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oro-8-methoxy-4-oxo 1,4-dihydro-3-quinoline carboxylic acid boron difluoride chelate which upon hydrolysis yields Gatifloxacin.



WO 2005/009970 A1l

0 0000 0000

JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ,
T™, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, §Z, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HU, IE,
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI patent
(BE, BJ, CE, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE,
SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nation US

of inventorship (Rule 4.17(iv)) for US only

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2005/009970 PCT/IN2004/000221

'An improved process for the preparation of Gatifloxacin:

The present invention relates ~ to a ©process for the

prgparation of Gatifloxacin and its pharmaceutically acceptable

salts and hydrates.

Gatifloxacin, chemically 1-Cyclopropyl-6-fluoro-7-(3-methyl
piperazin-1-yl)-8-methoxy-4~oxo-1,4-dihydro-3-quinoline carboxylic

acid, is represented by the following formula

HN

GATIFLOXACIN

Gatifloxacin is a broad-spectrum fluoroquinolone antibiotic,
which is disclosed in US Patent No. 5,043,450 as hemihydrate. For
the'preparation of Gatifloxacin there are few more methods reported
in literature. US Patent No. 4,980,470 discloses the method for
pre@aration of Gatifloxacin by condensation of‘l—Cyclopropyl~6, 7-
difluoro;B—methoxy—4—oxo—l, 4-dihydro-3-quinoline carboxylic acid
with 2-methylpiperazine in anhydrous DMSO followed by column

chromatdgraphic purification and crystallization with methanol.

-

Buropean Patent No EP 464,823 discloses a method for the
preparation of Gatifloxacin by condensation of 2-methyl piperazine
with (1-Cyclopropyl-6,7-difluoro-8-methoxy~4-oxo~1, 4~dihydro-3-
quinoline carboxylic acid-0%,0') bis (acetate-O)-borate followed by

hydrolysis with triethylamine and crystallization with ethanol.
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US patent No 5,880,283 discloses Gatifloxacin sesquihydrate
and a process for its preparation by treating Gatifloxacin
hemihydrate with water. US patent Application No 2002/0052379
discloses several hydrates and claims Gatifloxacin pentahydrate. It
also discloses the process for preparing Gatifloxacin pentahydrate
by water eguilibration of Gatifloxacin sesquihydrate or

Gatifloxacin hemihydrate.

US Patent No 4,997,943 discloses the preparation of
Gatifloxacin, which comprises:
e treating ethyl l-cyclopropyl-6,7-difluoro-8-methoxy-4-oxo-1, 4~
+ dihydro-3-quinoline carboxylate with hydrofluoroboric acid to
‘give boron difluoride chelate derivative
¢ mnixing the chelate derivative with 2-methyl piperazine (4.0
‘mol equiv.) in DMSO at room temperature for overnight
. ;evaporating the excess 2-methylpiperazine along with DMSO by
'vacuum ‘

e washing the residue with diethyl ether

e separating the condensed chelate compound.

dissolving the condensed chelate in a mixture of 80% aqueous
ethanol, triethyl amine and maintaining at reflux temperature
for 4 hrs

e cooling the reaction mass to RT and separating the insolubles
by filtration, ' 4
e ‘concéntrating the filtrate wunder vacuum to separate the
crystals and washing with ethanol.
Gatifloxacin crystals upon treating with hydreochloric acid in
ethanol give Gatifloxacin hydrochloride in the overall yield of
40%. The quality of Gatifloxacin or its hydrochloride salt was not
disclosed.
The above method involves the exhaustive work-up resulting

in exposure of Gatifloxacin to high temperature thereby enhancing
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the possibilities of its degradation, use of diethyl ether, which
is highly inflammable solvent. Further it involves the wuse of a
large molar excess of 2-methyl piperazine vis-a-vis l-cyclopropyl-
6,7-difluoro-8-methoxy-4~oxo~1, 4-dihydro~3~quinoline carboxylic
acid / or its boron difluoride chelate 1i.e. 4 : 1 there by
increasing the consumﬁtions of 2-methylpiperazine leading to the

formation of impurities. It also involves the conversion to

hydrochloride without isolation of Gatifloxacin.

In US patent. No 4,980,470 the purification of crude
Gatifloxacin involves the use of column chromatography, with the

handling of solvents in very high volumes.

It has been a long felt need of the industry to provide
commercially feasible and cost effective processes to yield high

purity Gatifloxacin.

The main object of the present invention is to provide a

process for the preparation of high pure Gatifloxacin hemihydrate.

Another object of the invention is to provide a process for
the preparation of Gatifloxacin without involving the exhaustive

work~up.

Yet another object of the invention is to provide a process
for the purification of l-cyclopropyl-6fluoro-7 (3-methyl
piperazin-1-yl)-8-methoxy-4-oxo-1,4~dihydro-3-quinoline carboxylate

boron difluoride chelate.

Accordingly, the present invention relates to a method for
the preparation of Gatifloxacin hemihydrate from Ethyl-1-
Cyclopropyl-6,7-diflucro-8-methoxy-4~oxo-1, 4~dihydro-3-quinoline
carboxylate through boron difluoride chelate. Ethyl-l-cyclopropyl-

6, 7-difluoro-8-methoxy-4~oxo-1,4~dihydro-3-quinoline carboxylate is
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reacted with aqueous hydrofluoroboric acid followed Dby.
condensation with 2-methyl piperazine in polar organic solvent
resulting in an intermediate 1—Cyclopropyl—7—(3—methyl piperazin-1-
yl)-6-fluoro-8-methoxy-4~oxo~1, 4~dihydro-3~quinoline carboxylic
acid boron difluoride chelate. This intermediate may be further
hydrolyzed to yield Gatifloxacin. Gatifloxacin so obtained may
needs purification to yield high purity product. However to obtain
directly high purity Gatifloxacin it is desirable to isolate the
intermediate by cooling to low temperatures. Treating with an
alcohol or mixture of alcohols purifies this intermediate. The
purified condensed chelate in aqueous ethanol on hydrolysis with
triethylamine followed by crystallization in methanol gives

Gatifloxacin hemihydrate with high purity.

STAGE -~ I:

OCH
A oot \

Ethyl l-cyclopropyl—-6,7-difluoro-8~methoxy 1-Cyclopropyl-6, 7-difluoro-8-methoxy
~4-ox0~-1,4-dihydro-3-quinoline —4-oxo-1,4~dihydro-3-quinoline
carboxylate carboxylic acid boron difluoride chelate
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3
STAGE - II:
F,B £oB
2 Ja— 72
([)/ \O HN NR O/ \O

F > / F

l O HaG (o]

3
———————

OCH,4 % AN OCH, {
GHy

1-Cyclopropyl-6, 7T-difluoro-8-methoxy 1~Cyclopropyl~T7-(3-methylpiperazin-1-yl)

—-4-o0xo-1, 4-dihydro-3~gquinoline 6-fluoro~8-methoxy—-4-oxo~-1,4~-dihydro~3-

carboxylicacid borondifluoride chelate quinoline carboxylicacid borondifluoride
chelate

STAGE -III:

Aq Ethang!
r\ _—_+TEA l/\
HN. :
CHy : / N\
1-Cyclopropyl-7~(3-methylpiperazin-1-yl) GATIFLOXACIN

-6~fluoro-8-methoxy—-4-oxo-1, 4-dihydro-3-
quinoline carboxylicacid borondifluoride
chelate

Brief description of the drawings:

Fig. 1l: X-ray diffraction pattérﬁ'of Gatifloxacin sesqﬁihydrate
Fig. 2: FTIR sﬁeétrum of Gatifloxaéin sesquihydrate

Fig. 3: PTIR spectrum of Gatifloxacin hemihydrate

Fig. 4: X-ray diffraction pattern of Gatifloxacin hemihydrate

The essential features of the present invention comprising steps:

» Reacting Ethyl l-cyclopropyl-6,7-difluoro-8-methoxy-4-oxo-1,4-

dihydro-~ 3—quinoliné'carboxylate with ag. hydrofluoroboricacid
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Isolating 1-Cyclopropyl-6,7-difluoro-8-methoxy-4-oxo-1, 4-
dihydro-3-quinoline carboxylic acid boron difluoride chelate
by addition of water . followed by cooling

Condensing 1-Cyclopropyl-6, 7-difluoro-8-methoxy~4-oxo-1, 4~
dihydro-3-quinoline carboxylic acid boron difluoride chelate
with 2-methyl piperazine in organic solvent (s)

Cooling the reaction mass to low temperature to crystallize
the intermediate 1~Cyclopropyl—7¥(3—methylpiperazin—1—yl)~6—
fluoro-8-methoxy-4-oxo-1, 4-dihydro-3-quinoline carboxylic acid
boron difluoride chelate

Hydrolyzing 1-Cyclopropyl-7-(3-methylpiperazin-1-yl)-6-fluoro-
8-methoxy-4-oxo-1,4~dihydro-3-quinoline carboxylic acid boron
difluoride chelate by treating with triethyl amine

Optionally isolating the intermediate 1-Cyclopropyl-7-(3-
methylpiperazin-1-yl)-6-fluoro-8-methoxy-4-oxo-1, 4-dihydro-3-
quinoline carboxylic acid boron difluoride chelate

Separating the impurities from 1-Cyclopropyl-7- (3~
methylpiperazin-1-yl)-6-fluoro-8-methoxy-4-oxo-1, 4-dihydro-3-
quinoline carboxylic acid boron difluoride chelate by treating
with alcohol at selective temperature
Reactingl-Cyclopropyl-7-(3-methylpiperazin-1-yl)-6-fluoro-8-
methoxy-4-oxo-1; 4~dihydro-3~guinoline carboxylic acid boron
difluoride chelate 1in ag.ethanol with triethylamine

Removing ag.ethanol under vacuum follﬁwed by adding fresh
ethanol

Crystallizing the crude Gatifloxacin

Treating the crystallized crude Gatifloxacin with hot methanol

to give Gatifloxacin hemihydrate

The prepared Gatifloxacin is in the form of hemihydrate, and

it is confirmed by its4characteristic X-ray diffraction pattern and

IR spectrum.
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The . starting materials Ethyl 1-cyclopropyl-6,7-difluoro-8-
methoxy-4-oxo~1,4-dihydro-3-gquinoline carboxylate and 1-
Cyclopropyl~-6, 7-difluoro-8-methoxy-4-oxo-1, 4-dihydro-3-quinoline
carboxylic acid boron difluoride chelate are prepared by the

literature reported methods.

Thus in accordance to the present invention condensation of
1-Cyclopropyl-6, 7~-difluoro-8-methoxy-4-oxo-1, 4-dihydro~3-
quinoline carboxylic acid boron difluoride chelate with molar
excess 2-methyl piperazine is carried out in a érganic solvent (s)
such as acetonitrile, methyléne chloride, ethylene chloride, methyl
acetate, N—methyl-2~pyrrolidinone,‘methyl isobutyl ketone, ethylene
glycol dimethyl ether (mono glyme), diethylene‘ glycol dimethyl
ether (diglyme), more selectively acetonitrile at temperature about
of 30°C - 35°C and mixing for about 4 to about 8 hrs. Cooling the
reaction mass to low temperature preferably below 0° and more
preferably to about -10°C to about -5°C followed by isolation of
the 1-Cyclopropyl-7-(3~methylpiperazin-1-yl)-6-fluoro-8-methoxy~4-
oxo-1,4-dihydro-3-quinoline carboxylic acid boron difluoride
chelate.However the intermediate need not be isclated and can be
further hydrolyzed by treating with <triethyl amine to yield

Gatifloxacin.

The impurities from 1-Cyclopropyl-7-(3-methylpiperazin-l-yl)-
6~fluoro-8-methoxy-4-oxo-1, 4-dihydro-3-gquinolinecarboxylic acid
boron difluoride chelate are separated by treating with an alcohol
or mixture of alcohols such as methanol, ethanol, n-propanol, iso-
propanol, butanol preferably methanol at selective temperature
preferably at about 15°C to about 45°C for about 1 to about 4 hrs,
followed by cooling the reaction mixture to low temperature
preferably to 15°%, to 25°%. Treating the suspension of ~the 1-
Cyclopropyl-7-(3-methylpiperazin-1-yl)-6-£fluoro-8-methoxy~4-oxo-

1,4-dihydro-3-gquinoline carboxylic acid boron difluoride chelate
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with triethylamine in aqueous ethanol or in acetonitrile, at higher
temperatures preferably at reflux temperature of the solvent for
about 2 to 6 hrs, followed by removing the solvent and then adding
fresh solvent, mixing and cooling to low temperatures preferably to
below 0°C, more preferably to about -15°C to about -5°C to give the
crude Gatifloxacin. Dissolving the. crude Gatifloxacin in methanol
at ,hot condition, removing insolubles  if any, cooling the clear
filtrate to low temperatures preferably.to about -10°C to about 0°C

followed by isolation and drying affords Gatifloxacin hemihydrate.

It may be noted that in the preferred embodiment of this
invention the intermediate 1-Cyclopropyl-7-(3-methylpiperazin-1-
yl)-6-fluoro—-8-methoxy-4-oxo-1, 4~ dihydro-3-quinoline carboxylic
acid boron difluoride chelate is separated, purified and further

treated. to yield pure Gatifloxacin. In another embodiment of the

’invention the intermediate 1-Cyclopropyl-7- (3-methylpiperazin-1-
yl)-6-fluoro~8-methoxy-4-oxo-1,4-dihydro-3-quinoline carboxylic
acid boron difluoride chelate is +treated (without separation,
isolation or  purification) with . triethylamine to vyield
Gatifloxacin,which requires purification to yvield = pure
Gatifloxacin.

The -invention can be further illustrated by the below non-limiting

examples.

Example-I:Preparation of Gatifloxacin- with isolation of interme-

diate (boron difluoride chelate derivatiwve)

Stage~1l: Preparation of 1-cyclopropyl—6,7—difluoro~8~methoxy—4—oxo—
1,4~-dihydro-3-quinoline carboxylic acid boron difluoride chelate.
Ethyl-l-cyclopropyl-6, 7-difluoro-8-methoxy-4-oxo-1,4-dihydro-3-
quinoline carboxylate (100g)is suspended in 40%ag. hydrofluoroboric

acid (1000 ml). Temperature of.the reaction mass is raised and
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maintained at 95°C to 100°C for S5Shrs followed by cooling to 30°C -

35°C. Water (400 ml) is added and maintained at 25°% - 30°C for
2hrs.Product is filtered, washed with water (500 ml) and dried at
40°C - 45°%C to constant weight.

Dry weight of the product: 101.6 g (Yield: 95.8 %)

Stage—-2: Preparation of 1- Cycloprdpyl—7—(3—methylpiperazin~l—yl)~
6-fluoro-8-methoxy-4-oxo-1,4~-dihydro-3-quinoline carboxylic acid

boron difluoride chelate

100 g of Boron difluoride chelate derivative prepared as above in
stage-1 1s suspended in acetonitrile (800 ml), to that 2-methyl
piperazine (44.0 g, 1.5 mole equiv.) is added and miked for 15 min
to obtain a clear solution. The reaction mass is maintained at 30°C
—- 35% for 12 hrs followed by cooling to -10°C to ~-5°C. The reaction
mass 1is maintained at -10°C to -5°C for 1 hr. The product is
filtered and dried at 45°C - 50°C to constant weight.

Dry weight of the product: 116.0 g {(Yield: 93.9 %).

The condensed chelate (100 g) prepared as above is suspended in
methanol (1500 ml), maintained at 40°C - 45°C for 30 min. The
reaction mass is gradually cooled, maintained for 1 hr at -5°C to
0°C. The product is filtered, washed with methanol (50 ml) and dried
at 45°% - 50°C to constant weight.

Dry weight of the product: 80.0 g (Yield: 80.0 %)

Stage -3: Preparation of Gatifloxacin (Crude)

The pure condensed chelate (100.0 g) prepared as above in stage-2
is suspended in 20% ag. ethanol (1000 ml), the temperature is
raised and maintained at 75°C to 80°C for 2 hrs.l The reaction mass
is cooled, filtered to remove insolubles, distilled under vacuum to

remove solvent. Fresh ethanol (200 ml) is added and solvent is



10

15

20

25

30

WO 2005/009970 PCT/IN2004/000221
10

removed under vacuum at temperature below 50°%C. Ethanol {200 ml) is
added to the residue and gradually cooled to -10°C to -5°C., The
reaction mass 1s mixed at -10°C to -5°C for 1 hr and then filtered.
The wet cake is washed with ethanol (25 ml) and dried at 45°% - 50°C
to constant weight.

The dry weight of the Gatifloxacin is 83.3 g (Yield: 91.7 %)
Stage~ 4: Purification of crude Gatifloxacin

Crude Gatifloxacin (100.0 g) prepared as above in stage-3 is
suspended in methanol (4000 ml), the temperature is raised and
maintained at 60°C to 65°C for 20 min. to get a clear solution.
Activated carbon (5 g) 1is added, maintained for 30 min and the
solution is filtered. The filtrate is concentrated to one third of
its original volume under vacuum at temperature below 40°C. The
reaction mass is gradually cooled and maintained at -10°C to -5°C
for 2 hrs. The product is filtered, washed with methanol (50 ml)
and dried at 45°C - 50°C to constant weight.

The dry weight of the pure Gatifloxacin is 76.0 g (Yield: 76.0 %)

Example-II: Preparation of Gatifloxacin without isolation of

intermediate (boron difluoride chelate derivative)

Stage-1: Preparation of l-cyclopropyl-6, 7-difluoro-8-methoxy-4-
oxo-1l, 4-dihydro-3-gquinoline carboxylic acid boron difluoride

chelate.

Ethyll~cyclopropyl-6, 7-difluoro-8-methoxy-4-oxo-1, 4-dihydro-3-
guinoline carboxylate (1009) is suspended in 40% aqg.
hydrofluoroboric acid (1000 ml). Temperature of the reaction mass
is raised and maintained at 95°C to 100°C for 5 hrs followed by
cooling to 30° - 35°%. 400 ml DM water is added, maintained at 25°C
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- 30°C for 2hrs. The product is filtered, washed with DM water (500
nl) and dried at 40°C - 45°C to constant weight.
The dry wt is 102.5 g (Yield: 096.6 %)

Stage — 2: Preparation of Gatifloxacin (Crude)

The boron difluoride chelate derivative (100‘g) prepared as above
in stage-1 1is suspended in acetonitrile (800 ml), 2-methyl
piﬁerazine {44 g, 1.5 mole equi&.) is added and mixed for 15 min to
obtain a clear solution. The reaction mass is maintained at 30°%C -
35°¢ for 12 hrs. Removed the solvent by vacuum distillation. 20% Aqg.
etﬂanol (1000 ml) is added, raised the temperature and malintained
at 75°C to 80°C for 2 hrs. The reaction mass is cooled, filtered to
reﬁove insolubles. The filtrate 1s distilled under vacuum to remove
solvent completely.«Fresh‘ethanol (250 ml) is added and distilled
under wvacuum at temperature below 50°%. Fresh EBEthanol (250 ml) is
addea to the residue and gradually cooled to -10%¢ to -5°C. The
reaction mass is maintained at -10°C to -5°C for 1 hr and filtered.
The wet cake is washed with ethanol (30 ml) and dried at 45°C - 50°C
to constant weight.

The dry weight of the Gatifloxacin is 73.5 g (Yield: 65.4 %)

Stage -3: Purification of crude Gatifloxacin

Crude Gatifloxacin (80.0 g) prepared as above in stage-2 is
suspended in methanol (2000 ml), the temperature 1is raised and
maintained at 60°C to 65°C for 20 min. to get a clear solution. The
reaction mixture is filtered. The filtrate is gradually cooled and
maintained at -10°C to -5°C for 2 hrs. The product is filtered,
washed with methanol (50 ml) and dried at 45°C - 50°C to constant
weight.

The‘dry weight of the pure Gatifloxacin is 56.0 g (Yield: 70.0 %)



10

15

20

25

30

WO 2005/009970 PCT/IN2004/000221

12

We claim:

1. A process for the preparation of Gatifloxacin comprising steps
of: ’

Reacting Ethyl 1—cyclopropyl—6,7—diﬁluorOwBTmethoxy~4~oxo—1,4—
dihydro- B-quinoline carboxylate with ag. hydrofluoroboricacid
Isolating 1-Cyclopropyl-6,7-difluocro-8-methoxy-4-oxo~-1, 4~
dihydro-3-quinoline carboxylic acid boron difluoride chelate
by addition of water followed by cooling

Condensing 1-~Cyclopropyl-6,7-difluoro~8-methoxy-4-oxo-1,4-
dihydro-3-quinoline carboxylic acid boron difluoride chelate
with 2-methyl piperazine in organic solvent(s)

Cooling the reaction mass to low temperature to crystallize
the intermediate 1-Cyclopropyl<7-(3-methylpiperazin-1-yl)-6-
fluoro—8—methoxy—4—oxo—1,4~dihydro—3—§uinoline carboxylic acid
boron difluworide chelate

Hydrolyzing 1-Cyclopropyl-7-(3-methylpiperazin-1l-yl)-6-fluoro-
8~methoxy-4-oxo-1, 4-dihydro-3-quinoline carboxylic acid boron
difluoride chelate by treating‘with triethyl amine
Optionally- isolatiﬁg the intermediate 1-Cyclopropyl-7-(3-
methylpiperaéin—l—yl)f6—fluore—S—methoxy—4~oxo—1,4—dihydro—3—
quinoline carboxylic acid boron difluoride chelate

Separating the impurities -~ from 1-Cyclopropyl-T7-(3-
methylpiperazin-1-yl)-6-fluoro-8-methoxy-4-~oxo-1, 4-dihydro-3-
quinolihe carboxylic acid boron difluoride chelate by treating
with alcohol at selective temperature

Reactingl-Cyclopropyl-7- (3-methylpiperazin-1-yl)~6-£fluoro-8-
methoxy-4-oxo-1,4~dihydro-3—-quinoline carboxylic acid boron
difluoride chelate in ag.ethanol with triethylamine

Removing ag.ethanol under vacuum followed by adding fresh

ethanol
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* Crystallizing the crude Gatifloxacin

* Treating the crystallized crude Gatifloxacin with hot methanol

A process as claimed in claim 1, wherein the organic solvent (s)
is acetonitrile or ethanol or methylene chloride or ethylene
chloride or methyl isobutyl ketone or methyl acetate or N-methyl-

2-pyrrolidinone or mono glyme or di glyme

. A process as claimed in claims 1 & 2, wherein the more preferred

organic solvent is acetonitrile

A process as claimed in claim 1, wherein the isolation of the
intermediate 1-Cyclopropyl-7-(3-methylpiperazin~1l-yl)-6-fluoro-8-
methoxy-4-oxo-1,4-dihydro-3-quinoline carboxylicacid boron
difluoride chelate by cooling the reaction mass to temperature

below 10°C preferably -10°C to 0°C

. B process as claimed in claim 1, wherein the alcohol is methanol

or Ethanol or propanol or iso-propanocl or butanol or mixtures
thereof

. A process as claimed in claim 1 & 5 wherein the preferred

alcohol is Methanol

. A process as claimed in claim 1, wherein the Gatifloxacin is

crystallized at temperature below 10°C, preferably ~10°C to 0°C
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