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PROCESS FOR THE PREPARATION OF TIGECYCLINE

Field of the Invention

The present invention relates to improved process for the preparation of Tigecycline.

Background of the Invention

5 Tigecycline chemically is (4S,4aS,5aR,12aS)-9-[2-(tert-butylamino)acetamido]-4,7-
bis(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxo-2-

naphthacenecarboxamide represented by Formula-I.

HaC
HaC
HaC
Formula-I
10 Tigecycline is reported to be active against methicillin-resistant Staphylococcus

aureus, penicillin-resistant Streptococcus pneumoniae, vancomycin-resistant enterococci and
against organisms carrying either of the two major forms of tetracycline resistance: efflux and

ribosomal protection (U.S. Patent Application No. 2007/0049562).

Tigecycline and its use are disclosed in U.S. Patent Nos. 5,494,903 and 5,529,990,

15  respectively. U.S. Patent Nos. 5,281,628; 5,401,863; 5,284,963; 5,675,030; U.S. Patent
Application 2007/0049562 and PCT patent application WO 05/056538 disclose either process
for preparation of tigecycline or intermediate compounds thereot. Two synthetic methods for
preparing tigecycline are disclosed by Drugs of the Future 2001, 26(9), 851-858. The
preparation of intermediate compounds is also disclosed by J. Med. Chem. 1994, 37(1), 184-

20 188

The methods disclosed in the cited literature teach three important steps i.e. nitration,

reduction and acylation for the preparation of tigecycline starting from minocycline.

One of the known methods involves nitration of minocycline to obtain 9-

nitrominocycline which is subsequently reduced to 9-aminominocycline. Finally acylation of
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9-aminominocycline with N-t-butylglycyl chloride provides tigecycline of formula I (Drugs
of the Future 2001, 26(9), 851-858).

Another method describes reaction of 9-aminominocycline with chloroacetyl chloride
to produce an acylated intermediate which on reacting with t-butylamine provides tigecycline

of formula I (U.S. Patent No. 5,284,963; Drugs of the future 2001, 26(9), 851-858).

Summary of the Invention

The present invention provides a process for preparing highly pure tigecycline which
has lower content of degradation products and /or impurities. The reduction step is performed
in the presence of organic solvent and water. The use of water is safe to handle catalyst
operations. The quantity of catalyst used during reduction step is also less. The 9-
aminominocycline disulphate produced is granular in form and thus helps during filtration and
reduces filtration time. The pH of the solution at the acylation step is adjusted so that it

effectively produces tigecycline in good yields.

Detailed Description of the Invention

The Following terminology is used in the present application, when describing aspects
of the present invention. These are not intended in any way to limit the scope of the present

invention. Several variants of these terminology would be evident to persons ordinarily skilled

in the art.

The term ‘nitrating agent’ as used herein refers to the reagent that can add a -NO,
substituent to minocycline. Exemplary nitrating agents include nitric acid and nitrate salts,

such as alkali metal salts, KNOs.

The terms ‘minocycline’, ‘9-nitrominocycline’ or ‘9-aminominocycline’ as used
herein include the free base as well as pharmaceutically acceptable salt forms thereof. For
example, the term minocycline wherever mentioned includes minocycline as free base or its
pharmaceutically acceptable salt. If the term minocycline hydrochloride is used, it specifically

means hydrochloride salt form of minocycline.
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The term ‘pharmaceutically acceptable salt’ as used herein refers to acid addition salts.
Examples include, but are not limited to, hydrochloride, hydrobromide, hydroiodide,
phosphoric, nitric, sulfuric, acetic, benzoic, citric, fumaric, glycolic, maleic, succinic, tartaric,
sulfate, alkyl (C;-Cs) or aryl (C¢-Cy0) sulfonates and chlorobenzenesulfonate salt. Preferred

5  pharmaceutically acceptable salt is hydrochloride or sulfate salt.

The term ‘organic solvent’ as used herein refers to a group consisting of alcohols (for
example, C;-Cg alcohols like methanol, ethanol, isopropanol, butanol etc.); ethers (for
example, diethyl ether, diisopropyl ether, tetrahydrofuran, etc); hydrocarbon solvents (for
example, hexane, heptane, etc.); chlorinated solvents like dichloromethane, chloroform, etc.;

10  acetone; acetonitrile; 1,4-dioxane and mixture(s) thereof.

A first aspect of the present invention provides a process for preparation of 9-

nitrominocycline of formula II1

Formula-II1
15  comprising reacting minocycline of formula II

H3C\ /CHs H;C

Formula-I1

with nitrating agent at low temperature.

In an embodiment of this aspect the nitrating agent is added to the reaction in 30-45

20 minutes under nitrogen atmosphere.

The term ‘low temperature’ refers to temperature or temperature range below 0°C.

Preferably, the range -10° to -1°C can be used for the nitration of minocycline.
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In another embodiment of this aspect, the minocycline used can be in the form of its

hydrochloride salt.

In another embodiment of this aspect, the 9-nitrominocycline produced can be in the

form of its disulphate salt.

5 Accordingly, potassium nitrate is added to a solution of minocycline hydrochloride in
concentrated sulphuric acid under nitrogen atmosphere in 30-45 minutes at -1° to -10°C. The
reaction mixture is then stirred for 1-2 hours at -5°C to produce 9-nitrominocycline
disulphate. The product 9-nitrominocycline disulphate can either be isolated from the reaction

mixture or used as such (in situ) for preparation of tigecycline.

10 In another embodiment of this aspect, the 9-nitrominocycline disulphate can be used

for the preparation of tigecycline.

A second aspect of the present invention provides a process for preparation of 9-

aminominocycline of formula I'V

15 Formula-1V
comprising reducing 9-nitrominocycline of formula III

HaC._CHs HsC._ _CHj,

=2
e 2Z

Formula-III

or reaction mixture thereof with reducing agent in presence of catalyst.

20 In an embodiment of this aspect, the reduction can be carried out in presence of

organic solvent and deionized water.
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In another embodiment of this aspect, the reducing agent is hydrogen gas.

The reducing agent is provided in the presence of at least one catalyst. Exemplary
catalysts include, but are not limited to, rare earth metal oxides, Group VIII metal-containing
catalysts, and salts of Group VIII metal-containing catalyst. An example of a Group VIII

metal-containing catalyst is palladium, such as palladium on carbon.

The catalyst is present in an amount ranging from 0.01 to 0.02 parts relative to the
amount of minocycline or its pharmaceutically acceptable salt which is used for the

preparation of 9-nitrominocycline.

In another embodiment of this aspect, the 9-nitrominocycline used is in the form of its

disulphate salt.

In another embodiment of this aspect, the 9-aminominocycline produced is in the form

of its disulphate salt.

Accordingly, 9-nitrominocycline or reaction mixture thereof is added to an ice-cooled
mixture of organic solvent and deionized water while controlling temperature below 20°C.
The organic solvent used in this aspect can be water miscible (for example, methanol, ethanol
etc.), immiscible (for example, diisopropyl ether) or mixtures thercof. The resultant mixture is
stirred below 20°C and the formed aqueous layer comprising 9-nitrominocycline and water
miscible organic solvent is separated. The separated aqueous layer is reduced at hydrogen
pressure ranging from 1 to 75 psi in presence of catalyst to produce 9-aminominocycline. The
produced 9-aminominocycline can either be isolated from the aqueous layer or used as such

(in situ) for preparation of tigecycline.

In a preferred embodiment of this aspect, the water miscible solvent is methanol and

the water immiscible solvent is diisopropyl ether.

The 9-nitrominocycline or the pharmaceutically acceptable salt thereof can either be

isolated from the reaction mixture or in situ used for the reduction reaction of this aspect.

A third aspect of the present invention provides a process for the preparation of

granules of 9-aminominocycline or its pharmaceutically acceptable salt by controlled addition
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of aqueous solution comprising 9-aminominocycline or its pharmaceutically acceptable salt in

organic solvent.

In an embodiment of this aspect, the pharmaceutically acceptable salt of 9-

aminominocycline is disulphate salt.

5 In another embodiment of this aspect, preferably the organic solvent is selected from

group comprising isopropyl alcohol, acetone, acetonitrile, 1,4-dioxane and mixture thereof.

In another embodiment of this aspect, the controlled addition comprises addition of the

aqueous solution in its 2 to 6 times of the organic solvent at 25 +2°C in 30-60 minutes.

The term granules as used herein refer to non-fluffy, easily filterable form of 9-

10 aminominocycline or its pharmaceutically acceptable salt.

The aqueous solution used herein refers to the solution comprising water and 9-
aminominocycline or its pharmaceutically acceptable salt. The medium in which 9-
nitrominocycline or its pharmaceutically acceptable salt is reduced to 9-aminominocycline or

its pharmaceutically acceptable salt can also be referred to as aqueous solution.

15 Accordingly, the aqueous solution comprising 9-aminominocycline disulphate is
added to isopropyl alcohol at 25 +2°C in 30-60 minutes. As the granules are formed, addition
of isopropyl alcohol produces the granular 9-aminominocycline disulphate. The granular 9-

aminominocycline disulphate can be isolated or in-situ used for the preparation of tigecycline.

A fourth aspect of the present invention provides a process for the preparation of

20  tigecycline comprising reacting 9-aminominocycline of formula IV

HsC

N H,C

Formula IV
with N-t-butylglycyl chloride of formula V
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HSC \/ﬁ\
NH
H,C Cl  Hcl
H5C
FormulaV

at pH below 3.

In an embodiment of this aspect, the reaction is performed at temperature below 0°C.

5 In another embodiment of this aspect, 9-aminominocycline is used as its disulphate

salt and having chromatographic purity of more than 90%.

Accordingly, the 9-aminominocycline disulphate is mixed with de-ionized water
having dissolved oxygen content below 10 ppm under nitrogen atmosphere and pH of the
solution is adjusted in between 2 to 3 with the help of sodium carbonate. N-t-butylglycyl

10 chloride hydrochloride is added to the solution under continuous stirring at below 0°C. The
Tigecycline formed is extracted from the reaction mass with the help of organic solvents like

dichloromethane, acetone, chloroform, etc.

In another embodiment of this aspect, the extraction of tigecycline from the reaction

mass is performed at pH 6.7+0.2.

15 The 9-aminominocycline or its pharmaceutically acceptable salt (such as disulphate
salt) used in this aspect is prepared by following the methods described hereinabove in second
and third aspects. The 9-aminominocycline or its pharmaceutically acceptable salt can either

be isolated or in situ used for the preparation of tigecycline.
A fifth aspect of the present invention provides a process for the preparation of
20  tigecycline comprising

a) reacting minocycline of formula-IT

Formula-II
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with a nitrating agent at low temperature to form 9-nitrominocycline of formula-

I
Formula-III
5 b) reducing 9-nitrominocycline of formula-III to obtain 9-aminominocycline of
formula-IV

Formula-IV

¢) converting 9-aminominocycline of formula-IV to tigecycline.

10 Accordingly, potassium nitrate is added to a solution of minocycline hydrochloride in
concentrated sulphuric acid under nitrogen atmosphere in 30-45 minutes at -1° to -10°C. The
reaction mixture is then stirred for 1-2 hours at -5°C to produce 9-nitrominocycline
disulphate. The produced 9-nitrominocycline disulphate can either be isolated from the

reaction mixture or used as such (in situ) for preparation of tigecycline.

15 The reduction can be carried out in the same manner as described hereinabove in
second aspect of the invention. The reduction method, embodiments, reagents, solvents,
reaction conditions (e.g. temperature, pressure, catalyst, etc.) and description mentioned in the

second aspect can also be incorporated herein in order to explain the step-b.

In further embodiment of this aspect, the reduction can be performed using hydrogen

20  in presence of catalyst such as palladium on carbon.

The 9-aminominocycline can be converted to tigecycline by following the procedure

and embodiments described hereinabove in fourth aspect of the present invention. The
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process, embodiments, reagents, solvents, reaction conditions (e.g. temperature, pH, reaction

time, etc.) and description mentioned in the fourth aspect can also be incorporated herein in

order to describe how step-c can be carried out.
A sixth aspect of the present invention provides a process for the preparation of

5  tigecycline comprising-
nitrating minocycline of formula-II

H3C\ /CH3 H3C\N/

a)

N

Formula-II
with nitrating agent at low temperature followed by reduction with reducing agent in

presence of catalyst
b)  isolating 9-aminominocycline of formula-IV

HC CHs H3C\N/

CH,

Formula-IV

from the reaction mass obtained in step-a
reacting 9-aminominocycline of formula-IV isolated in step-b with N-t-

15 c)
butylglycyl chloride hydrochloride of formula-V

NH
%/ Cl Hcl

HaC
H,C

Formula-V

at pH below 3.
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In an embodiment to this aspect, the process for the preparation of tigecycline is

carried out under nitrogen atmosphere.

Step a:

In an embodiment of this aspect, nitrating agent is added to the reaction in 30-45

5 minutes under nitrogen atmosphere.
The term ‘low temperature’ has the same meaning as defined hereinbefore.

In another embodiment of this aspect, the minocycline used herein in this aspect is in

the form of its hydrochloride salt.

In another embodiment of this aspect, minocycline hydrochloride is in situ converted

10 into 9-aminominocycline.

In another embodiment of this aspect, the reduction can be carried out in presence of

organic solvent and deionized water.
In another embodiment of this aspect, the reducing agent is hydrogen gas.

The reducing agent is used in the presence of at least one catalyst. Exemplary catalysts
15 include, but are not limited to, rare earth metal oxides, Group VIII metal-containing catalysts,
and salts of Group VIII metal-containing catalyst. An example of a Group VIII metal-

containing catalyst is palladium, such as palladium on carbon.

The catalyst is present in an amount ranging from 0.01 to 0.02 parts relative to the
amount of minocycline or its pharmaceutically acceptable salt which is used for the

20 preparation of 9-nitrominocycline.

Accordingly, potassium nitrate is added to a solution of minocycline in concentrated
sulphuric acid under nitrogen atmosphere in 30-45 minutes at -1° to -10°C. The reaction
mixture is then stirred for 1-2 hours at -5°C. The reaction mixture is added to ice-cooled
mixture of organic solvent and deionized water while controlling temperature below 20°C.

25  The organic solvent at this stage can be selected from water miscible (for example, methanol,
ethanol, etc.), immiscible (for example, diisopropyl ether) or mixtures thereof. The resultant

mixture is stirred below 20°C and the formed aqueous layer containing 9-nitrominocycline
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and water miscible organic solvent is separated. The separated aqueous layer is reduced at
hydrogen pressure ranging from 1 to 75 psi in presence of the catalyst to produce 9-
aminominocycline. The produced 9-aminominocycline can either be isolated from the

aqueous layer or used as such (in situ) for preparation of tigecycline.

5 In a preferred embodiment of this aspect, the water miscible solvent is methanol and

the water immiscible solvent is diisopropyl ether.

In another embodiment of this aspect, the 9-aminominocycline prepared is in the form

of disulphate salt.

The produced 9-aminominocycline disulphate can either be isolated from the aqueous

10 solution or used as such (in situ) for preparation of tigecycline.

Step b:
In an embodiment of this aspect, the isolation of 9-aminominocycline comprises

granules formation and crystallization steps.

In another embodiment of this aspect, the granules of 9-aminominocycline disulphate

15 salt are prepared.

In another embodiment of this aspect, the granules of 9-aminominocycline disulphate
are prepared by a process comprising controlled addition of aqueous solution comprising 9-

aminominocycline disulphate in organic solvent.

In another embodiment to this aspect, 2 to 6 times of organic solvent relative to the

20  aqueous solution is used for obtaining the said granules.

In another embodiment of this aspect, the controlled addition comprises addition of the

aqueous solution in its 2 to 6 times of the organic solvent at 25 +2°C in 30-60 minutes.

The term granules as used herein refers to non-fluffy, easily filterable form of 9-

aminominocycline disulphate.

25 The aqueous solution used herein refers to the solution comprising water and 9-
aminominocycline disulphate. The reaction medium in which 9-nitrominocycline is reduced

to 9-aminominocycline can also be referred as aqueous solution.
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In another embodiment of this aspect, preferably the organic solvent is selected from

group comprising of isopropyl alcohol, acetone, acetonitrile, 1,4-dioxane and mixture thereof.

Accordingly, the aqueous solution comprising 9-aminominocycline disulphate is
added to isopropyl alcohol at 25 +2°C in 30-60 minutes. As granules are formed, more of
isopropyl alcohol is added. This is stirred for 1 hour to crystallize and filtered under nitrogen
to get cake of 9-aminominocycline disulphate. This is optionally washed with acetone and

dried.
Step c:

The obtained 9-aminominocycline disulphate is reacted with N-t-butylglycyl chloride

of formula-V at pH below 3 under nitrogen atmosphere.
In an embodiment of this aspect, the reaction is performed at temperature below 0°C.

In another embodiment of this aspect, 9-aminominocycline disulphate having

chromatographic purity more than 90% is used for tigecycline preparation.

Accordingly, the 9-aminominocycline disulphate is mixed with de-ionized water
having dissolved oxygen content below 10 ppm under nitrogen atmosphere and pH of the
solution is adjusted to or in between 2 to 3 with the help of sodium carbonate. N-t-butylglycyl
chloride hydrochloride is added to the solution under continuous stirring at below 0°C. The
tigecycline formed is extracted from the reaction mass with the help of organic solvents like

dichloromethane, acetone, chloroform, etc.

In an embodiment of this aspect, the extraction of tigecycline from the reaction mass is

performed at pH 6.7+0.2.

The N-t-butylglycyl chloride hydrochloride used hereinabove for the preparation of
tigecycline is prepared by reacting chloroacetyl chloride with benzyl alcohol to obtain benzyl
chloroacetate which upon treatment with t-butylamine produces benzyl N-t-butyl glycinate.
Benzyl N-t-butyl glycinate is hydrolyzed to obtain corresponding acid. The acid is then
chlorinated to obtain N-t-butylglycyl chloride hydrochloride.
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If seeding of tigecycline is required during the preparation of tigecycline, then the
seeds may be prepared by following any one of the methods known in the prior-art such as by

following the process described in U.S. Patent No. 5,284,963.

While the present invention has been described in terms of its specific aspects, certain
modifications and equivalents will be apparent to those skilled in the art and are intended to

be included within the scope of the present invention.

In the following section, aspects of the present invention are described by way of
examples to illustrate the processes of the invention. However, this is not intended in any way
to limit the scope of the present invention. Several variants of the example would be evident

to persons ordinarily skilled in the art.
EXAMPLE

Preparation of Tigecycline

a) Preparation of 9-aminominocycline disulphate from Minocycline hydrochloride

Dry nitrogen gas was purged through concentrated sulphuric acid (450 ml) at 28+2°C,
and it was cooled to -5°C to 0°C. Minocycline hydrochloride (150 g) was added portion-wise
to the sulphuric acid while controlling temperature below -1°C under stirring (exothermic
reaction observed). After complete addition of minocycline hydrochloride, the solution was
stirred for 15-20 minutes at below -1°C. Potassium nitrate (38.4 g) was added portion-wise to
the solution while controlling temperature below -1°C under stirring (Exothermic reaction

was observed). The reaction mixture obtained was stirred for 1-2 hours at -5°C.

In a flask, de-ionized water (420 ml) having dissolved oxygen content below 10 ppm,
methanol (200 ml) and diisopropyl ether (750 ml) were added and cooled to -30°C to -25°C.
The reaction mixture obtained above was added to the flask by controlling temperature below
15°C (exothermic reaction was observed). The resultant mixture in the flask was washed with
de-ionized water (105 ml). The mixture was stirred for 10-15 minutes below 15°C and then it
was allowed to stand for 20-30 minutes. The product enriched aqueous layer was separated.
To the separated aqueous layer, activated carbon (20 gm) was added followed by stirring for

20-30 minutes. The aqueous layer was filtered through hyflo bed followed by washing of the
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bed with methanol (200 ml) at 20-30°C under nitrogen. The filtrate obtained was transferred

to parr apparatus bottle for hydrogenation. To the filtrate, 10% Pd/C (3.0 g; 50% wet) was
added and it was flushed twice with nitrogen, once with hydrogen and finally hydrogen
pressure of around 50 psi was applied to it. It was maintained for 2-5 hours at 20-25°C. The
resultant mixture was filtered through hyflo bed followed by washing with methanol (200 ml)
at 20-30°C under nitrogen.

b) Preparation of granular 9-aminominocycline disulphate and crystallization thereof

In another flask containing isopropyl alcohol (5.25 L) at 20-30°C, the filtrate obtained
(from step a) was dispersed for precipitation at 25+2°C in 30-60 minutes. When granules
formation was observed, isopropyl alcohol (4.5 L) was added to it simultaneously. This was
stirred for 1 hour and simultaneously cooled to 0-5°C. It was filtered under nitrogen pressure

using sintered funnel at 20-30°C to obtain cake of 9-aminominocycline disulphate.

¢) Preparation of Tigecycline from 9-aminominocycline disulphate

The cake obtained (from step b) was washed with acetone (250 x 3 ml) to obtain slurry
under nitrogen at 20-30°C. This was flushed with dry nitrogen. The wet cake (370 g) obtained
was added at 0°C to de-ionized water (750 ml) purged with nitrogen gas. It was stirred to
dissolve at 0°C. The pH of the solution was adjusted to 2-3 slowly with sodium carbonate
solution (approx. 0.6-1.0 L) maintaining temperature below 0°C and then N-t-butylglycyl
chloride hydrochloride (260 g) was added to it in various lots under stirring and maintaining

temperature below 0°C.

After completion of the reaction, pH of the reaction mass was adjusted to 6.7+0.2 with
sodium carbonate solution at below 0°C and dichloromethane (9.0 L) was added to it at 20-
30°C. It was stirred for 30 minutes at 20-25°C under nitrogen and pH of the resultant solution
was then adjusted, if required, to 6.7+0.2 with sodium carbonate solution. The solution was
allowed to stand for 30 minutes and then product enriched organic layer (dichloromethane
layer) was separated and preserved in another flask. To this layer, 20% activated carbon (30

g) and anhydrous sodium sulphate (700 g) were added at 20-25°C.
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To the remaining aqueous layer, sodium carbonate solution was added, if required, the
pH was adjusted to 6.7+0.2 at below 15°C. To this layer, dichloromethane (6.0 L) was added
followed by stirring at below 25°C for 30 minutes. The solution was allowed to stand for 30
minutes and then product enriched organic layer was separated and added to the flask
comprising previously separated organic layer for carbon treatment. This process was

repeated again starting from further remaining aqueous layer.

To the flask comprising the organic layer, 20% activated carbon (30 g) was added and
it was stirred for 20-30 minutes. The organic layer was then filtered through hyflo having
anhydrous sodium sulphate bed and after filtration organic layer was transferred to another
flask for dichloromethane recovery below 30°C under vacuum. The dichloromethane was
recovered completely at below 20°C. Methanol (600 ml) was added to the resultant mass
followed by stirring to dissolve the material. If required, it was heated to 40-45°C to dissolve.
This methanolic solution was then cooled to 0°C gradually under stirring in 30-45 minutes.
This solution was seeded with tigecycline at 0°C and stirred for 60-90 minutes after
crystallization at 0°C. This was filtered under nitrogen pressure using sintered funnel. The
obtained cake was washed with ice-cooled methanol (600 ml) at 0°C to obtain slurry which
was continue flushed with nitrogen till the removal of maximum solvent for approx. 30-60
minutes at 20-30°C. The wet cake was unloaded and dried under vacuum at 60-65°C for 12-
16 hours. The material was unloaded and packed under nitrogen and placed at 5£3°C in a

closed airtight container protected from light.

Dry weight of solid: 90-97.5 g
Yield (% w/w): 0.60-0.65
Chromatographic purity: NLT 99%
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We Claim:

1. A process for the preparation of 9-nitrominocycline of formula III

HC_ CHs HaCo_ _CHs

Formula-III
comprising reacting minocycline of formula II

H3C\ /CH3 H,C

N ~

Formula-II

with a nitrating agent at low temperature.

2. The process of claim 1 wherein the nitrating agent is added to the reaction in 30-45

minutes under nitrogen atmosphere.

3. The process of claim 1 wherein the low temperature is the temperature or temperature

range below 0°C.

4. The process of claim 1 wherein the 9-nitrominocycline of formula I is used for the

preparation of tigecycline.

5. A process for the preparation of 9-aminominocycline of formula I'V

H,C._CHy HyC

~pno R

Formula-1V

comprising reducing 9-nitrominocycline of formula II1
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10.

I1.

12.

13.

14.

Formula-III

or reaction mixture thereof with reducing agent in presence of catalyst.

The process of claim 5 wherein the reduction is performed in presence of organic

solvent and deionized water.
The process of claim 5 wherein the reducing agent is hydrogen gas.
The process of claim 5 wherein the catalyst is palladium on carbon.

The process of claim 5 wherein the 9-aminominocycline of formula IV is used for the

preparation of tigecycline.

A process for the preparation of granules of 9-aminominocycline or its
pharmaceutically acceptable salt by controlled addition of aqueous solution
comprising 9-aminominocycline or its pharmaceutically acceptable salt in organic

solvent.

The process of claim 10 wherein the controlled addition comprises addition of the

aqueous solution in its 2 to 6 times of the organic solvent at 25 £2°C in 30-60 minutes.

The process of claim 10 wherein the pharmaceutically acceptable salt of 9-

aminominocycline is disulphate salt.

The process of claim 10 wherein organic solvent is selected from the group
comprising of methanol, ethanol, isopropyl alcohol, butanol, diethyl ether, diisopropyl

ether, tetrahydrofuran, hexane, heptane, acetone, acetonitrile and 1,4-dioxane.

A process for the preparation of tigecycline comprising reacting 9-aminominocycline

of formula IV
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15.

16.

17.

18.

Formula IV
with N-t-butylglycyl chloride of formula V

O
o L
NH
HaC cl

H3C

.HCI

Formula V

at pH below 3.
The process of claim 14 wherein the reaction is performed at temperature below 0°C.

The process of claim 14 wherein 9-aminominocycline is used as its disulphate salt and

having chromatographic purity of more than 90%.

The process of claim 14 wherein tigecycline is obtained by extracting it from the

reaction mass at pH 6.7+0.2.

A process for the preparation of tigecycline comprising

a) reacting minocycline of formula-IT

Formula-II

with nitrating agent at low temperature to form 9-nitrominocycline of formula-III

HsC CHs; H,C
N N
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19.

20.

21.

22.

23.

19

Formula-II1
b) reducing 9-nitrominocycline of formula-IIl to obtain 9-aminominocycline of

formula-IV

Formula-IV

¢) converting 9-aminominocycline of formula-IV to tigecycline.

The process of claim 18 wherein nitrating agent is added to the reaction in 30-45

minutes under nitrogen atmosphere.

The process of claim 18 wherein the low temperature is the temperature or

temperature range below 0°C.

The process of claim 18 wherein reduction of 9-nitrominocycline of formula-III is

performed using hydrogen gas in presence of palladium on carbon.

The process of claim 18 wherein 9-aminominocycline of formula IV is reacted with N-

t-butylglycyl chloride at pH below 3 to obtain tigecycline.

A process for the preparation of tigecycline comprising

a) nitrating minocycline of formula-II

Formula-II

to form 9-nitrominocycline of formula-II1
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24.

25.

26.

27.

28.

29.

30.

Formula-II1
b) reducing 9-nitrominocycline of formula-IIl or reaction mixture thereof with

reducing agent in presence of catalyst to obtain 9-aminominocycline of formula-IV

Formula-IV

¢) converting 9-aminominocycline of formula-IV to tigecycline.

The process of claim 23 wherein nitration of minocycline is performed at temperature

or temperature range below 0°C.

The process of claim 23 wherein the reduction is performed in presence of organic

solvent and deionized water.
The process of claim 23 wherein the reducing agent is hydrogen gas.
The process of claim 23 wherein the catalyst is palladium on carbon.

The process of claim 23 wherein the catalyst is present in an amount ranging from

0.01 to 0.02 parts relative to the amount of minocycline.

The process of claim 23 wherein 9-aminominocycline of formula IV is converted to

tigecycline by reacting it with N-t-butylglycyl chloride at pH below 3.

A process for the preparation of tigecycline comprising

a) nitrating minocycline of formula-II
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3L

Formula-II

to form 9-nitrominocycline of formula-III

Formula-III
b) reducing 9-nitrominocycline of formula-III to obtain 9-aminominocycline of

formula-IV

Formula-1V
¢) reacting 9-aminominocycline of formula-IV with N-t-butylglycyl chloride of
formula-V
HaC o
3
Hac%/NHVU\C' . HCI
HaC
Formula-V
at pH below 3.

The process of claim 30 wherein nitration of minocycline is performed at temperature

or temperature range below 0°C.
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32.

33.

34.

35.

36.

22

The process of claim 30 wherein reduction of 9-nitrominocycline of formula-I1I is

performed using hydrogen gas in presence of palladium on carbon.

The process of claim 30 wherein the step c) reaction is performed at temperature
below 0°C.

The process of claim 30 wherein 9-aminominocycline is used as its disulphate salt and

having chromatographic purity of more than 90%.

The process of claim 30 wherein tigecycline is obtained by extracting it from the

reaction mass at pH 6.7+0.2.

A process for the preparation of tigecycline comprising

a) nitrating minocycline of formula-II

Formula-I1
with nitrating agent at low temperature followed by reduction with reducing agent
in presence of catalyst

b) isolating 9-aminominocycline of formula-IV

Formula-1V

from the reaction mass obtained in step-a

¢) reacting 9-aminominocycline of formula-IV isolated in step-b with N-t-butylglycyl

chloride hydrochloride of formula-V
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38.

39.

40.

41.

42.

43.

44.

45.

46.

23
Hsc \/I?J\
NH
H;C Cl  Hcl
HoC
Formula-V

at pH below 3.

The process of claim 36 wherein nitrating agent is added to minocycline in 30-45

minutes under nitrogen atmosphere.

The process of claim 36 wherein the low temperature is the temperature or

temperature range below 0°C.

The process of claim 36 wherein the reduction is performed in presence of organic

solvent and deionized water.
The process of claim 36 wherein the reducing agent is hydrogen gas.
The process of claim 36 wherein the catalyst is palladium on carbon.

The process of claim 36 wherein the catalyst is present in an amount ranging from

0.01 to 0.02 parts relative to the amount of minocycline.

The process of claim 36 wherein 9-aminominocycline of formula-1V is isolated as its

disulphate salt and in the form of granules.

The process of claim 36 wherein the step c) reaction is performed at temperature
below 0°C.

The process of claim 36 wherein 9-aminominocycline is isolated as its disulphate salt

and having chromatographic purity of more than 90%.

The process of claim 36 wherein tigecycline is obtained by extracting it from the

reaction mass at pH 6.7+0.2.
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