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ABSTRACT

A New and alternate syntheses of Linezolid, an antibacterial agent are reported from by
employing two different approaches and finalized the meritorious one. The key step in both the
approaches involves N-alkylation of 3-fluoro-4-morpholinobenzenamine 3 with respective
compounds by changing the leaving functionalities on other end and followed by functional
group transformations yielded an antibacterial agent Linezolid. Among the both, later is more
efficient one with respect to improved overall yield, easy process and less number of steps.

Keywords: Linezolid, antibacterial, 4-(chloromethyl)-2, 2nukthyl-1, 3-dioxolane, N-
alkylation, Mitsunobu conditions.

INTRODUCTION

2-Oxazolidinones have been remarkable antimicrobgnts, which act against numerous
multidrug-resistant Gram-positive organisifld. Linezolid (, Figure 1) as the promising
candidate of this family works effectively againstimerous serious Gram-positive human
pathogens such as methicillin-resistéaphylococcus aureus (MRSA) and Vancomycin-
resistanenterococcus (VRE) [2].

Several methods are reported in the literatureéhfersynthesis of linezolid. Brickner S J reported
a route to linezolid with good vyielf8]. However, in this method for the synthetic keypste
form 2-oxazolidinone ring, severe typical condigsomcluding cryogenic conditions-{8 °C)
and air-sensitive bas@-BuLi) were used which limit industrial preparatidrohray presented
another possibility to linezolidia asymmetric bis-epoxide using-mannitol as a starting
material[4]. However, the synthetic route was very long.
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Another method was also reported in the literatiagting from §)-glyceraldehyde acetonide
and 3-fluoro-4-morpholinobenzenamifig]. However, the stability of bothS(-glyceraldehyde
acetonide and respective condensed product (igesniestricts its application [5,7]. We aimed
to identify an alternate synthetic method, by conicey the yields and mild reaction conditions
to synthesize Linezolid starting from stable reatdauch as 3-fluoro-4-morpholinobenzenamine
3 and chloro compound 4-(chloromethyl)-2,2-dimethyd-dioxolane.

0
/7 N\ >\o
0 N N
__/ \/K/NHAC
F
LINEZOLID, 1

Figure 1

MATERIALS AND METHODS

Melting points were determined on Buchi 540 melgpant apparatus and are uncorrected. FT-
IR spectra were recorded as KBr pellet on Nicoldd FT-IR instrument (Model Thermo
Electron Corporation-Spectrum One)d and **C NMR (proton decoupled) spectra were
recorded on Varian 400 MHz spectrometer using DMBCGind CDC{ as solvent, and
tetramethylsilane (TMS) as internal standard. Msgsctra were recorded on Agilent triple
guadrupole mass spectrometer equipped with turbepoay interface at 375°C. All the organic
extracts were dried over sodium sulfate after wauk-

The dry reactions were carried out under nitrogemaphere with magnetic/mechanical stirring.
Unless otherwise mentioned, all the solvents argjeets used were of LR grade. TLC was
performed on precoated silica-gel plates, whicheweésualized using UV light and sulphuric
acid/ethanol (5:95) charring. Flash column-chromgedphy was carried out on silica gel (230-
400 mesh) unless otherwise stated.

Preparation of (S)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane, (2). To a solution of(S)-
epichlorohydrin (50.0 g, 0.540 mol) and Acetone (500 mL);EBFE®L (0.5 mL) was added at O
°C. After stirring for 1 h, the reaction mixture svaeated to 40 °C and again stirred for 5 h, After
concentration under reduced pressure to give contp()-2 as colorless oil (65.12 g); yield
80%; [a]*> = — 35.9 € = 5.3, Bz);'H NMR (CDCl): & 4.3-4.34 (m, 1H), 4.10-4.15 (m, 1H),
3.87-3.91 (m, 1H,) 3.56-3.61 (m, 1H), 3.50 (m, 1H}5 (s, 3H), 1.37 (s, 3H); IR (neat): 2988,
1066, 845 crit; ESI-MS:m/z (M*+1) 151.0.

Preparation of 3-Fluoro-N-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-4-morpho ino
benzenamine, (4) To a stirred solution ofS)-2 (10.0 g, 0.066 mol) and 3-fluoro-4-morpholino
benzenamine (26.0 g, 0.132 mol) was adde@® (27.6 g, 0.20 mol), TBAI (0.1 g) and Nal
(0.1 g) at RT. The mixture was heated to 130 °CZ#rh. After completion of the reaction,
cooled the reaction mass to RT, diluted with w#1€0 mL) and extracted with ethyl acetate
(150 mL). The organic layer was dried over with yrous NaSQ,, filtered and solvent was
removed under reduced pressure. The resulted ccodgound was purified by column
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chromatography using silica gel (EtOAa-hexane) gave compour(®)-4 as colorless oil
(11.0 g); yield 70%; q]*%> = 1.7 € = 4.54, CHC}); 'H NMR (CDCl): 5 6.84 (t, 1H), 6.39 (m,
2H), 4.35 (m, 1H), 4.09 (dd, 1H), 3.84 (t, 4H),3(dd, 1H), 3.24 (dd, 1H), 3.13 (dd, 1H), 2.95
(br s, 4H), 1.44 (s, 3H), 1.37 (s, 3H); IR (KBr4RL, 1459, 1073 cih) ESI-MS: m/z (M*-1)
309.0.

Preparation of (R)-3-(3-fluoro-4-morpholinophenyl)-5-(hydroxyl methyl) oxazolidin-2-one,
(6). To a solution of compoun(R)-4 (10.0 g, 0.032 mol) in Methanol (50.0 mL), PTSAXD,
0.0063 mol) was added and the mixture was stirted@m temperature for 5 h, then added
K,COs (1.3 g, 0.0096). The mixture was cooled to 0 °@ &eated lot wise with CDI (7.8 g,
0.048 mol) for 10 min. After being stirred for 8ah room temperature, water was added (50.0
mL), organic phase was separated, and the aquayerswas extracted with DCM (50 mL). The
combined organic phase was washed with water (2bandl dried over anhydrous }&0,. The
solvent was evaporated at reduced pressure, andgiteie was purified by crystallization from
ethyl acetate and hexane to provig®-6 as a solid (7.79 g); Yield 82% frody mp 114-116C,
[0]?% = =53° € = 0.69, CHCY); *H NMR(CDCL): § 7.47 (dd, 1H), 7.12 (d, 1H), 7.00 (br s, 1H),
4.75 (m, 1H), 3.95 (m, 3H), 3.88 (t, 4H), 3.76 {44), 3.08 (t, 4H), 2.35 (br s, 1H); IR (KBr):
3314, 1745 ch ESI-MS:m/z (M*+1) 297.0.

Preparation of 2-(((S)-3-(3-fluoro-4-morpholinophenyl)-2-oxooxazolidin-5yl)methyl) Iso
indoline-1,3-dione, (7). To a solution of (R)-6 (5.0 g, 0.0168 mol) in THF (25.0 mL),
phthalimide (3.22 g, 0.021 mol), PP{5.7 g, 0.021 mol), the solution was cooled t8@and
added DEAD (3.81 g, 0.021 mol) drop wise, the migtwas stirred at room temperature for 3 h.
After the completion of the reaction, water wasetld50.0 mL), organic phase was separated
and the aqueous layer was extracted with ethylate€b0 mL). The combined organic phase
was washed with water (25 mL) and dried over anbysiNaSO,. The solvent was evaporated
at reduced pressure to provide compo(®)7 as a solid (5.1 g); yield 72%; mp 205-207°8;
NMR (CDCk): 6 7.87-7.91 (m, 2H), 7.76-7.80 (m, 2H), 7.39-7.45 1#i), 7.10-7.13 (d, 1H),
6.89-6.95 (t, 1H), 4.96-5.00 (m, 1H), 3.94-4.19 @Hi), 3.86-3.89 (t, 4H), 3.03-3.07 (t, 4H); IR
(KBr): 3099.3, 2962.2, 1752.3, 1711.3, 1217.8'¢crESI-MS:mVz (%) 426.2 (100, M+1).

Preparation of (S)-5-(amino methyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-one, (8).

To a solution of(S)-7 (20.0 g, 0.047 mol) in methanol (100.0 mL), hydmnazhydrate (13.0 g,
0.260 mol) added. The solution was heated to refimd maintained for 2 h. After the
completion of the reaction, cooled to 0 °C and watas added (100 mL) the phase was
separated and extracted with DCM (100 mL). The doetb organic phase was washed with
water (50 mL) and dried with anhydrous J8&,. The solvent was evaporated at reduced
pressure to providés)-8 as a solid (11.0 g) yield 79%4 NMR (CDCk): & 7.44-7.49 (dd, 1H),
7.12-7.15 (dd, 1H), 6.90-6.96 (t , 1H), 4.04 - 4(69 1H), 3.98-4.04 (t, 1H), 3.85-3.89 (t, 4H),
3.79 -3.84 (dd, 1H), 3.09-3.14 (dd, 1H), 3.03-3(0@!H), 2.94-3.0 (dd, 1H), 1.49 (br s, 2H); IR
(KBr): 3404, 2958, 1726, 1229 ¢mMESI-MS:m/z (%) 296 (100, NH+1).

Preparation of N-(((S)-3-(3-fluoro-4-morpholinophenyl)-2-oxooxazolidin-5yl) methyl)

acetamide, 1 (Linezolid).To a solution of(S)-8 (10.0 g, 0.033 mol) in toluene (150.0 mL),
acetic anhydride (10.0 g, 0.097 mol) added drowi$e solution was maintained at RT for 2
hr. after reaction mass cooled to 0 °C and filterBae resulted solid was recrystalized from
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methanol to provide Linezolid as a solid (8.55 gyield 75%; mp 182-183 °C'H NMR
(CDCl): 67.43-7.48 (d, 1H), 7.06-7.10 (d, 1H), 6.90-6.961¢), 5.96 (s, 1H), 4.74-4.79 (m,
1H), 4.00-4.06 (t, 1H), 3.56-3.77 (m, 3H), 3.04B(Q 4H), 2.03 (s, 3H):°C NMR (DMSO4ds):
0224 41.4, 47.3, 50.6, 66.1, 71.5, 106.4, 114.0, 1183B.3, 135.5, 154.0, 156.2, 170.0; IR
(KBr): 3342, 2, 1741, 1660 chESI-MS:m/z (%) 338.18 (100, M+1).

Preparation of N-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)acetamide(3). To a solution

of (R)-2 (100.0 g, 0.664 mol) in DMSO (1000.0 mL), Potassiwydroxide (111.3 g, 1.992 mol),
TBAI (24.5 g, 0.066 mol) and Acetamide (39.2 g63 mol) added. The solution was heated to
90 °C and maintained for 12 h. After the completadrthe reaction, cooled to 0 °C and water
was added (1000 mL) the phase was separated aradtext with Ethyl acetate (2 x 1000 mL).
The combined organic phase was washed with wat@® (GL) and dried with anhydrous
NaSOQs. The solvent was evaporated at reduced pressypeotade (S)-3 as a liquid (97.0 g)
yield 85%;'H NMR (CDCh):  5.80 (s, 1H), 4.30 (m, 1H), 4.10 (dd, 1H), 3.8d,(&iH), 3.70
(dd, 1H), 2.30 (dd, 1H), 2.00 (s, 3H), 1.43 (s, 1HB5 (s, 3H);IR (KBr): 3341, 1654, 1077 cm

L ESI-MS:mVz (%) 174 (M+1).

Preparation of N-((S)-2,3-dihydroxypropyl) acetamide, (4).To a solution of(S)-3 (80.0 g,
0.462 mol) in methanol (800.0 mL), PTSA (39.7 g231 mol) added. The solution was
maintained for 4 h at 25-3XT. After the completion of the reaction, Most of tlleOH was then
evaporated, and the residue was taken up in Et@B@ (L), washed with satd. NaHg@nd
brine, dried with anhydrous MaO, and concentrated. Chromatography of the produdilara
gel, eluting with [EtOAC/MeOH] (20:1), solvent wasaporated at reduced pressure to provide
(9)-4 as a liquid (43.0 g) yield 70 %H NMR (D,0): 5 3.80 (m, 1H), 3.60 (m, 2H), 3.40 (m,
1H), 3.20 (m, 1H), 2.09 (s, 3H)R (KBr): 3408, 1716 cif; ESI-MS:m/z (%) 134 (M+1).

Preparation of N-((R)-3-(3-fluoro-4-morpholino  phenyl amino)-2-hydroxypropyl)
acetamide, (5). p-Toluenesulfonyl chloride (78.7 g, 0.413mol) wasled to a solution of the
(9)-4 (50.0 g, 0.375 mol) in dry pyridine (250 ml) at’0. After 15 mins the solution was
warmed to 25-36C and stirred for 4 h. Morp-toluene sulfonyl chloride (4.0 mg) was added
and the mixture stirred for 2 h. The latter waseatl@-fluoro-4-morpholino benzenamine (66.3
g, 0.33 mol) in dry pyridinén-situ and the mixture stirred for 12 h at 25%0 Then evaporated
Pyridine completely and the residue was taken ugt®Ac (200 mL), washed with water and
brine, dried with anhydrous Ma0O, and concentrated. Chromatography of the produdilara
gel, eluting with [EtOAC/Hexane] (80:20), solventasvevaporated at reduced pressure to
provide (R)-5 as a solid (91.2 g) yield 78 % NMR (CDCk): & 7.43-7.48 (d, 1H), 7.06-7.10
(d, 1H), 6.90-6.96 (t, 1H), 5.96 (s, 1H), 4.74-4(#8 1H), 4.00-4.06 (t, 1H), 3.56-3.77 (m, 3H),
3.04-3.07 (t, 4H), 2.03 (s, 3H); ESI-M&/z (%) 312 (M+1).

Preparation of N-(((S)-3-(3-fluoro-4-morpholinophenyl)-2-oxooxazolidin-5yl) methyl)
acetamide, 1 (Linezolid).A solution of(R)-5 (35.0 g, 0.112 mol) in 150 mL dichloromethane
was placed under an atmosphere of nitrogen andwcgikhimidazole (54.6 g, 0.33 mol) was
added with stirring. The mixture was allowed to ati35-40°C for 8 h then was concentrated in
vacuo. The resultant crude product was purifiedchieomatography using silica gel eluted with
methanol in dichloromethane (0-10percent gradiértie fractions containing were combined
and concentrated in vacuo, the resulted solid veasystalized from methanol to provide
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Linezolid 1 as a solid (33.7 g). yield 89%; mp 182-183 *8;NMR (CDCk): & 7.43-7.48 (d,

1H), 7.06-7.10 (d, 1H), 6.90-6.96 (t, 1H), 5.96 18{), 4.74-4.79 (m, 1H), 4.00-4.06 (t, 1H),
3.56-3.77 (m, 3H), 3.04-3.07 (t, 4H), 2.03 (s, 3HL NMR (DMSO«ds): 5 22.4 41.4, 47.3,
50.6, 66.1, 71.5, 106.4, 114.0, 119.1, 133.3, 13H8.0, 156.2, 170.0; IR (KBr): 3342, 2, 1741,
1660 cnmi* ESI-MS:m/z (%) 338.18 (100, Ni1).

RESULTS AND DISCUSSION

As a part of the ongoing research progf@hon synthesis of chiral 2-oxazolidinones such as
Linezolid 1 and its derivatives, we wish to report herein & aad short synthesis of linezolid in
two approaches starting fro(®)-2 & (R)-2. Toward this end, recently our group has become
interested in exploring these types of approaclesynthetically valuable targets. To our
knowledge N-alkylation of 3-fluoro-4-morpholinobenzenamiBer acetamide has not yet been
described. In conjunction with our ongoing studi@s the synthesis of 2-oxazolidinone
analogues, we have decided to develop an altematiypproach to construct chiral 2-
oxazolidinone analogues architecture. Simplicityl anvironmental friendliness is the main
scope of these routes. The synthetic route wagedtin Scheme 1& 2).

Jf

/—\ (S) -2 \‘\ 1) PTSA, MeOH
cho3 TBAI, NaI \—Q 2)CDI, 1, 8 h

130 C, 24 h
(R)-4
o)
KN
o)
O N N>\\O e,
/ \)\/OH Ph;P, DEAD
F THF, 1t, 3 h
(R)-6 (S)-7
o
H,NNH, H,0 /—\ ACz0
lchnalialod ) " . LINEZOLID, 1
MeOH, reflux Vy H, PhMe, 45 C
2h 1 h, MeOH
(S)-8

Scheme 1. Synthesis of linezolid ky-alkylation of compound 3 With chloro compound §)-2

Hence, we targeted to synthesize the 3-fludt{{R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-4-
morpholinobenzenamine,4 in one step by direct N-alkylation of 3-fluoro-4-
morpholinobenzenaming, using §)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolan2, As of our
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knowledge Approach-1Scheme 1) the directN-alkylation of 3 is un-reported in the
literature. Various reaction conditiof§] such as solvent, base and temperature were sdreene
achieve direcN-alkylation of 3 with (S)-2 with respect to{able 1), unfortunately none of these
conditions offered the correspondiNgalkylated product. It is interesting that the prod(R)-4
was obtained by the reaction ®fwith excess amount ¢f)-2 without solventi(e. neat) using
K,CQO;, tetrabutylammonium iodide (TBAI), sodium iodidda]) at 130 °Cfor 24 hrs. On the
other hand, we found difficulty in isolation plire produc{R)-4 from crude reaction mixture.
However, the crude compou(id)-4 was purified by column chromatography in 70% vyield

Table | - N-alkylation of 3 with (S)-2 with respect to solvent, base and temperature.

Entry No. Solvent Base /Temp (°C)
1 THF n-BuLi/-78°C
2 DMF KOtBu / reflux
3 THF NaH/ reflux
4 EtOH KOHY/ reflux
5 DMF K,COyf reflux

After hydrolysis of the resulted dioxaif)-4 in methanol using-toluenesulfonic acid (PTSA)
followed by regio-selective cyclization with CDI the presence of &O; afforded the required
oxazolidinone R)-3-(3-fluoro-4-morpholinophenyl)-5-(hydroxymethgRazolidin-2-one 6 with
82% vyield and efforts were extended further to kol 1.

o

KN

o o) /—\
—
— >\\o PhsP, DEAD Q
O N N THF, 1t, 12 h F
__/ \)\/OH B— (S)-7
F X CH3CONH,

(R)-6 5
PhsP, DEAD
THF

Figure 2

LINEZOLID, 1

Incorporation ofN-acetyl amine functionally was planned by employmigsunobou conditions
on primary hydroxyl functionality ofR)-6. Initially, the mentioned reaction was attemptsiahg
Acetamide, but hasn’t offered any success, theortsfivere further extended using pthalimide
under same reaction condition§igure 2) and offered the phalimido compoun@)-7.
Deprotection of pthalimide followed by acetylatinging acetic anhydride yielded the targeted
chemical entity Linezolid with 75 % yield and 98% of HPLC purity.

Even thoughN-alkylation of Acetamide reactions has proved tovbgy efficient, there are few
of the challenges are involved such as (i) tedimagtion conditions (ii) column purifications
(i) low to moderate vyields, (iv) multi step seaques (6 steps). Therefore, developing an
efficient synthetic strategy with fewer steps thptovides diverse access to these
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biologically/pharmaceutically active compounds risimportant goal, especially to Linezolid,
1 through addressing all the issues of first apgig&cheme-1)

O QIS
L

Q OH
HO
o qoo_Psa, TR [ g _PTSC
N
KOH, TBAI, MeOH, rt, 4h Py, rt, 6h
(R)-2 DMSO (S)-3 2)7/ -4 I
90T, 12h o

Py, 25%, Py, 25, 12h NH DCM 40T, 8h

TsQ  OH W on
Neat
\_&NH _fex AN — CDl__ . |INEZOLID,1

o) (R)-5

Scheme 2. Synthesis of linezolid by-alkylation of acetamide with chloro compound R)-2

As shown in §cheme 2, inexpensive and commercially readily availaldi®-€pichlorohydrin
was chosen to prepare compoiiR}2, which was reacted with acetami@ in the presence of
potassium hydroxide, TBAI in DMSO at 90°C to affaxd(((S-2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)acetamide3 in 85% vyield. The acetonide protecting group of poond (S)-3 was
deprotected using PTSA in methanol to di8e4 in 70% yield. Tosylation of primary hydroxyl
group of (§-4 in pyridine [10], followed by in-situy reacted with 3-fluoro-4-
morpholinobenzenaming, in previous step Pyridine as solvent offered tesire@dN-((R)-3-(3-
fluoro-4-morpholinophenylamino)-2-hydroxypropyl) edamide, 5 compound in 78% vyield.
Latter, 2-oxazolidinone ring was constructed byctieg thep- amino alcohol functionality of
compound(R)-5 with CDI afforded the required antibacterial agemezolid, 1 with 89% yield
and 99.5% HPLC purity.

CONCLUSION

In conclusion, highly efficient methoScheme-2)has been developed to prepare Linezolid,
with in 4 steps and more than 40% of overall yielthis method overcomes many of the
drawbacks associated with previously reported ®g#h and offers an industrial viable
procedure for the synthesis of linezolid and exatlon of this method for the preparation of
similar molecules is currently underway in our lediory.
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