linezolid, and our inventors have developed
a cost-eflective and industrially viable process.

OBJECTIVE OF THE INVENTION

The main objective of the present invention 1s to provide
a cost-ellective and commercially feasible process for the
preparation ol Linezolid.

Another objective of the present invention 1s to provide a
process for the preparation of the (S8)—N-[[3-[3-fluoro-4-
[4-morpholinyl]phenyl]-2-oxo0-5-oxazolidinyl jmethyl]
phthalimide and (S)-glycidyl phthalimide intermediates,
which employs less expensive, easily available and eco-
friendly reagents.

SUMMARY OF THE INVENTION

In one aspect of the present mmvention an improved
process for the preparation of (S)—N-[[3-[3-Tluoro-4-[4-
morpholinyl]phenyl]-2-oxo0-5-0xazolidinyl|methyl [phthal-
imide of formula (VI) 1s provided

VI

N\ D
\ /NVNQVP?@

which comprises reacting a carbamate compound of formula
(111}

(I11)

O/ \N4<_>7NH .
\__/ \ /
/

wherein R represents hydrogen, C,-C; alkyl, aryl, aralkyl;
with (S)-glycidyl phthalimide of formula (IX)
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(IX)

o N

>~
AT

N

in the presence of alkali metal 10dides (or) metal hydndes

(or)
in the presence of lithium tertiary butoxide in the range
0.2-0.4 mole equivalents based on carbamate compound of

formula (III)

In another aspect the present imvention provides an
improved process for the preparation of the compound of
tformula (I) comprising the steps of;

a) reacting the compound of formula (III) with (S)-
Glycidyl Phthalimide of formula (IX) in the presence of
alkali metal 10dides (or) metal hydrides to give a
compound of formula (VI)

b) subjecting the compound of formula (VI) with aqueous
methyl amine or hydrazine hydrate,

¢) acylating the product of step b), and

d) 1solating the compound of formula (I).

The above synthetic process 1s 1llustrated by the following
Scheme

O
O

%N

0
— >—OR
O N NH &) -
\ / TEA, EA
F

[11

O
/ P~o °©
O MeNH,
O N N () -
\ / N MeOH, H,O
b O
VI
O
/ \ >\ O ACgO
O N N (S) -
\ / NH, | MeOH, MDC
— F —

o
o\_/NAQ—N\/]{/ N

Linezolid

R = alkyl or aryl

In yet another aspect the present imnvention provides an
improved process for the preparation of 2-[(2S)-oxiran-2-
ylmethyl]-1H-1soindole-1,3(2H)-dione of {formula (IX)
comprising the steps of:
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a) reacting 1H-1soindole-1,3(2H)-dione or phthalimide
with (S)-epichlorohydrin 1n the presence of an organic
base 1 an organic solvent to obtain (S)-1-chloro-3-
phthalimido-2-propanol.

O

Organic base/

=4

Oy, Organic solvent
N+ M\ cl .

(8)-(+)-Epichlorohydrin

AN

Phthalimide

O
H

‘ N\/:\/Cl

g

=4
AN

O

(5)-1-Chloro-3-phthalimido-
2-propanol

Wherein, the organic base 1s a primary or a secondary
alkyl amine having 1-5 carbon atoms.

b) (8)-1-chloro-3-phthalimido-2-propanol i1s cyclized 1n
the presence of an alkali metal alkoxide to obtain
2-[(2S)-ox1ran-2-ylmethyl]-1H-1soindole-1,3(2H)-di-
one

H

=4

-I|l|||:::|

Cyclization

N Cl -
S ‘ NN

O

(5)-1-Chloro-3-phthalimido-
Z2-propanol

t‘ﬂo
N /\I

O

2-|(28)-Oxiran-2-ylmethyl]-1H-1soindole-
1,3(2H)-dione (1)

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

An embodiment of the present invention provides an
improved process lfor the preparation of (S5)—N-[[3-[3-
fluoro-4-[4-morpholinyl |phenyl]-2-ox0-5-0xazolidinyl |A
methyl] phthalimide of formula (VI)
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VI

which comprises reacting the carbamate compound of for-
mula (III)

O/_\N NE_ .
\__/ Q

wherein R represents hydrogen, C,-C. alkyl, aryl, aralkyl;
with (S)-glycidyl phthalimide of formula (IX)

0
0 Z ‘
N
NN
0

in the presence of alkali metal 10dides (or) metal hydndes
(or)

in the presence of lithium tertiary butoxide used in the range
0.2-0.4 mole equivalents based on the carbamate compound
of formula (III)

In another embodiment, the reaction 1s carried using an
alkali metal 1odide and i1n the presence or absence of a
solvent at a temperature in the range of 60 to 120° C. The
reaction 1s carried out for a period of 10 to 14 hours.

In another embodiment, the reaction 1s carried using a
lithium tertiary butoxide used in the range 0.2-0.4 mole
equivalents 1n the presence of a suitable solvent at a tem-
perature 1n the range of 40 to 100° C. The reaction 1s carried
out for a period of 4 to 12 hours.

According to an embodiment of the present invention, the
suitable alkali metal 1odides are selected from lithium
iodide, sodium 1odide, potassium 1odide and the like; the
suitable solvent 1s selected from alcohols such as methanol,
cthanol, 1sopropyl alcohol, and the like or mixture thereof;
ketones, such as methyl 1sobutyl ketone, methyl ethyl
ketone, n-butanone, and the like; halogenated solvents, such
as dichloromethane, ethylene dichloride, chloroform, and
the like; esters, such as ethyl acetate, n-propyl acetate,
1sopropyl acetate, and the like; hydrocarbon solvents, such
as toluene, xylene, cyclohexane, and the like; ethers, such as
1,4-dioxane, tetrahydrofuran, and the like; and amides such
as N,N-dimethylformamide, N,N-dimethyl acetamide and
the like or dimethylsulfoxide or mixture of solvents thereof.

In yet another embodiment of the present invention is the
improved process for the preparation of the compound of
tformula (I) comprises the steps of;

(I11)

(IX)
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a) reacting the compound of formula (III) with (S)-
Glycidyl phthalimide of formula (IX) 1n the presence of
an alkali metal 1odide or a metal hydride to give a
compound of formula (VI),

b) subjecting the compound of formula (VI) with aqueous

methyl amine or hydrazine hydrate,

¢) acylating the product of step b), and

d) 1solating the compound of formula (I).

According to an embodiment of the present invention, the
reaction between the compound of formula (III) with (5)-
Glycidyl phthalimide of formula (IX) 1s carried out in the
presence of a suitable alkali metal 1odide (or) a metal
hydride and a solvent at a suitable temperature to give a
compound of formula (VI); this compound 1s subjected to
deprotection with hydrazine hydrae (or) agqueous methyl
amine to give (S)-S-aminomethyl-3-(3-fluoro-4-morpholin-
4-yl-phenyl)-oxazolidin-2-one, which 1s subsequently acy-
lated with acetic anhydride or acetyl chloride to give (S)—
N-[[3-(3-fluoro-4-morpholinylphenyl)-2-0x0-5-
oxazolidinyllmethyl] acetamide (Linezolid) of formula I.

According to an embodiment of the present invention, the
reaction between the compound of formula (III) with (5)-
glycidyl phthalimide of formula (IX) 1s carried out 1n the
presence of a suitable metal hydride and a solvent at a
suitable temperature to give a compound of formula (VI);
the reaction 1s completed within a shorter time span and
provides good quantity of yield and high purity

According to an embodiment, the alkali metal 1odide 1s
selected from lithium 1odide, sodium 1odide, potassium
iodide and the like; the metal hydnde 1s selected from
sodium hydride, lithium hydride or magnesium hydride.

According to an embodiment of the present invention, the
suitable solvent i1s selected from alcohols such as methanol,
cthanol, 1sopropyl alcohol, and the like or mixture thereof;
ketones, such as methyl 1sobutyl ketone, methyl ethyl
ketone, n-butanone, and the like; halogenated solvents, such
as dichloromethane, ethylene dichloride, chloroform, and
the like; esters, such as ethyl acetate, n-propyl acetate,
1sopropyl acetate, and the like; hydrocarbon solvents, such
as toluene, xylene, cyclohexane, and the like; ethers, such as
1.,4-dioxane, tetrahydrofuran, and the like; and amides such
as N,N-dimethylformamide, N,N-dimethyl acetamide and
the like or dimethyl sulfoxide or mixture of solvents thereof

In an embodiment, the present invention further involves
a conversion of the compound of formula (VI) to Linezolid
of formula (I), which involves the conversion of the phthal-
imide compound of formula (VI) to an amine, followed by
acylation to yield Linezolid using conventional methods
known 1n the prior art.

According to one embodiment of the present invention,
the acylation 1s carried out 1n the presence of acetic anhy-
dride or acetyl chloride.

The reaction 1s performed at or below boiling temperature
of the solvent, preferably between 10° C. and boiling
temperature of the solvent and even more pretferably at the
boiling temperature of the solvent. The time required for
completion of the reaction depends on factors such as the
solvent used and the applied temperature.

According to an embodiment, the present invention
relates to an improved process for the preparation of 2-[(25)-
oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-dione of formula
IX comprising the steps of:

a) reacting phthalimide with (S)-(+)-Epichlorohydrin 1n

the presence of an organic base in an organic solvent at
a temperature of 60° C. to obtain (S)-1-chloro-3-phthal-
imido-2-propanol.
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O
Organic base/
7 % O, Organic solvent
‘ NI+ V\ Cl .
\
(S)-(+)-Epichlorohydrin
O
Phthalimide
O
OH
2 z
‘ N\/:\/Cl
N

O

(5)-1-Chloro-3-phthalimido-
2-propanol

wherein, the organic base 1s a primary or a secondary
alkyl amine having 1-5 carbon atoms.

The organic base 1s selected from a primary or a
secondary alkyl amine having 1-5 Carbon atoms
such as methylamine, ethylamine, ethyl methylam-
ine, diethylamine, dipropylamine, dibutylamine,
preferably diethylamine.

The organic solvent 1s selected from the group com-
prising alcohols, ethers, esters, nitriles having C,-C,
carbon atoms; preferably alcohols.

The alcohol 1s selected from methanol, ethanol, propa-
nol, 1sopropanol, butanol; the ether solvents are
selected from diethyl ether, tetrahydrofuran etc.; the
ester solvents are selected from ethyl acetate, methyl
acetate, etc.; nitriles are selected from acetonitrile,
propionitrile, butyronitrile etc.

b) (S)-1-chloro-3-phthalimido-2-propanol 1s cyclized 1n
the presence of an alkali metal alkoxide to obtain
2-[(2S)-ox1ran-2-ylmethyl]-1H-1somndole-1,3(2H)-di-

O1nc
O
OH
7 : Cyclization
| N A -
AN
O
(5)-1-Chloro-3-phthalimido-
Z2-propanol

A\

Q
/{ “1\0
‘ \<N /\I
O

X

2-|(28)-Oxiran-2-ylmethyl |-1 H-1soindole-
1,3(2H)-dione (1)

Cyclization of (S)-1-chloro-3-phthalimide-2-propanol
will produce 2-[(25)-oxiran-2-ylmethyl]-1H-1so1n-
dole-1,3-(2H)-d1one.

Cyclization 1s carried out in the presence of an alkali
metal alkoxide as described in U.S. Pat. No. 6,875,
875.

Linezolid produced according to the present mmvention
may be in amorphous form or in crystalline forms I or II.
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According to the present invention, the compound of
formula (I) or Linezolid has a HPLC purity of not less than
99%.

Advantages of the Present Invention

1. The present invention 1s a simple, operation friendly
and industrially applicable process.

2. The process 1s commercially viable and provides the
compounds 1n high yield, which makes the process cost

cllective

3. The reaction sequence of the present invention 1s
carried out 1n a shorter time span

4. The present ivention provides the compounds of

formulas (I), (VI) and (IX) with high purity and less
impurities.

The process details of the invention are provided in the
examples given below, which are provided by way of
illustration only and therefore should not be construed to
limit the scope of the invention.

Experimental Procedure
Example 1

Preparation of 2-[(25)-oxiran-2-ylmethyl]-1H-1so1n-
dole-1,3(2H)-d1ione

To a suspension of 1H-1soindole-1,3(2H)-dione (100 g,
0.68 moles) and methylamine (10 g) 1n 1sopropanol (200
ml), S-epichlorohydrin (100 g 1.08 moles) was added and
the mixture was heated to 60° C. and maintained for 5 h at
the same temperature. 30% Sodium methoxide 1n methanol
(160 g) was added portion wise at 10-15° C. to the reaction
mass, the temperature was raised to 25-30° C. and the
reaction mass was stirred for 2-3 h at the same temperature.
After completion of the reaction, water (600 ml) was added,
the reaction mixture was stirred for 10 min, the solid was
filtered ofl and washed with water to obtain the title com-

pound.
Weight: 107 g (77.5%)

Example 2

Preparation of 2-[(25)-oxiran-2-ylmethyl]-1H-1so1n-
dole-1,3(2H)-d1ione

To a suspension of 1H-1soindole-1,3(2H)-dione (100 g,
0.68 moles) and diethyl amine (10 g) 1n ethanol (200 ml),
S-epichlorohydrin (100 g 1.08 moles) was added and the
mixture was heated to 60° C. and maintained for 5 h at the
same temperature. 30% sodium methoxide 1n methanol (160
g) was added portion wise at 10-15° C. to the reaction mass,
the temperature was raised to 25-30° C. and the reaction
mass was stirred for 2-3 h at the same temperature. After
completion of the reaction, water (600 ml) was added, the
reaction mixture was stirred for 10 min, the solid was filtered
ofl and washed with water to obtain the title compound.

Weight: 107 g (77.5%)

Example-3

Preparation of (5)-2-[3-(3-fluoro-4-morpholin-4-
ylphenyl)-2-oxo0-oxazolidin-5-ylmethyl|-1soindole-1,
3-dione

A mixture of methyl (3-fluoro-4-morpholinophenyl) car-
bamate (50 g, 0.196 moles) 1n ethyl acetate (100 ml) was
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stirred for 10 min at a temperature of 25 to 30° C. 2-[(2S)-
oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-dione (350 g,
0.246 moles) and lithium tertiary butoxide (5.0 g, 0.0624
moles) were added 1n one lot at a temperature of 25 to 30°
C., and the temperature was slowly raised to 70-75° C. and
maintained for about 6-8 hrs. The reaction mixture was

cooled to ambient temperature, ethyl acetate (50 ml) was
added, and the resultant slurry was stirred for 30 min at a
temperature ol 25-30° C. The solid was filtered ofl. The
resultant crude solid was added to ethyl acetate (250 ml) at
a temperature of 25-30° C. and heated to 70-75° C. The
slurry was stirred for 15-20 min, cooled to 235-30° C. and
stirred for 30 min. The obtained solid was filtered and
washed with ethyl acetate (50 ml) to get pure (55)2-[3-(3-
fluoro-4-morpholin-4-yl-phenyl)-2-oxo-oxazolidin-1soin-

dole-1,3-dione. Yield: 70 g (85% vields on theoretical)

Example-4

Preparation of (S)-2-[3-(3-fluoro-4-morpholin-4-
ylphenyl)-2-o0xo0-oxazolidin-5-ylmethyl]-1soindole-1,
3-dione

A mixture of methyl (3-fluoro-4-morpholinophenyl) car-
bamate (30 g, 0.196 moles) 1n dimethyl formamide (75 ml),
2-[(2S)-ox1ran-2-ylmethyl]-1H-1soindole-1,3(2H)-dione (50
g 0.246 moles) and lithium tertiary butoxide (5.0 gm,
0.0624 moles) was heated to 70-75° C. and maintained at the
same temperature for about 4-6 hrs. The reaction mixture
was allowed to cool to 26° C., methanol (250 ml) was added
and the slurry was stirred for 30 min at 25-30° C. The
resultant solid was filtered and washed with methanol (50
ml). The obtained crude solid was recrystallized with ethyl
acetate to get pure (55)-2-[3-(3-Fluoro-4-morpholin-4-yl-
phenyl)-2-oxo-oxazolidin-1soindole-1,3-dione. Yield: 65 g
(77.7%)

Example-5

Preparation of (S)-2-[3-(3-fluoro-4-morpholin-4-
ylphenyl)-2-oxo0-oxazolidin-5-ylmethyl]-1soindole-1,
3-dione

To a mixture of methyl (3-fluoro-4-morpholinophenyl)
carbamate (100 g, 0.392 moles), in dimethyl formamaide
(200 ml) 2-[(25)-oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-
dione (100 g, 0.492 moles) and lithium tertiary butoxide (5.0
om, 0.0625 moles) were added 1n one lot at a temperature of
25 to 30° C. The temperature was raised to 80-85° C. and
maintained for about 4-6 hrs. The reaction mixture was
cooled to ambient temperature, followed by addition of
purified water (500 ml) and stirred for 30 min at 25-30° C.
The resultant solid was filtered off and washed with purified
water (100 ml). The obtained crude solid was recrystallized
from ethyl acetate to get pure (55)-2-[3-(3-fluoro-4-mor-
pholin-4-yl-phenyl)-2-oxo-oxazolidin-1soindole-1,3-dione.
Yield: 140 g (85%)

Example-6

Preparation of (5)-2-[3-(3-fluoro-4-morpholin-4-
ylphenyl)-2-oxo0-oxazolidin-5-ylmethyl]-1soindole-1,
3-dione

To a mixture of methyl-(3-fluoro-4-morpholinophenyl)
carbamate (20 g, 0.0784 moles), 2-[(25)-oxiran-2-ylm-

cthyl]-1H-1soindole-1,3(2H)-dione (20 g, 0.0984 moles) 1n

5

10

15

20

25

30

35

40

45

50

55

60

65

18

dimethyl formamide (80 ml) sodium 10dide (4.0 g) was
added 1n one lot at a temperature of 25 to 30° C., and the
temperature was slowly raised to 110-115° C. The reaction
mixture was maintained at 110-115° C. for about 6 to 8 hrs
and cooled to ambient temperature. Water (200 ml) was
added, the mixture was stirred for 30 min at a temperature
of 25-30° C. and the solid was filtered off. The obtained
crude solid was recrystallized from methanol (20 ml) to get
pure (55)2-[3-(3-Fluoro-4-morpholin-4-yl-phenyl)-2-0oxo-
oxazolidin-1soindole-1,3-dione. Yield: 25 g (75%)

Example-7

Preparation of (S) 2-[3-(3-fluoro-4-morpholin-4-
ylphenyl)-2-0xo0-oxazolidin-5-ylmethyl]-1soindole-1,
3-dione

To a mixture of methyl (3-fluoro-4-morpholinophenyl)
carbamate (25 g, 0.098 moles) 1n tetrahydrofuran (350 ml)
2-[(2S)-oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-dione (25
g, 0.123 moles) was added and the mixture was stirred for
10 min at a temperature of 25 to 30° C.; followed by lot wise
addition of sodium hydride (1.2 gm, 0.05 moles) at 25 to 30°
C. The temperature was slowly raised to 50-60° C. and
maintained at the same temperature for about 2-3 hrs. The
reaction mass was cooled to below 20° C., quenched with 25
ml methanol to decompose the excess sodium hydride. The
solvent was distilled off and methanol was added (125 ml).
The resulting slurry was stirred for 30 min at 25 30° C. and
filtered. The obtained solid was taken 1nto ethyl acetate (125
ml) and the slurry was heated to 70-75° C., stirred for 15-20
min, cooled to 25-30° C. and filtered. The resulting solid was
washed with ethyl acetate (25 ml) to get the pure (5S)-2-
[3-(3-fluoro-4-morpholin-4-yl-phenyl)-2-oxo-oxazolidin-
1soindole-1,3-dione. Yield: 34 g (77%)

Example-8

Preparation of (S)-2-[3-(3-Fluoro-4-morpholin-4-
ylphenyl)-2-0xo0-oxazolidin-5-ylmethyl]-1soindole-1,
3-dione

To a mixture of methyl (3-fluoro-4-morpholinophenyl)
carbamate (25 g, 0.098 moles) in N,N-dimethyl formamide
(50 ml) 2-[(25)-oxiran-2-ylmethyl]-1H-1soindole-1,3(2H)-
dione (25 g, 0.123 moles) was added and stirred for 10 min
at a temperature of 25 to 30° C.; followed by a lot wise
addition of sodium hydride (1.2 gm, 0.05 moles) at 25 to 30°
C. The temperature was slowly raised to 50-60° C. and
maintained for about 2-3 hrs. The reaction mass was cooled
to below 20° C., quenched with 25 ml methanol to decom-
pose the excess sodium hydride. Further methanol (125 ml)
was added and the resulting slurry was stirred for 30 min at
25-30° C. and filtered. The obtained solid was taken into
cthyl acetate (125 ml) and heated to 70-75° C. The slurry
was stirred for 15-20 min, cooled to 25-30° C. and filtered.
The resultant solid was washed with ethyl acetate (25 ml) to
get pure (55)-2-[3-(3-fluoro-4-morpholin-4-yl-phenyl)-2-
oxo-oxazolidin-1soindole-1,3-dione. Yield: 32 g (75%)

Example-9

Preparation of N-({(5S)-3-[3-fluoro-4-(morpholin-4-
y1) phenyl]-2-ox0-1,3-0xazolidin-5-yl} methyl)
acetamide (Linezolid)

To a mixture of methanol (100 ml), DM water (400 ml)
and (S) 2-[3-(3-fluoro-4-morpholin-4-yl-phenl)-2-0x0-0x%-
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azolidin-5-ylmethyl]-1soindole-1,3-dione (100 g, 0.212
moles) a methyl amine solution (47 g) was added at a
temperature of 25-30° C. The reaction mixture was stirred
and the temperature was slowly raised to 80-85° C. and
maintained for 2-3 hours. The reaction mixture was cooled
to 25-30° C. and dichloromethane (500 ml) was added. The
reaction mixture was stirred for 15 min and the layers were
separated. MDC was distilled out completely under atmo-
spheric pressure to get the residual product (5S)-5-(amino
methyl)-3-[3-fluoro-4-(morpholin-4-yl) phenyl]-1,3-oxazo-
lidin-2-one. Dichloromethane (400 ml) was added to the
residue and acetic anhydride (25 g) was slowly added at a
temperature of 25-30° C. over a period of 60 min. After
completion, 5% aqueous sodium bicarbonate solution was
slowly added to the reaction mixture. After stirring for 15
min the two layers were separated. The dichloromethane
layer was washed with DM Water (200 ml). The dichlo-
romethane layer was {filtered through hyflo and the solvent
was distilled off completely under vacuum below 40° C.
Cyclohexane (500 ml) was added to the residue and heated
to 45-50° C. The obtained slurry was cooled to 20-25° C.
and stirred for 60 min. filtered the solid, washed with
cyclohexane (200 ml) and dnied the solid at 45-35° C. to
furnish pure crystalline N-({(5S)-3-[3-fluoro-4-(morpholin-
4-yl)phenyl]-2-ox0-1,3-oxazolidin-5-yl }methyl)acetamide
(Linezolid) (53 g 75%).

Example-10

Preparation of N-({(5S)-3-[3-fluoro-4-(morpholin-4-
yl) phenyl]-2-0x0-1,3-0xazolidin-5-yl} methyl)
acetamide (Linezolid)

To a mixture of methanol (100 ml), DM water (400 ml)
and (S) 2-[3-(3-fluoro-4-morpholin-4-yl-phenyl)-2-0x0-0x-
azolidin-5-ylmethyl]-1soindole-1,3-dione (100 g, 0.212
moles) hydrazine hydrate (350 g) was added at a temperature
of 25-30° C. The mixture was stirred and the temperature
was slowly raised to 70-75° C. and maintained for 2-3 hours.
The reaction mixture was cooled to 25-30° C. and dichlo-
romethane (250 ml) was added. The reaction mixture was
stirred for 15 min and the two layers were separated. MDC
was distilled off completely under atmospheric pressure to
get the residual product (55)-5-(aminomethyl)-3-[3-fluoro-
4-(morpholin-4-yl) phenyl]-1,3-oxazolidin-2-one. Dichlo-
romethane (200 ml) was added to the residue and acetic
anhydride (13 g) was slowly added at 25-30° C. over a
period of 60 min. The reaction mixture was stirred for 60
min at 25-30° C. After completion of the reaction, 5%
aqueous sodium bicarbonate solution was slowly added to
the reaction mixture, which was stirred for 15 min. The two
layers were separated. The dichloromethane layer was
washed with water (100 ml). The dichloromethane layer was
filtered through hyflo and the solvent was distilled off
completely under vacuum below 40° C. Cyclohexane (250
ml) was added to the residue and the mixture was heated to
45-50° C. The slurry obtained was cooled to 20-25° C. and
stirred for 60 min. The solid was filtered and the solid
washed with cyclohexane (100 ml) and dried at 45-55° C. to
furnish pure crystalline 55 g of N-({(5S)-3-[3-fluoro-4-
(morpholin-4-yl)phenyl]-2-ox0-1,3-0xazolidin-5-y1}
methyl)acetamide (Linezolid).

Example 11

Preparation of N-({(5S)-3-[3-fluoro-4-(morpholin-4-
yl) phenyl]-2-0x0-1,3-0xazolidin-5-yl} methyl)
acetamide (Linezolid)

Methyl amine solution (50 g) was added to a mixture of
methanol (100 ml), DM water (400 ml) and (55) 2-[3-(3-

5

10

15

20

25

30

35

40

45

50

55

60

65

20

Fluoro-4-morpholin-4-yl-phenyl)-2-oxo-oxazolidin-5-ylm-

cthyl]-1soindole-1,3-dione (100 g 0.235 moles) at a tempera-
ture of 25-30° C. The reaction mixture was stirred and the
temperature was slowly raised to 80-85° C. and maintained
for 2-3 hours. The reaction mixture was allowed to cool to
25-30° C., dichloromethane (500 ml) was added and the
mixture was stirred for 15 min to separate the layers.
Purified water (500 ml) was added to the MDC layer and the
mixture was acidified to pH 2.0-3.0 with dilute hydrochloric
acid and stirred for 10-15 min. The two layers were sepa-
rated and basified with aqueous ammonia to pH 10.0-11.0 to
separate the MDC layer. The solvent of the 1solated organic
layer was distilled off completely under atmospheric pres-
sure to get the residual product of (55)-5-(amino methyl)-
3-[3-fluoro-4-(morpholin-4-yl)  phenyl]-1,3-oxazolidin-2-
one. Dichloroinethane (400 ml) was added to the residue and
acetic anhydride (25 g) was slowly added at 25-30° C. over
a period of 60 min. The reaction mixture was stirred for 60
min at 25-30° C. After completion of reaction, 5% aqueous
sodium bicarbonate solution was slowly added to the reac-
tion mixture, which was stirred for 15 min. The two layers
were separated and the dichloromethane layer was washed
with DM Water (200 ml). The dichloromethane layer was

filtered through hiflo and dichloromethane was distilled off

completely under vacuum below 40° C. Cyclohexane (500
ml) was added to the residue and the mixture was heated to
45-30° C. The slurry obtained was cooled to 20-25° C. and
stirred for 60 min. The solid obtained was filtered, washed
with cyclohexane (200 ml) and dried at 45-55° C. to furnish
pure crystalline N-({(5S)-3-[3-fluoro-4-(morpholin-4-yl)
phenyl]-2-0x0-1,3-0xazolidin-5-y1} methyl)acetamide (Lin-
ezolid) (53 g, 75%).

We claim:

1. A process for the preparation of the compound of
formula (I)

O~

/

()

O>\\O
\J\/NT%

comprising the steps of
a) reacting a compound of formula (III) with (S)-
Glycidylphthalimide of formula (IX) 1n the presence
of an alkal1 metal 10dide or a metal hydride to give
the compound of formula (VI)

(I11)

(IX)
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-continued
VI

wherein R represents hydrogen, C,-C. alkyl, aryl, or
aralkyl
b) treating the compound of formula (VI) with aqueous
methyl amine or hydrazine hydrate, 15
¢) acylating the product of step b) with an acylating
agent, and
d) 1solating the compound of formula (I).

2. The process according to claim 1, wherein the alkali
metal 10dide 1s selected from the group consisting of lithium 20
1odide, sodium 1odide and potassium 1odide; wherein the
metal hydride 1s selected from the group consisting of
lithium hydride, sodium hydride and magnesium hydrnde;
and wherein the acylating agent 1s selected from the group
consisting of acetic anhydride and acetyl chloride. 75

3. The process according to claim 1, wherein step a) 1s
carried out in the presence of a solvent selected from the
group consisting of alcohols, ketones, halogenated solvents,
esters, hydrocarbon solvents, ethers, amides, and dimethyl
sulfoxide. 30

22
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