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WD 2006/ 138641 PCT/ US2006/ 023613 MANUFACTURI NG
PROCESS FOR Tl GECYCLI NE FI ELD OF THE I NVENTION 5 The

w@r@sABtc4l nvention relates to a manufacturi ng PCDUSE®6/023613

for the preparation of tigecycline. BACKGROUND OF THE
I NVENTI ON 10 Tigecycline is an antibiotic with a
broad spectrum of antibacterial activity. Inportantly
L gecyel | he A CRURING BRRICES ﬁ@heﬂétc"v\»gmkam
strains of Dbacteria. Tigecycline in
presentation is reconstituted by the addltlon of a
conpati ble reconstitution diluent prior to
i ntravenous infusion. The antibiotic tigecycline is a
FIEb0tQF gHIECKNVENT IOMbst i t ut ed napht hacenecar boxani de
free base. Tigecycline is however difficult to
manuf acture because it is vulnerable to degradation
The predenign\eatidarélaies degmetafachning povness faydh preperation of
ﬁé%% E cand epiner formation. 20 There is therefore a
of a manufacturing process which controls
epi nmerization and oxidation of tigecycline in bulk
FRERLASUNDRS: TREMNOBITRENTHE | NVERTION 25 The
present invention i's directed to a manufacturing
process for tigecycline by controlling epimner

I

Eﬁé% %reml n%tf%?ﬂfng@\{]ﬁw%f‘o %Bﬁéﬁﬁl iyt H%\‘ a\%ﬁf}é&grrléel Isglgtrll\?fg/ lfmportantly
llgecpelm ig aff@mlve @gamstﬁqvera@ resfedant étrpleﬁ af b@@el’éﬁw d Igem(?l@@nn a
J? hr%ere%ﬁﬁﬁut% b E}ge #fo‘ﬂfbﬁ%’? a&ofndBR L &dHstitution

Pes o e I nvention. ecycline’is protec ted
diluJenhrgnctrrh@ lrmaaem ibyisiopalbe ﬁgtlbmtmlg@ﬁwhﬁ@ i a Ghylalsy!

h t

R o B b Mo 2, 0061 138681 -
PCT/U82006/023613 An enbodi nent of the invention is

Né g%c{\/\ge‘?/emﬁ}éﬁﬁlgﬁ rgu'éﬁ%fgf:tuFé &ec%l’x&lz It 'ﬂsevdMérleb% al

gra ant’s ss t controlli1ng the level of

dﬁ?@“@dﬂlt@edn@b@@@ ﬁXlﬂﬁtl\@cdﬂgtﬁﬂﬁt'P@ ﬂomtmﬁsr@'@w@%&g?ﬂ and epimer
of the bul k aqueous solution. 5 A further
enbo iment of the invention is to provide a
nanufacturing process for tigecycline as a
ﬁ'ﬁ&r@nsgﬂw'e];éf&%bal ﬁeé?)ofWFjs ImdMa Bing PPscess amidh- c%%rb%te%ﬁmerlzatlon
radants and further provide the tigecycline
ﬁ @ﬁ@@tloﬁlﬁféﬁﬁ@’%@\kﬂ‘&ulk Mamfaeliitg-ons of water for
i njection (VFI) and tigecycline on at least an 80 L
scale. 10 An enbodi nent of the invention is to provide
gUMMMR A EFUTHRINMEDEKN of tigecycline in W water
at a concentration of about 10 to 50 ng/m, preferably
ng/ ML wherein the oxygen |l evel in the water

T@% §re§ﬁ&H“Yﬁ®°B thesdptaragmﬁ@f@,%wgﬂﬁp@?ss for &l@?cga'gr@d%

BritFo8 %pﬁﬂ& ARRAtRINMNIYxaS6h Hé dgraaatrmwmg askslpglk hWanufacturing
vials and t solution in sa

vials | blzedtoa
@@B@W@phwmda@%d%mtaﬂfs KhpaticH!sn 69{13?/0"@% fifsrRRRrayre and

bRich TXRNEIRY the stepsit NE HBcassIERE HhRsHARE | fe@lﬂ,ll’@§ BE#8 Snvention.
havi ng a, tot manuf acturing hold tine fo

ul
SigPeG %lsdqro@g@gtduilgg the R6Ess @@q@gﬂngwnh an ki)ne gaseous

medium comprising a nonreactive gas, such as nitrogen, and control of the

temperature.
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for the production of tigecycline powder. 20 A further
enbodi nent of the invention is to provide tigecycline

w@oswdasscavai | abl e for reconstitution prior toPCT/US2006/023613

i ntravenous adm ni stration and having a shelf life of
at least 18 nonths. An additional enbodi nent of the
invention is to provide a manufacturing process 25

whreesbaoditieat ¥he Wakatior i§ t@proa.dteqm ﬁfaﬂhfébﬁlr@f)f @é%yénn%%th total
odi ne he i nventi o

er e
t‘gegb?"?ﬂfﬁso‘«ﬁs%“ﬁﬂﬁ %IW %Bﬁ%\"@ g 'BY‘?{ g’f Pisﬁﬂveq PBgEn e conjunction
fitH fenperftutchnirbr@the/bdk ag@edudeokitignt of
| yophilization cycle of 6 hours. 30 An enbodi nent of
the invention is to provide a manufacturing process

fAofurtheeempoditheat bfane Qﬁ/ehti@%]z’&%)ﬂo%et%ﬁrné‘nufa%tg/nrtlg process for
ess than b t Ot

HBEPIENS b8 BrmTOISHE orteter s Tessirama gt 1okl daaradants and to

RAOTHdrS2O0dE Hi238dd/clife rdc@ﬁbtﬁut@ﬁle%@d@ﬁfr&h%‘omtlﬁﬂs Bihﬁater for
han or equal 0.5

(0)4 er to |less t
é&ml ll\gé/)rr@“cwgﬁcﬁ?“ﬁ‘ﬁ MR 'eiaéﬁﬁ%ﬁg!-lﬁcéeat about ZC to
about 8C, b. formng a solution of tigecycline in said
terbo stte a at rﬂ cQn ntrgtlon of about 10 to 50
PR M INPHIORSS LORraViHe AERatateingrRioesspgd tigecycline

Ine\I\EF{I wate at a donbdritragion bﬁétﬁ:u«mo o 5@h /AR breférably 2o m§/RiL
tion of step ¢ to form 25

ipeféin insBiaon v Bln 35k bR isbreahap s by seeraing seicviater
evithgeakouzonisagah mdalvheréld%faldbdllﬁtmeﬂay BdadiRS BN dndihe

YLl on n ste of the above
8lluc?n Pt "%Y'a%ié%"m%e@{e %recggﬁ&étﬁplgépwgﬁr of about 20
ng/m Preferably 50 ng to 150 ng, nmore preferably 50
reconst bl the vial of step
AP Rt %ﬁl?qav%ﬁ'seés tooviga |mﬁ5wfﬁqwrmopra¢ﬁ§s
hewoglattotaumedufbctgﬂt@g/hdald titneffomBlek stlagorbsremboaned ¥zafbut 94 hours

HPL elution profile
Eip Brophcitar S TR P o 1" Bl BF DESCR PTI O GF
THE DRAWNGS 20 FIG 1 shows a typical chromatogram of

Ver,ses HPLC el uti an of tigecycljne
A RS RORS e Tpt s 8 brofielces o e Grlgs for
tefconstéutiangeroy & intreverens baainistiatign pno tasifg a shBif e ldhlak BBst 18
{3 PTI ON OF THE | NVENTI ON The present invention

provi des a manufacturing process for tigecycline as a
reconstitutabl e powder having | ess than 0.9%t ot al

S are het cycline
A BB BmubRial REER Tl iR TP Sl mepfiEEking Pismess
whers thaiéfrl Waer lsrazjt edernperafiviFbi) abmnt 2tC geshouk 8BT® on an
80 L scale or greater than an 80 L scale. 3 WO
2006/ 138641 PCT/ US2006/ 023613 By total degradants, we

Aréahet empodiment of thprimentorsisttb atoviteea triagln'ﬂms aiehleoﬁgldigg time
FERURCAINCS: 6 pict HBEXShe Pars o DR a8 oy b 11°

position form ng a hydroxyl group or at the C6

m%f’n'bbe ,eni of %E\ﬂﬁ%nﬁ% lg%]ﬁg); A o&a%@a%@érﬁ%gpgpgﬁp r i6e

pro uct ose conpou or pr
nr@d@@@owﬂﬁggcyphma @l’ﬁ;o(lsiltlg;fabldemwdbobw\hmg leesthan 0.9% total

Sk rgl}%t jons or ring closures) (for
exarrdr:ﬂ e t@(]) % fornmed due to photo-induced
reaction
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t hrough hydrol ysis and deanmi nation at C4 position).
Included in the definition is epinmer. Excluded from

WO b@edsforni ti on are m nocycline and 9-am no  PCT/US2006/023613

m nocycline. 10 By "less than 0.9%total degradants"”,
we nean the ratio of total degradants to tigecycline
is less than 0.9% at 24 hours after form ng the

sol gt Ir@diUcmfg émcgﬁ?@mémuﬁg theﬁb&lygerﬁ’fe'v@l" mWFI'vVé%QNo' ldsthb@Br equal
CGener y. the cess gr ovi des a solutio

O oo DRt WS Fraae B o dee Empsraloimal pHL 2 6 toghbout 8°C;
abopt fdhitga S6IufiBn Bf tigdyefirR ik wile oy sﬂ%p %?é %bﬁ‘cetn'ﬂ%tlon of

oxyge | eve er is. less than
spar gidhgusH {9 fliﬁa’lng rni's]\/\)f"wfal Pas g paid F%Féﬁfatu%én@\ﬁ@&g@ﬂ fevel;
Sal ¢l Slﬂlhgtvleﬂmwmﬁyalb%o@d&@gf dtep i al s and the sol ution

a|d Jllzedtoareconstltutable

onBti et said RAbilon sk Sigp e frr 25 et 46 Mgk Shrgeonsitutable
pr oce@@whgwmr@gv@ ded al manufacturing hold tinme for
the bul k. sol uti.on of about 13 to about 24 hours for
t heSprEaiing:s V'Blpundtefﬂ'é@?%'i‘l ne powder avail able for
reconstltutl on and further having a shelf life of at

The [nvention provides a

ﬁé%é'ﬁaé? ?qH%O”p?fd@se "%@%?mbpﬁ@ewpvmﬁwbﬁg PFegegs igrat a
aondeatrpﬁdsrabmuaﬁo alpdl 2C to about 8C and the water

f b[yﬁ dW|th nitrogen so the ox¥ en | evel
£e 5 mgS %m% Rieigrarly PR MbPideRenatiiieble peder is in
tHeevidlidf biepdi 6ffthé BBoVd destribddBprowédsh bul k sol ution to

30 the start of |yophilization cycle of 6 h has been
devel oped to ensure control of degradation. 4 WO

Iﬁé%b?nﬁﬁe:tﬂarﬁﬁ&cbl&&lﬁéd BgsHdihe p-UW%‘je'a nyfsééroanm&wtg Bave a
manur ac oces roducti on_of
B GBER R s R e S Rersbboieat b 2B vaun ThEG g 1 ess

than 0.9%total degradants by first reducing and

R, B LR BR A PRAYING  erper at ur e ot about 20

to about 8C before adding tigecycline and form ng a 5
sol ut at about 10 t stil

mai nt Eﬁ%l TR Eygﬁﬁ'e?hé?’n"f’@g%ﬁ&d&ﬁhé%’ﬁrsq %h\Pe?e HR{g elution
sofiletdf tipeofcline fiemtiod maauiadtuving procesd) be added to vial s
and further |yophilized to a reconstitutable powder
and the vial further seal ed under nitrogen.

Pr ef eFlgbl2yshols ts@kieps ontheftigbtyatitey mahomciusingbrat@ssg/ ni
and the vial has about 50 ng of 10 reconstitutable
powder follow ng |yophilization. EXAMPLES The
PETALMDNQESLRIPTION OEIHESMMENTHONPr ocess of t he
invention and are presented for 15 purposes of
illustration only. Wile the invention has been
'Eimlcneisemdnwentldepajvldealadnawufad‘hurir@fmrbeésséorttﬁgef@pamiefeisca

SEDRATBNL bk S, ABRAT o 2 BRR 0

m’ap@etﬂme Bgﬂdyclmmedomhﬁemlavpmmrtma;dw pirolvideq fiofosalttioms of
|nvent| 20, The fall
lse{: froI} g‘@@:‘aa ‘2 cad tfgaﬁﬁ %g Lp cg&ee%@r?%tpr %an a% 80 L

stelgecycl i ne for Injection for a typical batch size of
80 L. Non-Sterile Bulk Formul ation Stage 25 1. Before
starting bul k fornul ati on stage, purge with filtered
nitrogen the formulation and filling |ines, product
transfer line and the formulation, internediate and
hol di ng tanks. 2. Add approximately 95% (76 L) of
requi red anount of Water for Injection in the 30
formul ation tank and chill tBe water to 2C - 8C while
sparging with filtered
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nitrogen, until the dissolved oxygen content is < 0.5
my/L (ppm. 5 WD 2006/ 138641 PCT/ US2006/ 023613 3.

woek@susss4t he di ssol ved oxygen content of the watBUS2008/023613

t he di ssol ved oxygen content is greater than 0.5 ng/L,
continue to sparge the water with filtered nitrogen
until dissolved oxygen content is < 0.5 ng/L (ppm,

aBl;dtotaII Gegﬁa@%’t@ MRk Whdsn éim%und@@r aprédtfctt?jl ﬁ%?%fé‘tﬁ@ Jesultof

pressurize the
%@égn of TEQ%C&%'HI% dﬂ@“@%ﬂ“@ﬁﬁ ﬁ’rlﬂegtdh'é tmméathrrpfttlnecyclme
f(ﬂ)’r@téﬁhble‘ﬁi theank 1p|5cbs‘ﬁfontf@rnﬂ drtotlﬁ gr%{dl& SRS ?@é@sl’uon

@) i nue wit ltere ro en anket
Hw Cgewraapnéo QiR G PfQS’UP‘I%eOE thARe epraDeuNdg arrsaducts
tfbﬁ—‘néif e BWRSHRIHTP réstiomPle. @’6@@%9@&0@ ﬁyo@%lgsns  Rhotoreactions

maintajning filtered nitrogen flow'durin

g &g s SU@S) WW%W'%LHQ%%&P%IS&W%@%@I nirotapinduced reaction
LRIGRER AYHDE SR dé%rrﬁr%tibn%@C 41§os?t1oré\dﬁ1cmte8 i frR"definition is

Iﬁrﬂectlon to forrru ation tank until
ighe/ REGtRd frasoithe defiitiop ke, @WO&M@ImﬁI %ndtgn@mm rainpeyeline.
8. Maintain a filtered nitrogen blanket in the

formul ati on tank. Measure the dissol ved oxygen
ddniesatharm® 9%, tojel dearadants’s atevieearibpggetiv oidntaédegredarnts éo

stiglsbﬁfdllﬁé‘ls'le?séméﬁ otdvan; ?4 ﬁot'ﬂg/alﬁfarfoﬁﬂﬂé I%JS?JLM c?frtlﬁgcyclme but

en sparging until a stab 've
Mﬁf'@ﬁyoph%ame is obtained. 25 Aseptic Filtration
and Filling 1. Fill into sterilized glass vials and
check fill weight periodically. Partially stopper the
Feasrally fhﬁ.pgow@@é@\edmmluuqmofdlgawcém@m Wt water labalr s
I I
&thf‘éﬂ@n cﬁab@%@m /‘nJlI ré%ré’glyé g@\ﬂ@%g\@epﬁr% X%gen

Load trays o pper rom
levellin g W@t@hlis ﬂ@s tpa@@é nm@ by sharging seidayater witl Qamdns nitrogen

M(ﬁ\ﬁﬁé’r‘éfntsa%ééluc‘horpm\épbgggﬁé&%&ﬁsﬁg‘ F%_Ir He AR/ g%g 17%13

manuf act uri ng” process I'S sep sho
'&%’I@dé@a\m@qﬁ\slm e Rowdsy. (I\/IaXI rrum al | owabl e Bul k
solution hold tinme) 5 Lyophilization 1. Set shelf
inlet tenperature to 2C ( 5C). 2. Load the vials. 10
Bhe ipverdientkevidased manyfaghuring percesphating @ tetAlemayufaduring hold

tﬁﬁé’t&?%é h@k Shelivest Agdueis I&éﬁlﬁ:ﬁg@?&@g’r tpé?%dd&'ﬁérgaf‘t

I inlet tenperature of
YasGyding poydes éIveIIIaBI@Jert regeifbitian ane fusther haviey arshbléllfewf at

esstaghh&ugsl. 15 5. Reduce chanber pressure to 150
mrorr (nT) 150 nT prior to start the Primary Drying
Stage.' 6. Start Primary Drying, and continue for up

THe iBGertion hfoddaed mahefFBRIKAY BFdtess wherein the WFI water is held at a
temperature of about 2°C to about 8°C and the water is further sparged with nitrogen
so the oxygen level is below 5 ppm.

A maximum sterile holding fime from the filling of the first vial with bulk solution to
the start of lyophilization cycle of 6 h has been developed to ensure control of
degradation.
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10C to +25C) or until the product tenperature rises
above OC, by 20 increasing the shelf tenperature to

WO e®@bn8sst1 product tenperature bel ow the col | apeBUS2006/023613

tenperature (-6.5C) /eutectic tenperature (-0.74C) of
the product. 7. Perform Term nal Drying by increasing
the shelf inlet tenperature to 40C ( 5C and hold up

tThednemtios pﬂfwdé@td thakF8cti @M@beéﬁﬂpﬁb?ﬁréﬁ&tlb@ of figecycline as a
F?ﬁ? ?@>30C for at |ea

trgcogsﬁg ahle, powdgr hgwing fess ghan 8o fotah dsgrgdantsvipyt first reducing and

fmdumern&@ tﬁefo&%}a@ﬂe@é!% WHPIRLR i® leds %ﬁa‘?ﬂpg‘b ENGhil! rﬂglﬁtamlng the

% E{Sarlﬁ%' i al vacuum to atnosphericC pressu

BPeialiEe at Rkt ¢ G fasalqub G hefors wn%ﬁfcwlme;ﬁr@e‘atmmgz

\BBILAO0 &Y A5E640 15T MdirR0 ARIOLAO hdinthiRing tﬁ@@rﬁﬂé@%taréeanc{ oxygen
f the sanple vials are dissoOlved in

%ﬁ'& Qﬂ?ﬁpﬁuw qftt'%wcllrge Ingyater: @M be addedde ¥ielsrand fartter

OobRIMBS PR RRIEAstARaBle HBYEESSH PBARE fLﬁfPl'el"géhAétng&r%ltrogen

gradient elution. Inpurities are determ ne
conparing the inpurity peak areas in the sarrple

parapmba/tth@ eomhds;oaﬁtg@ayﬁﬁét@ at b@ nfgyrﬁr awaethé'i/%@hé’é about 50 mg of

I eaks in the standard preparati
@b[éa‘f‘iﬁ‘/dﬁbfoéjPW@S lophtigaianant | y. Chr omat ogr aphi ¢
CoI urm - Length about 15 cm inside dianeter about 4.6

gs(] %\ﬁgacked with Inertsil ODS2, 51um size particles
lent. Detector - U traviol et

spectrophotonetric detector capable of operating at
Wth a sensitivity of about 0.5 absorbance

%H‘F {%nlovah |SX8pRles repieagitinePiRREs MRlthRinNeRiiomand are presented for
Mbsma cbfrllds&ahod'ﬁﬂﬁ Bhaé ehe ln\y&{t%h h'as ek @gé?@bteerm §8Lfand

E hori c ebggent gr.ade pr ox
Y %reﬂﬁ? F?y%?ﬁ&sf'f?&én MRS wlﬂbﬂ)apparﬁah@@ﬂe sillgd én thegrt
fFIat vadrloos echgeddsanfiohedificafeadmal baaste: toBubReh®odiments without
sium Pho?ﬁphtate - K2HPO4, HPLC grade. Sodi um EDTA
Qaﬁﬁrl%/u 4 rt'rﬁ“f"o?"ﬁ'é?”ﬁ%&@’@i"ﬁo'hm d Disodium Salt -
HPLC grade. Sodium Bisulfite - NaHSO3, Reagent grade.

Ph of di basic potassium
Wi olfubd BaSerthss advgedimens il int mpossmtot Tiedbatnaer byectin
fmtaéypucal\dgatclstsuzskbfeo L6.4 with phosphoric acid. Add 50
nmL of acetonitrile and mx well. Filter through a
0.45 pm pore size nenbrane filter, if necessary.
Deg«&erile Buite@stiéatipn Sidyei | e Phase B - Dissolve 4.35 g
of di basic potassi um phosphate and 0.93 g of 30
sodium EDTA in 500 nL of water. Adjust pHto 6.4 with

phds pegpiecstartingl bulkdetnallionistagfe, pagetvami fﬂtétdd&nﬁé@brﬁhé
rane

mell ore size

| terﬁ'hulét?onée @g&q?es [%%ci,gz‘t %lrlap ﬁ[e'&?s@‘grtpe @mpggtion,
ZOOGIIQG%Maﬂé@ﬁdeRMIﬁaﬁ%GlS Diluent - Weigh 4.35 ¢
of di basi c potassi um phosphate and 0.50 g of sodium
bisulfite

2. Add approximately 95% (76 L) of required amount of Water for Injection in the

formulation tank and chill the water to 2°C — 8°C while sparging with filtered

nitrogen, until the dissolved oxygen content is < 0.5 mg/L (ppm).
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into a one liter volunetric flask. D ssolve and dilute
to volume with water. Adjust the pH of this solution

WO 008/186wi th 1 N potassi um hydroxi de. EDTA Sol BCT/082006/023613

Weigh 3.7 g of sodium EDTA into a one liter volunetric
flask. 5 Dissolve with 950 nL water. Add 50 niL
acetonitrile and mx well. Tigecycline Reference

St agd Em@bsure,qfhe"’cﬁél%#ﬂ/e@to'k?g'jltg\t Ehnkep) of fﬁ@‘%vd’t?rs H'Itﬁegdlggolved oxygen

addi ti onal studies to investigate
pr oce<SONIRGt [sAraniet beg 0.&5mefh. ﬁ%nméﬁﬁéﬁa'ﬂtrgﬁ the watgrwithfiltered
di ssolnftrshePOBEMs SN d I 0 0
tigecy cﬁbne sol u?l onsedgu%/ %gctrﬂgntgéjo_ldo%mnﬁ% {?gb@féﬁq the
met hod@MBag@tye dcd@ur 8%C.are presented in Tables A to
O MATERI ALS AND METHODS 15 Ti gecycline Drug Substance
Lot # 871858C 0.1 N NaOH Lot #9712031 0.1 N HCl Lot #
2858 Soslinuespgioieg apdpresspidas themolding tankd g fikere@nitrogen.
Br aun)pjs iR D
pl asti és al olecja Méuhﬁgﬁ@? M?éé}qrrg:t LnZLr”a oetaﬁl%'Pn%ﬂo adding the
condi @rl&@bsmr@@tand cghie WithaBitanpd nltrbeerulslenlka’co
control t he headspace of the beakers. The batch size

nL. 25 1. Prepare the glove bag with a m xture
of $n Adédéﬁo &rif g substanea taeihe taninensyigethat thealrug subidtance is
sol ut 'n@f‘eﬁb%s@@ fo 4P S}{ H%ﬁitélﬁ‘ing %Herg%@ﬁr%ggnﬂdv%ﬁhﬁé ?% entire
beaker on the magnetic st er
cool ePfOCS8$- the cooler to the desired set point. 3.
Add 200 nL of SWFI in to the beaker. AIIow
equs.| M tHel Bilk sclQidie B EQufidift oxgsgen
content. Wien it reaches utheeg@gﬁ%% con ??ﬁ%n)@égdd
accurately weighed APl and mix until dissolved. If
NeGes Aal WASETos Piédiba td Bralidtish t%ﬁQhHﬁl'tlﬁ’é‘f drQb
2006/ 138641 PCT/p?éUSZOOGI 023613 ad] USt ment & Cluhiereigh? eoL)
of ei BHERChPIFPNRLYhEOlBioNN HO and 196 nL of W for
manuf acture. 4. After conplete dissolution, Transfer

f Solution in vials and stopper them

Th Sew(%rgqug avﬁ teredyitregen prnketinghe fq'i@uet'arptﬂn&spﬁﬂpa%tée the
heads@@@@v@;p@@,lgbh@aﬁtemm ace the vials in appropriate
tenperature conditions. 5. Sanple the vials at 1, 4,
8, 10, 12 and 24 hours. Send the sanples for

anal ySirs dugmx @n &&teﬂt%f %dso&ﬁloﬁwmo?éthah 0:529GIL,
for anal oW n 6‘&‘%‘{ . Measure pH and

r ecor‘&orﬁ% ?'t?ﬂegtnﬁ@g% PR il %ﬁté‘ﬁletq'sﬁé"vﬁé iopygen content
RESULMSasutped biwimeal Conditions The 1-hour sanples
were taken directly fromthe beakers. Sanples for

later time points were collected in stoppered vials

Awseptie FHeatidnrarid@lliag nosphere of the bag in 15 order to

sinmul ate the headspace conditions then placed in water
baths or refrigerator to maintain there respective

t erfpeffibitnie etecilredi dlaszngals Fnd Shéwiﬁlld\iyghtb@né%dﬂﬁ/ a!i’éﬂ”ually
saf et X | astic

r equi r%ppeéh \éﬁgb}'hl ﬁgggmukflgﬁ gorgyple d wnth 6 hours (Maximum

allowable sterile solution hold time)

2. Load trays with partially stoppered vials from the filing machine. Place the
filled trays in closed transport carts.
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nitrogen and air to maintain headspace oxygen | evel
that will result in the desired dissolved oxygen (DO

W@ ovbasse4i n t he sanpl e. The pH of sanpl es was PEBRBES006/023613

at 20 each sanple points. Strength and Degradati on
Profile Strength and degradation profile was anal yzed

by HPLC as descri bed above. The results show that

when oxygen is renoved fromthe process and the
tenperature i s 25 controlled, very little degradation

i s Seell® RYIACHENG Rrogess SPioghissgr Bheme be@pm?aj%with 13-24
t enperauty @aandintdlienabiEBIK ssiulidrshal tiﬁrgs?se addi tional
studi es show that when oxygen is renoved fromthe
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8. Break to a partial vacuum of 12.5 psi (+ 0.5 psi) with filtered nitrogen and
completely stopper the vials.

9. Break partial vacuum to atmospheric pressure.

10. Remove the vials from the dryer and crimp-seal.
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Chromatographic Column - Length about 15 cm, inside diameter about 4.6 mm,
packed with Inertsil ODS2, 5 um 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

Acetonitrile - HPLC grade.

Water — Suitable for HPLC.

Phosphoric Acid - Reagent grade, approx. 87% H3PO4.

Potassium Hydroxide Solution (1N) - Reagent grade.

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
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 um 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
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.
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%’ e results of additional studies to investigate the effect of processing parameters

such as temperature, time, and dissolved oxygen content on the purity profile of
tigecycline solutions using the following materials, methods and procedures are
presented in Tables A to O.

MATERIALS AND METHODS

Tigecycline Drug Substance Lot # 871858C

0.1N NaOH Lot #9712031

0.1N HCI Lot # 2853

Sterile Water For Injection Lot # J3N472 (B. Braun)

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.

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.
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
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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 ~20°C
for analysis the following day.
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
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
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
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
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

8°C and 2 ppm dissolved oxygen when compared to solution at pH 7.7 and similar

10
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1. A manufacturing process for the production of tigecycline as a reconstitutable
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 2°C to
about 8°C;

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;
filling vials with said solution of step b;
lyophilizing said solution of step ¢ to form 25 mg to 150 mg of
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.

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
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 ais at 0.5 ppm or less by sparging with nitrogen.

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.
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step a at a concentration of about 10 to 50 ng/m
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nitrogen. 30 6. A process according to any one of
clainms 1 to 4 wherein the oxygen level in water in
step a is at about 0.4 ppmor |ess by sparging wth
ni trogen. 20 WO 2006/ 138641 PCT/ US2006/ 023613 7. A
process according to any one of clains 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 clains I to 7 wherein
ti gecycline powder 5 available for reconstitution
prior to intravenous adm nistration has a shelf life
of at least 18 nonths. 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 1. 10. A product nmade by the process of any one
of claims 1 to 8. 21
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