
WO 2006/138641 PCT/US2006/023613  MANUFACTURING
PROCESS FOR TIGECYCLINE FIELD OF THE INVENTION  5 The
present invention relates to a manufacturing process
for the preparation of  tigecycline. BACKGROUND OF THE
INVENTION  10 Tigecycline is an antibiotic with a
broad spectrum of antibacterial activity. Importantly
tigecycline is effective against several resistant
strains of bacteria. Tigecycline in a  powder
presentation is reconstituted by the addition of a
compatible reconstitution  diluent prior to
intravenous infusion. The antibiotic tigecycline is a
t-butylglycyl 15 substituted naphthacenecarboxamide
free base. Tigecycline is however difficult to
manufacture because it is vulnerable to  degradation
including oxidative degradation from atmospheric
oxygen and epimer  formation. 20 There is therefore a
need for a manufacturing process which controls
epimerization  and oxidation of tigecycline in bulk
manufacturing. SUMMARY OF THE INVENTION  25 The
present invention is directed to a manufacturing
process for tigecycline by  controlling epimer
formation and oxidation degradation during the bulk
manufacturing  of the lyophilized powder presentation.
In particular, controlling the temperature and  oxygen
level during the steps of the process are important
features of the invention. 30 Tigecycline is protected
during the process by sparging with an inert gaseous
medium comprising a nonreactive gas, such as nitrogen,
and control of the  temperature. 1 WO 2006/138641
PCT/US2006/023613  An embodiment of the invention is
to provide the manufacture of tigecycline with total
degradants less than 0.9% by controlling the level of
dissolved oxygen in conjunction  with temperature
control of the bulk aqueous solution. 5 A further
embodiment of the invention is to provide a
manufacturing process for  tigecycline as a
reconstitutable powder having less than 0.9% total
degradants and to  further provide the tigecycline
reconstitutable powder from solutions of water for
injection (WFI) and tigecycline on at least an 80 L
scale. 10 An embodiment of the invention is to provide
a manufacturing process of tigecycline  in WFI water
at a concentration of about 10 to 50 mg/ml, preferably
20 mg/mL  wherein the oxygen level in the water is
less than 0.5 ppm by sparging said water  with gaseous
nitrogen and wherein said solution may be added to
vials and the  solution in said vials lyophilized to a
reconstitutable powder. 15 An additional embodiment of
the invention is to provide a manufacturing process
having a total manufacturing hold time for bulk
solution of about 13 to about 24 hours  



for the production of tigecycline powder. 20 A further
embodiment of the invention is to provide tigecycline
powder available for  reconstitution prior to
intravenous administration and having a shelf life of
at least 18  months. An additional embodiment of the
invention is to provide a manufacturing process  25
wherein the WFI water is at a temperature of about 2C
to about 8C. A further embodiment of the invention is
to provide a maximum sterile holding time  from the
filling of the first vial to the start of
lyophilization cycle of 6 hours. 30 An embodiment of
the invention is to provide a manufacturing process
for the  production of tigecycline as a
reconstitutable powder having less than 0.9% total
degradants comprising the steps: 2 WO 2006/138641
PCT/US2006/023613  a. reducing and maintaining the
oxygen level in WFI water to less than or equal to 0.5
ppm while maintaining the temperature at about 2C to
about 8C; b. forming a solution of tigecycline in said
water of step a at a concentration of  about 10 to 50
mg/ml while maintaining said temperature and oxygen
level;  5 c. filling vials with said solution of step
b; d. lyophilizing said solution of step c to form 25
mg to 150 mg of reconstitutable  powder in a vial; and
e. sealing said vial under nitrogen. 10 Preferably a
solution of tigecycline in step b of the above
described process is at a  concentration of about 20
mg/ml. Preferably 50 mg to 150 mg, more preferably 50
mg of reconstitutable powder is in  the vial of step d
of the above described process. 15 The lyophilized and
reconstituted tigecycline powder has been analyzed to
have a  reverse-phase HPLC elution profile
substantially as shown in FIG. 1. BRIEF DESCRIPTION OF
THE DRAWINGS 20 FIG. 1 shows a typical chromatogram of
the reverse-phase HPLC elution  profile of tigecycline
from the manufacturing process. FIG. 2 shows the steps
of the tigecycline manufacturing process.  25 DETAILED
DESCRIPTION OF THE INVENTION The present invention
provides a manufacturing process for tigecycline as a
reconstitutable powder having less than 0.9% total
degradants. The process to  prepare the tigecycline
reconstitutable powder may be provided from solutions
of 30 water for injection (WFI) and tigecycline on an
80 L scale or greater than an 80 L  scale. 3 WO
2006/138641 PCT/US2006/023613  By total degradants, we
mean compounds or products that are the result of
degradation of tigecycline, including those formed due
to oxidation of tigecycline  (for example at the C-11
position forming a hydroxyl group or at the C-6
position  followed by dehydration to form a 6-ene
product), or those compounds or products 5 formed due
to secondary reactions (e.g. decarboxylation,
hydrolysis, photoreactions  or ring closures) (for
example those products formed due to photo-induced
reaction  



through hydrolysis and deamination at C-4 position).
Included in the definition is  epimer. Excluded from
the definition are minocycline and 9-amino
minocycline. 10 By "less than 0.9% total degradants",
we mean the ratio of total degradants to  tigecycline
is less than 0.9% at 24 hours after forming the
solution of tigecycline, but  prior to lyophilization.
Generally the process provides a solution of
tigecycline in WFI water at a 15 concentration of
about 10 to 50 mg/ml, preferably 20 mg/mL wherein the
oxygen  level in the water is less than 0.5 ppm by
sparging said water with gaseous nitrogen  and wherein
said solution may be added to vials and the solution
is said vials  lyophilized to a reconstitutable
powder. 20 The invention provides a manufacturing
process having a total manufacturing hold  time for
the bulk solution of about 13 to about 24 hours for
the production of  tigecycline powder available for
reconstitution and further having a shelf life of at
least 18 months. 25 The invention provides a
manufacturing process wherein the WFI water is held at
a  temperature of about 2C to about 8C and the water
is further sparged with nitrogen  so the oxygen level
is below 5 ppm. A maximum sterile holding time from
the filling of the first vial with bulk solution to
30 the start of lyophilization cycle of 6 h has been
developed to ensure control of  degradation. 4 WO
2006/138641 PCT/US2006/023613  The invention provides
a manufacturing process for the production of
tigecycline as a  reconstitutable powder having less
than 0.9% total degradants by first reducing and
maintaining the oxygen level in WFI water to less than
0.5 ppm while maintaining the  temperature at about 2C
to about 8C before adding tigecycline and forming a 5
solution at about 10 to 50 mg/ml while still
maintaining the temperature and oxygen  level. The
solution of tigecycline in water can be added to vials
and further  lyophilized to a reconstitutable powder
and the vial further sealed under nitrogen.
Preferably the solution of tigecycline is at 20 mg/ml
and the vial has about 50 mg of 10 reconstitutable
powder following lyophilization.  EXAMPLES The
following examples represent the process of the
invention and are presented for  15 purposes of
illustration only. While the invention has been
described in detail and  with reference to specific
embodiments, it will be apparent to one skilled in the
art  that various changes and modifications may be
made to such embodiments without  departing from the
spirit and scope of the invention. 20 The following
describes a typical manufacturing process for
Tigecycline for Injection  for a typical batch size of
80 L. Non-Sterile Bulk Formulation Stage 25 1. Before
starting bulk formulation stage, purge with filtered
nitrogen the  formulation and filling lines, product
transfer line and the formulation,  intermediate and
holding tanks. 2. Add approximately 95% (76 L) of
required amount of Water for Injection in the  30
formulation tank and chill the water to 2C - 8C while
sparging with filtered  



nitrogen, until the dissolved oxygen content is <_ 0.5
mg/L (ppm). 5 WO 2006/138641 PCT/US2006/023613  3.
Measure the dissolved oxygen content of the water. If
the dissolved oxygen content is greater than 0.5 mg/L,
continue to sparge the water with filtered  nitrogen
until dissolved oxygen content is < 0.5 mg/L (ppm),
and the  temperature is 2C - 8C. 5 4. Continue
sparging and pressurize the holding tank with filtered
nitrogen.  Discontinue sparging of the water in the
formulation tank prior to adding the  drug substance
and continue with a filtered nitrogen blanket. 10 5.
Add 1600 g of drug substance to the tank ensuring that
the drug substance is  not exposed to air by
maintaining filtered nitrogen flow during the entire
process. 6. Mix the bulk solution. The solution
temperature must be 2C - 8C. 15 7. Add Water for
Injection to formulation tank until the final
volume/weight (80L)  is reached and mix the solution.
8. Maintain a filtered nitrogen blanket in the
formulation tank. Measure the  dissolved oxygen
content. 20 9. If the dissolved oxygen content of the
solution is more than 0.5 mg/L,  continue filtered
nitrogen sparging until a stable dissolved oxygen
content  measure is obtained. 25 Aseptic Filtration
and Filling 1. Fill into sterilized glass vials and
check fill weight periodically. Partially  stopper the
vials. This process should be completed with 6 hours
(Maximum  allowable sterile solution hold time) 30 2.
Load trays with partially stoppered vials from the
filling machine. Place the  filled trays in closed
transport carts. 6 WO 2006/138641 PCT/US2006/023613
3. The manufacturing process upto this sep should be
completed with 13-24 hours (Maximum allowable Bulk
solution hold time)  5 Lyophilization 1. Set shelf
inlet temperature to 2C ( 5C).  2. Load the vials. 10
3. Close the freeze dryer door to start the cycle. 4.
Reduce the shelves inlet temperature to -45C. Hold at
shelf inlet  temperature of - 45C ( 5C) for up to 4
hours or until product temperature of  -17C or below
is achieved. 15 5. Reduce chamber pressure to 150
mTorr (mT)  150 mT prior to start the  Primary Drying
Stage.' 6. Start Primary Drying, and continue for up
to 20 hours (shelf temperature: - 



10C to +25C) or until the product temperature rises
above 0C, by 20 increasing the shelf temperature to
restrict product temperature below the  collapse
temperature (-6.5C) /eutectic temperature (-0.74C) of
the product.  7. Perform Terminal Drying by increasing
the shelf inlet temperature to 40C ( 5C) and hold up
to 9 hours or until the product temperature is
maintained at  25 >30C for at least 3 hours. 8. Break
to a partial vacuum of 12.5 psi ( 0.5 psi) with
filtered nitrogen and  completely stopper the vials.
30 9. Break partial vacuum to atmospheric pressure.
10. Remove the vials from the dryer and crimp-seal.  7
WO 2006/138641 PCT/US2006/023613  HPLC testing The
contents of the sample vials are dissolved in diluent.
The sample solution is  diluted, if necessary, and
chromatographed on a reversed phase column using 5
gradient elution. Impurities are determined by
comparing the impurity peak areas in  the sample
preparation chromatogram to the average area of
tigecycline peaks in the  standard preparation
chromatograms obtained concomitantly. Chromatographic
Column - Length about 15 cm, inside diameter about 4.6
mm,  10 packed with Inertsil ODS2, 51um size particles
or equivalent. Detector - Ultraviolet
spectrophotometric detector capable of operating at
248 nm  with a sensitivity of about 0.5 absorbance
units full scale. REAGENTS AND MATERIALS  15
Acetonitrile - HPLC grade.  Water - Suitable for HPLC.
Phosphoric Acid - Reagent grade, approx. 87% H3PO4.
Potassium Hydroxide Solution (1 N) - Reagent grade. 20
Trifluoroacetic Acid - Reagent grade. Dibasic
Potassium Phosphate - K2HPO4, HPLC grade. Sodium EDTA
- (Ethylenedinitrilo)-Tetraacetic Acid Disodium Salt -
HPLC grade.  Sodium Bisulfite - NaHSO3, Reagent grade.
Mobile Phase A - Dissolve 4.35 g of dibasic potassium
phosphate and 0.93 g of  25 sodium. EDTA in 950 mL of
water. Adjust pH to 6.4 with phosphoric acid. Add 50
mL of  acetonitrile and mix well. Filter through a
0.45 pm pore size membrane filter, if  necessary.
Degas, if necessary. Mobile Phase B - Dissolve 4.35 g
of dibasic potassium phosphate and 0.93 g of  30
sodium. EDTA in 500 mL of water. Adjust pH to 6.4 with
phosphoric acid. Add 500 mL of  acetonitrile and mix
well. Filter through a 0.45 ,um pore size membrane
filter, if  necessary. Degas, if necessary. 8 WO
2006/138641 PCT/US2006/023613  Diluent - Weigh 4.35 g
of dibasic potassium phosphate and 0.50 g of sodium
bisulfite  



into a one liter volumetric flask. Dissolve and dilute
to volume with water. Adjust the  pH of this solution
to 8.0 with 1 N potassium hydroxide. EDTA Solution -
Weigh 3.7 g of sodium EDTA into a one liter volumetric
flask.  5 Dissolve with 950 mL water. Add 50 mL
acetonitrile and mix well. Tigecycline Reference
Standard - Of known strength (S). The results of
additional studies to investigate the effect of
processing parameters  such as temperature, time, and
dissolved oxygen content on the purity profile of  10
tigecycline solutions using the following materials,
methods and procedures are  presented in Tables A to
O. MATERIALS AND METHODS 15 Tigecycline Drug Substance
Lot # 871858C  0.1 N NaOH Lot #9712031 0.1 N HCI Lot #
2853 Sterile Water For Injection Lot # J3N472 (B.
Braun)  20 Procedure The experiments were run in
plastic glove bags under normal laboratory light
conditions. Plastic glove boxes will be used to
control the headspace of the beakers.  The batch size
was 200 mL. 25 1. Prepare the glove bag with a mixture
of nitrogen and air to achieve  an oxygen level in the
solution as per the design. 2. Place the jacketed
beaker on the magnetic stirrer. Connect it to  the
cooler. Set the cooler to the desired set point. 3.
Add 200 mL of SWFI in to the beaker. Allow
equilibrating. 30 Measure the temperature and oxygen
content. When it reaches  the desired condition, add
accurately weighed API and mix until  dissolved. If
necessary use spatula to aid dissolution. For pH 9 WO
2006/138641 PCT/US2006/023613  adjustments, use 4 mL
of either 0.1N NaOH or 0.1N HCI and 196  mL of WFI for
manufacture. 4. After complete dissolution, Transfer
about 5.5 mL of Solution in  vials and stopper them.
These vials will be stoppered at the 5 appropriate
headspace conditions. Place the vials in appropriate
temperature conditions. 5. Sample the vials at 1, 4,
8, 10, 12 and 24 hours. Send the  samples for
analysis. Freeze the 10, 12 and 24 samples at -20C
for analysis the following day. 10 6. Measure pH and
record color of the solution at each time point.
RESULTS Experimental Conditions The 1-hour samples
were taken directly from the beakers. Samples for
later time  points were collected in stoppered vials
processed in the atmosphere of the bag in  15 order to
simulate the headspace conditions then placed in water
baths or refrigerator to maintain there respective
temperature conditions. This was done to maintain
safety in the lab. Disposable plastic glove bags
require constant flow of a mixture of  



nitrogen and air to maintain headspace oxygen level
that will result in the desired  dissolved oxygen (DO)
content in the sample. The pH of samples was measured
at  20 each sample points. Strength and Degradation
Profile Strength and degradation profile was analyzed
by HPLC as described above. The  results show that
when oxygen is removed from the process and the
temperature is  25 controlled, very little degradation
is seen. Degradation was slightly higher at higher
temperature condition. The results of these additional
studies show that when oxygen is removed from the
process, very little degradation is seen (see runs H,
I, and K-O). Degradation was  30 slightly higher at
higher temperature condition. The range of pH
(7.7-8.2) studied did not have any significant effect
on the degradation of tigecycline bulk solution
however, a slightly higher degradation was seen for
sample at pH 8.2, temperature of  8C and 2 ppm
dissolved oxygen when compared to solution at pH 7.7
and similar 10 WO 2006/138641 PCT/US2006/023613
temperature and dissolved oxygen content. The total
amount of degradation after  24 hours shows an
interaction between temperature and the dissolved
oxygen level  in the solution. The total amount of
degradation components found is minimized  when the
oxygen level is between 0 and -0.4 ppm regardless of
the temperature that 5 the bulk solution was prepared
or held at. From an oxygen level of 0.4 ppm to 1.2
ppm - the total amount of degradation products can
still be minimized as long as the  temperature the
bulk solution is produced and held at is lowered from
4C to 2C as  the oxygen level increases. As shown in
comparative Runs A -G and J unexceptable degradant
levels are found.  11 WO 2006/138641 PCT/US2006/023613
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PCT/US2006/023613  WHAT IS CLAIMED IS: 1. A
manufacturing process for the production of
tigecycline as a reconstitutable  5 powder having less
than 0.9% total degradants comprising the steps: a.
reducing and maintaining the oxygen level in WFI water
to less than or  equal to 0.5 ppm while maintaining
the temperature at about 2C to  about 8C; 10 b.
forming a solution of tigecycline in said water of
step a at a  concentration of about 10 to 50 mg/ml
while maintaining said  temperature and oxygen level;
c. filling vials with said solution of step b; d.
lyophilizing said solution of step c to form 25 mg to
150 mg of  15 reconstitutable powder in a vial; e.
sealing said vial under nitrogen. 2. A manufacturing
process according to claim 1 wherein the solution of
tigecycline in step b of the process is at a
concentration of about 20 mg/ml.  20 3. A
manufacturing process according to claim 1 or claim 2
wherein in step d of  the process 50 mg to 150 mg of
reconstitutable powder is in the vial. 4. A process
according to any one of claims 1 to 3 wherein in step
b the solution  25 of tigecycline in water is equal to
or greater than 80 L. 5. A process according to any
one of claims 1 to 4 wherein the oxygen level in
water in step a is at 0.5 ppm or less by sparging with
nitrogen. 30 6. A process according to any one of
claims 1 to 4 wherein the oxygen level in  water in
step a is at about 0.4 ppm or less by sparging with
nitrogen. 20 WO 2006/138641 PCT/US2006/023613  7. A
process according to any one of claims 1 to 4 wherein
the oxygen level in  water in step a is about 0.1 ppm
or less by sparging with nitrogen. 8. A process
according to any one of claims I to 7 wherein
tigecycline powder 5 available for reconstitution
prior to intravenous administration has a shelf life
of at  least 18 months. 9. A lyophilized tigecycline
powder manufactured according to the process of  claim
1 wherein the tigecycline powder has a reverse-phase
HPLC elution profile  10 substantially as shown in
FIG. I. 10. A product made by the process of any one
of claims 1 to 8.  21 


