SALTS AND POLYMORPI IS OF A TETRACYCLI NE COVPOUND Rel at ed Application
[ 0001] This application clainms the benefit of priority under 35 U S.C.
119(e) to WegdeonQsdde S. Provisional Application No. 61/ 18y &bdyenhdih£d
on May 23, 2008, the entire contents of which are incorporated herein
by reference. Background of the Invention [0002] The devel opnent of
the tetracycline antibiotics was the direct result of a systenatic
screening of S@h’ﬁﬂ?ﬁﬂbfﬁfﬁm@ﬂﬁféﬁﬂﬂf gacmﬂf:tcg) ol wor | d
for evidence of mcroorgani sns capabl e of producl ng acter|C|daI

and/ or bacteriostatic conpositions. The flrst of these novel
conpoundsRmQQdm@bhgggﬁed in 1948 under the nane chlortetracycline.
Two years Iater xyietracycline becane avail able. The el uci dation of

the chem ©O8str uc érrdjication slsanstbafraeiis PAIHY lpdends VS« 1%EXP| ari ty
and furni ﬁdﬁ@ﬁgb@f’mﬁ&l‘ lcal?l%ﬁN% él@fzst7h§ QUG i?s“ztfbfs e Lifd d
menber of this in tetracycline. A new’fam of

t et racycl‘i"ﬁ@n‘i’wgrw %mWWéﬁdﬂieﬁeWé)ermejﬂ@ttached met hyI group
present in earlier tetracyclines, was prepared in 1957 and became
publicly available in 1967; and m nocycline was in use by 1972.

[ 0003] Rec%%ﬁ&ﬁ_ﬂﬂ orts have focused on devel opi ng new

et racyct fogeant | Dined deel6iRiEASHthd Ryl aititidtfs VAN AL MG o

t herapeutic condl tions and routes o m ni stration w tetracycline
anal oguesSyHsRicsrseningefisoil preeimenspellecicd firine mannarty pbeword becwdned t o
or nore efifg & L

opounde TRu ook dp ol Bkt B RO B SN s Tug.
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of the ran p ar maceutical |y active tetracycline an racycline
anal ogue ctf B contmediheir Smipity and frmishedihe analyicalttiags for i t i al

devel opngRéduatish df@&}ﬁﬂ%&ﬁue%'ﬁtm% uf,ﬁ{fg?,ﬁ&}ahﬁ‘ﬁ R hEw ?a?xﬁg'r%ft o be

hi ghly effective pharmacol ogi cally agai nst r1 c ett sl ae; nunber of
gr am posiFaFE! ’aﬁ&”ﬁ?"&ﬁﬁi%ﬁﬁ%ﬁuﬁthénb&éﬁ?@htrdanetb)ﬁaromeremgmtesrhmes ponsi bl e
for | ynphegicadhiubwas p&%ﬁ%ﬂqgm57laaéb&&h99u&1@mav£l&ue\(ﬁ 95% @8fhocyctine
psittacosis. Hence tetracyclines became known as 020 spect runt
anti bi ot i M ¥PEK 19 Re e subsequent establishnment of the| rinvitro

antimicrqbigsl act i Ndchatly, 1%§Jaﬁ;ﬁfeffb’x%‘s']ﬁ$§fobﬁbe@&?&’évhl‘gﬁ% ﬂéw ieﬂﬁﬁﬁﬁdeons and
phar macol ogi.cal propertl es,. the tetrac%c ines as a class rapid

becane wiZHEMOHA rOBROTIAR0S Pﬁ‘%ﬁ“’o’ﬁ)‘é{ﬁ'ﬂ ErpRe erareytic ¢qpdiigrsrand ryies ofyj des pr ead
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| ed di re}ﬁleéuio t he energence of resistance to these antibi I’EI CS even

anong hi L BYSFS %feéﬁ‘ﬁé‘@élﬂfi %gl@]&wﬁe@cﬁfb@ﬁw@@mﬁ@mw@md
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tet racycl I$§ (g% %ég anl sSNnB as in a (gener a1 EC | ne in
use of tet @éf b Sgaﬁ 3%09 é@%?ﬁ%éﬁ%%ﬂ%g@é 126:/p& sThepamtentsgret he
anti bi ot irgr@kntehiRiot e rin@@@ﬁh&@xﬁhelﬁbﬁrﬁm&&ae?élmg ﬂ{m&wa?chhé&aﬁigu

optimal therapeutic bl ood concentration and a | ethal concentrati on.
The bi oaf3PEbIPFty of the conmpound determines the dosage strength in

t he drug [6epayul atumgtomqsasss@faﬂeme@hﬁtﬁwevua EH SR inRbRRkL Byel - I f
the drug cancf stallize as_two Qr nore polﬁ)@@%s differing in

bi oavai | dB1FY ‘S}éls“feﬁ opns te b Pighly sEective phagapre aepiastisksfivieesph -
present inBmb&ief bafmBskivd 21 gnﬁpﬁ@gaﬁl&etmaeﬁéim fBle QE%E{S Q(Wp(;fﬁfbgs' bet ween
t her apeuﬁl c.and | ethal concentrations. | or anpheni col -3-pal m tate

(CAPP), f@pPhegamyipraa Vqﬂgre%rnﬂpﬂwr@s@evmwemﬂ pHitaspsie Henoeutetragyclines

crystal | bZ@umeMné\im 4seBfohd SREEERAL 1MHPJSP|W191 tﬂt%ug&q ? BIREsHARS HHoys
form The nost stable form A, is marketed. The "di ?erence I n

bi oact i vilt VP artiembiekaeavilyesistiveness dherpemraeind infeciens, and phirgiagoldgicd or
of el ght prdpbiéss, Be@dabftlndsie 2 PRSI bl¥m@videR Rbd RY BEAPSAIGE0%s.t NE

However, this widespread use of tetracyclines for both major and minor illnesses and




car boxam de (9-(2, 2-di met hyl - propyl - am nonet hyl ) - m nocycl i ne).

[ 0009] I n anot her enbodi nent, the invention pertains, at least in
part, to aywoheikgahd of Conpound 1. I n another enbodi Maityuhi®oisias
invention pertains, at least in part, to a tosylate

(p-toluenesul fonate) salt of Conpound 1. |In another enbodinent, the
invention pertains, at least in part, to a nesylate salt of Corrpound

1 [00010]dlﬂeaﬁa@@d@%’éct@ﬁ@%'eﬁ%@nce%bﬁ:mbtﬁ%@% {hedd aﬁt@&&tﬁ%@vsmaﬂ{fo ng B8R
part, to a stable crystalline formo oun i [00011]In ano h

embodi mentuscepifie bairaal ﬁpﬁﬁesﬁéﬂkcawﬂsah@dlpggggemcﬁe -Haprenmeepcel agd ab| e
crystal | i sdmbeni ahe ﬁs@@tétra@}cl@féﬂ%@réamsﬁ@Bas%‘sﬁm iffa gErtk?dl ﬁéo‘?’i% fa

crystalline formof a salt is a stable crystalline form of
tosyl at e, SRHELCEIYRESY Fk ierasuiline graloganirsimebitians 5 oeaizpety Oéﬁ]@ﬂcﬁfer

embodi menfogogihe | NEARA h%aé&h&@b&ﬁpouﬁ&hds%@%ﬁtuhd’l‘ﬂﬁ@afn&uhc%ﬂ;o@ pol ynor ph
of Compound 1. [00013]In_another enbodi ment, the invention pertains,

at | east GORCEERHON apda lethabeapaenatione Tha bigayailatility chthe eempeund dgtamaeatbEor

exanpl e, 40 'sﬂMﬁrﬂltlh%(ﬁ’@éi@;rﬁﬁatfoﬁ n@ce&g}yxg%tﬁm ﬂ’%fldél Iglgo?tylle\?etl eIf%'dﬁu f
Conpound 1. The_invention relates, in part to a forml

Conpound ¢ crppiall IFWéWP wamieépbar@@hs Hiffepng in biogvailabibiynihe omemgl ﬂmmplh of

Conpound depenfiRf th rpre@h@ah @S t h of
Conmpound 1. en[ 006 ?6 or exar | e, fo%nﬁl}#l&{ S&&&%ﬁﬁdﬁgg%oéﬁ}%ﬂe salt

of Conpouéveen H‘é’é?‘P%“Pé?d Is ceamtmac@m@rnm gl-Hpalmppe é&ma,tfet y
8. 06, 13.&¢mpRN6a §Ba8Helidin ﬂbﬁﬁc fehbvPro AL Qe lellé? ﬂl?&"ﬁ%gmogs

enbodi nent s, the form 1 poly ph of a tosylate sal
has X-r ayfomeame P%W‘FP‘&’@? f°6‘ﬁ Eb?alklgst atﬁblaﬁmlo&4 lﬁrﬁ@%qesad 8T1®ehﬁfq§ncam
13. 02, 18&;&3tivibeRrben ﬁﬁhdpo?ﬁno';ﬁl anaqnotb& k3, BlUis gﬁcfoggf ééﬂt,qgus nc}%éﬁtlﬁé)tggi

enbodlrrents the form 1 pol ynorph a tosylate salt of
has X-r ayPopuhil@ ! Gl preadasagsh oﬁéaﬁgnp&vndazé m\@%ma@taémyusaer@bm fgnoB duego 57,
11. 41, 13&1@1&101115@ prd& sy ana@r §&ag@%ex%ﬁro5§3gu1%%r}u RGes ek Es the

radi ation. 00016% or exanp aformil Eﬂ a tosyl ate sal t
of Conpouiited Staies Epogand Doﬂ*g f*%fﬁﬁ@?rﬁtoarl@"? =l FOasﬂgé tlghtGﬁlmbmnﬂl@ Cto

about 70 dolynlofplSOdBRteBISTUNY LB dmpbitar ih Q61N dbsR rhRY megéralafo} &&%g& at e
salt of Conp oudcjﬂlstable at tenperature in a range from aboUt C

to about B e¥st I} poluppphic Ayyas: ihapthing q%ﬂxabfhﬁpmrEp@PwWﬁu@ﬂy areferred

t osyl at e BBjnto 1smﬁpﬂ#medlthb Rhagdh tr@a??ﬂ ﬁrEHit@n-b blcH ARERriAd OM
about 20 oqgil;out 30 %OOth] T?gdfocgm gy )nof a tos?léz’ate

mor ph
salt of é&h?&oniesc&fawrﬁét bioth Wé‘?ic%?“dd%ﬁe&%‘%l Ff'z”iFCFF@ to preduce a3 madrket s a| t

of said ca@amwmdgﬁnfsrm fh&e e pRaRally mﬁtﬁ@&&ﬁh&pﬁ s@saami@ ﬁe@ of&fléﬁ 2
pol ynor p ate salt of Corrpound has X-ray powd

of tos
diffracti nf?ils‘/tf*’é’ro dpalypormle- 7 g2 11.88, 16.12 and 21. 46 ®420 usi ng

Cu Ka raqocwsqon [M%%@ﬁdﬁ%ﬁﬁ%k@coﬁpoﬁ%% dMhIHPME RmObs Be £QSY| at e
salt of Con'Bou has_ X- raéﬂ%owder dlffractl on ﬁattern eaks at

5.11, 8. 8™ &S alty gre ogo Phesmaceygia) &t pplieet e feamica é?iubﬂlty,

[00020] | mlg,gatmmefe,hﬁ@avamﬁm ORdkical Eﬂlﬁ)hlyﬂb'@ &amﬁ@ fidVeabiHBe Fractabili

phar maceuti cal .conpositions conprj sing stalline form of rrpound
1 and a FS’HE‘P ]Llltypgélp F?m%eéﬁ%ﬂiaé%sﬁ Bﬁ"p cifigeqy 5 dyg Prpducts based on

carri er cand dogfpou]dqQR244. Fﬂﬁapﬁ:&ﬁ;ﬂ%cﬁm Dxﬁl@DEHB@JePﬁHQM s@Rls3),
corrpoundc[&gm?m ti OX of, . the_ jinventi
ccordingly, 1dent1ﬁcat10n of a salt form or free base of a compound with
optimal physical and chemical properties will advance the development of tetracycline
compounds as pharmaceuticals. The most useful of such physical and chemical properties
include: easy and reproducible preparation, crystallinity, non-hygroscopicity, agueous
solubility, stability to visible and ultraviolet light, low rate of degradation under accelerated
stability conditions of temperature and humidity, low rate of isomerization between isomeric

forms, and safety for long-term administration to humans.



i ncl udes a conposition conprising a polynorph of Conpound 1 and a
pharmaceutically acceptable diluent, excipient or carrier. [00022]1n
anot her emﬁg@P ot he pharmaceutical compositioncompggy

i nvention 1 nc ﬂ%@s a salt of Conpound 1 and a pharmaceutlcS?Flm]iohﬁ43
acceptabl e diluent, excipient or carrier. For exanple, the salt can
be an HC1 salt, a tosylate salt, or a nesylate salt. [00023]1n one
enbodinnnsggﬁqﬂaugﬁg%ﬂﬁﬁﬁﬁﬂﬂ cal conpositionconpound of the invention
i ncl udes @ ym)rg1 salt of Conpound 1 and a pharnmaceutically
acceptabl@oﬁﬂluent @%@Wﬁ@éﬁ@mb&e@Hﬁﬂmepmﬁﬁﬁrméwan@p@tﬂl&@ﬂ%ﬂhﬁﬁnrph
can be a r N I f
Compound e TEBuB4] e O B 3t e bbb cec Rind BB CORpbunt
conposi ti &n conpri ses a pol ynor ph of Cbnpound 1, or salt thereof in a
pure form [00025]1n another enbeginment, the-pharnmaceuti cal

conposi tion of the invention incljides & palynDth of the tosylate
salt of Conmpound 1 and a pharna < abl e dil uent,

exci pient or carrier. Fo | olphmgan be a forn11 a
form2, or a forms3 polynnrph of at &5l t Jof Compound 1.
[00024]In sone enbodi nents, the pﬁhrﬁacéwtl@alOconﬁD5|t|on conpri ses

a pol ynor phg4af. ound
lina pure(d'fg gﬁrg]’% %%% %agll %’S not e%lugs) 93@?%%@%&" e I" im%’ﬂg
salt of Corrpé,lh%ﬂ,II_ZA@trnlmdé)XS’tlalﬂk@mkﬁaﬁ%,ﬁéAfénHel%azc@hmrote]mtp%rzm 1.
[00026] I n anot her enbodi nent, the jpvent.bon includes a method for
preparing a: stable crystalllne formo npound 1. [00027] 1 n anot her
enbodi ment, the |nven(?6%2@n@ﬂwhmgnﬂanmmh@dwﬂmmngwdp@&ing a stable
crystalli ormo

y [@905 ﬁxﬁotﬁ@lj etmb(a{il ne{mlgmnt;on )?FR gtﬁ%%! ift Ba.rL Sfﬁé]?e sal t

crystalline can be a crystal
of ~ Conpoutfdompopsiolo A8 paqihes poberimenty theoidention pertahne, at lest ntpaantmanoﬁylmtbes a

met hod f t&ﬁ&ﬁﬁflfoﬁ&eﬁa@m {)H?ﬁognd Pf m3n &ﬂ%{ m?gdn(;igﬂptﬂ?ﬂl%njaoln_’g amos,rat

exanpl e, The pol ynmorph can a tosylateé

mesyl at e 162 | nsft, t@:@mfexlﬁelsaltof[tbomswqdlln anot her enbodl ment, the

i nventio udes Lhofdo I | at e
salt of gg%g?lnd 1E%E§§ ex Eﬁkmpﬁﬁg%%gﬁﬂﬁozgﬁ %g%&gﬂpﬁi orn1T¥
form 2, omy%ﬂ$@ﬁﬁmyﬁﬂﬁmﬂﬁﬁmgﬁ of a tosylate salt of Compound 1.
[ 00032] | njoea) enbogi aﬁ@tﬂ&nen‘fbgﬁrﬂeﬂtvﬁnegﬂvgﬁlohﬁgﬂtmeé l&stﬁb%ggogé?{b]

preparing a forn11 of po a tosyfate salt o
wher ei n tHestakine Pg@ynp oupdrbi Fr sxpnmdntheuble trywiatline ﬁmg@lf eeaittlst o)

pr oduce aaﬁalbwcrrygtalmcfoﬁﬂ&hangsypaé ﬁt‘k‘@ﬂﬁ&&lﬂafe%%&f@&ﬁ dund O exanple, the
sol vent can be an al coholic solvent, such as |sopﬁbpano The

p-t ol uend98doni ¢ Henefherembpdiiicatethe inyention aprsins at destfin par, X5 polyTEpine %
relatlve,ﬁthggm@mpunt of said Conmpound 1, for exanple, from25 to 50
w% from30 to 40 W% or 33 W %relative to the anount of said
Conmpound [#0018hr  exBmpetacr epbadimentoihg iyyeriion pertins, 2 deagt in park foamodiaebrpn a
form of Qﬁﬁ@hp&ﬂ&ﬁﬁJ&ﬂﬂjC aci d nonohydrate [00033] For exanple, the
slurry is warnmed prior to the addition of p-toluenesul fonic acid.

[ 00034] FIPOULhnpl eForteﬁén@?, theriyventongelaies iocp nebymorph dfe tossldtetshloef of

p-t ol uenasdihdodi £ Bifeliflvenfiet reﬁfé@qﬁ)bﬁt total?ﬁ-mslt ﬁcﬁﬁh 6?:‘3 B&l&éﬁt egcat a

tenperature in a range from 20 t C. For exa e stirring is
conduct edPYgHomslates, ip parkigferm 2 B@E}B@'Plf@f Casynonpd b, Theh@fegﬂlqmrrplyteﬁ,

dried. FQfartQ@¥2fh polyRfrpdadrelonpaitaqnt of the

[00015] For example, a form 1 polymorph of a tosylate salt of Compound 1 has X-ray

,—r

3

powder diffraction peaks at approximately 8.06, 13.02, and 18.83 °26 using Cu Ko radiation.
In some embodiments, the form 1 polymorph of a tosylate salt of Compound 1 has X-ray
powder diffraction peaks at approximately 8.06, 11.41, 13.02, 18.83, 20.54, and 24.53 °28



supernatant of said slurry is in a range fromO0.2 to 1.0 ng/nL, or in
a range fromO0.4 to 0.8 ng/nL. WD 2009/ 143509PCT/ US2009/ 045143
[00034] I n weho@PQqtdeer embodi ment, the invention incl ud%mmﬂqgg or
preparing a form 1 polymorph of a tosylate salt of Conmpound 1

wherein the method conprises: preparing a solution of Corrpound lin a
solvent or a conbination of solvents; and adding a sol ution of

p-tol uen i f

o e NSO - 5Ol o IR, LB GRL

met hanol , Cemprand |l haso¥- -riygopdensiffrottion Peaks etepppkimatd hB6@ 81916] Sz, ilbrhl of
solvents {41 1892 1883 30300018 55 RN ol BXATP! ©, the combination
of solvent's furt nprises a secon i€ sol vent. For

exanpl e, [0P@16¢onbi Hratencmnplc;fa fernd Vpoiymorphof udgsatesahaalﬁdbmﬁmﬁd 1 is stable at

i sopropa X | Q i-an sol vent h
i ncl udesn%rrllpea{n e-lgo%%g%ﬁ?mgg%tﬁ o a@f’utr@ Ceo gpe © E%dS“B%“t ?Ehe%?—rﬁlrl
exanpl e, pdipen@plnefra tosybtamib of Cbmpouns 1 iettiblé atnermm’hutram dvei geyitond abouit sy |

et her. X o~ e co atl 0 nt s udes | coholic
sol vent an&ggﬁomg% i 48 ‘)v“é“’n (ﬁm tgﬁ%‘r“&q ROE@OF&PB ﬁ%%@ﬁ%g?fasol vent's
i ncl udes Gabpvand| isdaide amﬁnlrppi-amre It ryhgeditolredbout{ 2000 B/gboay 30eganpl e,

5% 1rom 200018750 Wl 5% S LRPEBIRT 3Ee [ufe st ot aPabs et Wi

anmount of crgstaliiringnihgposyide dalt dfeaid e‘xmpqainelfpnil@dm@@ﬁﬂul fonic acid is

rovi ded g form.of a ptal ue Ifo Ci drate For
gxarrpl e, 'Jtogbel%%ol uﬁ%n oI 2 4T %Porg ?feﬂﬁ%’?aéeﬁﬂ'ﬁgpff?f“%wf’%hb%go’&

to 60 C, pmhd&drﬁﬁﬂﬁfn&}ﬁtﬁremaﬂl; g ’Iﬂnglg&%&‘ ﬂ@l[lloéoﬂgl 2&@24@ sing QILﬁI@cEradlﬁtlon

t enper at r e from 0 : xa t he
SO|mL)Iti onttbgm\%gr dlg:1 %gfwé’?pl?’la form i)‘?‘@ﬂ’&?’gﬂ"llaﬁiﬁsry Om%%@g%ﬁfﬁ%n is
mai nt ai nqﬂwaarcnfﬁtaamea@arﬂp@km5a11raageof3,nqm73@Ildg&ﬁz@um c@koabout
45 C. [0004%?0r exanpl e, the nethod further conprises adding a seed
crystal JP#PRot osyl ate salt of Conmpound 1 to produce a sI urry. The

slurry neyodee] st i rmeet dnotherldntoimsht, 12 WheniRhm ihddide acégicliour s.  The
shiny may be stirred at a tegr;'?erature in arange from1l5 to 45 C or

at about %HPESIIOPR LOTRRTIFNG\A CRY wef%%&?mmndéﬁa%wmmeﬂ%r er

cont ent cafccdptme1e31h1uénr,3ex¢1p1emtr¢raaﬂiawﬁerof 1to 10 wt% or in a range of
2to6 wt({ ﬁ abo t 3 v&% e][ngOM n_anot her enbodi ment, the

i nventi ot @Oﬁ ud Qéer‘r"é% il POTEPoRnde RS S {edrvshiant o

t osyl at e ifcthdes Qéorﬁiib@iﬂﬁhl&dnpl151n\gﬁa©b@hﬁqﬂlhﬁcwb$1ﬁd 1GANPpRSRScentithBp Ol Vi Ng
a freebase of g%ﬂgn? in a first solvent or conbination of
g

sol vent s ¥EPHB ef“é"t’le’étSFEﬁr?‘?fn di ssol vi ng p-tol uenesul foni ¢ acid

in a secqou2spl verin aﬂcﬁth@@ﬂibbdiﬂbﬁtptae pﬁmﬁ@kﬁdﬁ:ﬁl&m&:&ﬁﬁdﬁ&éﬁ@uﬁ@@ﬁﬂ@
sol ution;, and c.o n (#%d fi rst nd, second oI utio forma
third sol B 0 ﬁiqﬁ ﬁé’h%fma'f%c Iy pecgpts %r RloFigipient

sol vent @i cadebiFodianplephe S cmenet £ EIsak e tbyRiesaliBr @methildé @rent . 1 n
such as

anot her ment, the s lvent can be an al coholic sol vent,
net hanol %H@?gjanol mgﬂ‘cﬂe‘}ﬂ? BB thedpharm % armjageutical CARROSEGRMPREIKOL theh o
conbi nat inwendn 1nﬁﬁ)dc‘d&1361§mbtphaf £§Hl'tbif@ai1p@ﬂldqfan& ¥phadh £RR@hllEacsQhab®Nt S,

i ncludin t not limted to et ndlso ropanol. In _a referred
exarp! e, SREGETBREL GG B FaRECOrIBENER T S AdoP TGS RRGHS P

to 1. InH(Hkalal@ﬂhb@atﬂﬁb@ﬁCmpﬁmduhe corrbl nation of solvents is a

combi nat i cl udes, but, i.,s not ted to, an alcoholic solvent and
an anti - 4@(}5\;@2 gh‘émne bodimsts, th ll‘ﬂ WORRSRICaLGOMPOTTHQn COgPHSes 2 For

exanpl e, pbtymoqmrﬂymmpma 1p$rsstr@th\éeamalp5xeqoﬁpnbl natl on that includes,
apol and methyl-t-butyl ether. In a

but is n 6 ted to,
preferr eg [@ggﬂlp P%‘Ehe& 8’?" QAMETHALET W@S‘Eti%‘ %FP?F@%%&I%F inyigpgion
met hyl - t Sdlideé a ﬁilﬁ@rﬁrph 6f the fofylde Zalt dfORRARININ 800 bRRHaRERANY AR abld he

nmet hod further conprises adding a form | pol ynorph tosylate salt of



tetracycline responsive state in a subject, by admnistering to the
subj ect an effective anount of a stable salt of Conpound 1. For
exanpl e, t{)ppheARsPosalt is a tosylate, an HCL, or a gy op@ilz O
Compound 1. [00048]1n yet another enbodi nent, the inventi ([)[ﬂstzlﬁhn?él udse
a nethod for treating a tetracycline responsive state in a subject,
by administering to the subject an effective anount of a pol ynorph of
Conpound diluehtO8Q N & Mefer. 3PEDRL Iee{EQ? %hcaﬁﬁlaﬁ‘aﬂof}é{?r!}fbﬁ{'z opg! udes
a nmethod for treating a tetracycline respofsive state’in a subject,
by adni ni B ? palymewhiof wosgeppaial Cempeiiidet i ve anobunt of a pol ynor ph of
salt of Gopmpmynd 1]115%9;@3,%@&’@9&% ﬂk?ﬁu&%&éﬁﬁ@é@&n{o@%’. 1?90%&' aymor ph- of
un

a tosylate, an HCl, or a nesylate salt of Conpo

2009/ 1435@@@?&1@2%@!@45% splbUBeylate splif Geropdved 1 éndioué feent , t he
inventi ony udes f e
state in 3“‘1% ot TSR a el @bk RAkGD el S AR DF pFARRIALY
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FIG 1 provi des an X-ray powder diffraction pattern o
conpri si mlmﬁlalt?sm@te@@ﬁﬁ%ﬁmomndak Bos exgmtia, the pplymomhicaeks afrnxd ray
powder dlﬂ‘;ﬂ‘n{%&hmm@%ﬁﬁao&lpr?&fa%y&e%ngftfoﬁgo@ﬁ&1ng material (E00285),

form1 tosylate salt, form 2 tosyl ate sa orm3 tosylate salt, and
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powder _diok} figiGdnksiomB iy foSolfiraanpl es conprising form 3 tosyl ate
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purity). Detailed Descripfion the I'nventi
[ 00053] TEvReERERET ofid el lsahﬁr%@fr@ré O@dﬁﬁ&mmw tapgrfrdve®d tkhdwn t o
have |impgadi stability in the solid phase freebase form One such




(4S, 4AS, 5AR, 12AS) - 4- 7- Bi s(di net hyl am no) -9 {

[ (2, 2-di et hyl propyl ) am no] net hyl } -

3,10,12,1 t roxy-1, 11-di oxo-1, 4, 4A, 5, 5A, 6, 11, 12496, et
racene- 2- Zﬁgrzg%gilggnﬁﬁge [ 00054] Speci fically, Conpound 1211%5 a @3%6?%\?\%
anmor phous solid that is unstable at tenperatures higher than 0 C and
when exposed to air. Conmpound 1 nust be stored at tenperatures bel ow
O Cwth b(ﬁ? ed exhnes i

noi st ur e. [bOJtS| de o%t%@@g}%}%&% gplteﬂfq%‘ggt?ozﬁg%ﬁdl fnethb& %E%ﬁ:%%nﬁg 1
degr ades foon p polshmcwhgbyioadalt ﬁfdbrpf@owgmdsl wh@blumemgeﬂmdrcomg@aeadatl on

products
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met hods @Pimnplk,l thgcmﬂb@abvw@ﬁsahbntﬂecmdﬂsmﬂlpméam isfpoopasgl. Pol oxaroplphhe
fornms, f n : Bl hods

therr uos PamER A Cect Huffer i PR bal o PATRINS whond Wi B IREF 101
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Al. There Is no teachin estlono cr sta I'ne s of
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100059] THAZF o " HRE St 1 soliidn, €hroBlr0RG iR RES £ R BB o0
tetracycl "Crat adenpsaie in aregerfraen heledS ferotiahpienyerehusdh & thngd fome 26 r2fs  of
tetracyclosgne conpounds for manufacturing and bioavailability.

[ 00060] The solid state formof the tetracycline conpound, Conpound 1,
can be a (09078} al | i Fpe cxamplg, tipiseludonyis wainied aBterfibis pepdred. Hisr compbuthd can
be a 11 eQoRAsis il 4 Rplafltin Rlanfl £LRL6M >0, bigs Qlout o e€ base
conpound can be forned. Exanples cén e used to
convert tH&4} ee b@SéXWI%t@a#eﬁhoﬂrf@’ﬂﬁﬁ@mmﬁﬂs aétileg mesed privsteltofd to, HCL,
p-tol uen%uogﬁmesmmmﬁamdl I4BRAERL, Cirfle SI]HPL‘% sib u%'zq
benzenel sul fonic acid, and acetic acid. 700061 e neutral torns

the conpdgwasr foaghayel? yen dhasieay myy beotiirad etiarfepupeaucs i 4 rangetftpoal ‘-btas e

or acid qedc'o?QHa%BﬁtQ@°éh?h@ﬂikﬁf}ga)p&rﬁﬁg&' fﬁ;ﬁ@@a@%\/&@éﬂt&%ﬁmmnner

The parent formof the conpound “may dif m the various sal
fornms inskepising gy of bin 10pvtéperinpaange Sﬁblh 6&@“/'591 bt 3 wiyh. i n poI ar

sol vents. OlfCQQP 62] Ag JHiRRE 'éfni?&ﬁmgﬁ rtﬁé HvenBoR i Iﬁéﬂl{o(a"f&q)r form
di fferent crystalline forns of
1 polymorph of a tosylate salt of Compound 1, wherein the method comprises: dissolving a

freebase of Compound 1 in a first solvent or combination of solvents to form a first solution;
dissolving p-toluenesulfonic acid in a second solvent or combination of solvents to form a
second solution; and combining said first and second solution to form a third solution.
{00042] In one embodiment, the first and second solvent or combination of solvents
can be the same or different. In another embodiment, the solvent can be an alcoholic solvent,

such as methanol, ethanol, and isopropanol. In another embodiment, the combination of



Compound 1 can be generated has been devel oped. More specifically,
t he inventors have shown that the crystalline form obtained mainly
depends o e of the solvent used in the proce he
pur poses (r)\?(b?ﬁqgéq%(fggscri ption the term"crystalline forrsrf‘i%nrf eS?SeOrg}g%ﬁés
ei ther a pol ynorphic formor a non-anorphous form w thout

di stinction. "Polynorphic form refers to an organi zed structure
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tosylate, an HCI, or a mesylate salt of Compound 1,
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3,10, 12, 12A-t et rahydr oxy- 1, 11-di oxo- 1, 4, 4A, 5, 5A, 6, 11, 12A- oct ahydr ot et
racene-2- carboxam de. [00075] Each salt of the invention can be nade
froma preRaras /1Q§1509f Compound 1. Conpound 1 can be sy '25‘)@%4%‘3
obt ai ned according to any nmethod apparent to those of ski In the
art. In preferred enbodi ments, Conpound 1 is prepared according to

t he net hods described in det a|I in the exanpl es below. See, e.g. ,
U.S. Publiogaiol on Ng. yeto-eglg FP&%ﬁg&nﬁkhe 1&@%1&1%1%% $ m@thod flk %Qatf?iég

her eby i ncor por at ed "by erence I n their ent
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be cont a%@&lné’\érﬁ&dﬁﬁ% %pﬂggﬁérﬂfﬁfeﬁ% a 60&4?§Irw1ﬁ1l?ltcolg S. Surleus e from
adm xture or dilut |on) or ina suitab e I nert vert or sblvents, to
yield thdaesglis forns of the invention. For exanple, Compound 1 can be
contacte 6P a pptohy N al t
forms of tqp j|qnvent|on |00 %]%n{h% Qﬁér?ﬂ ecgé(’iﬁlsges%/s\%gtetggﬁgljtg&a%c
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salt of Conpound S'sta nont 0 C and for two years
at roomtenperature (25 C). [00079] As shown in detail in the exanples

bel ow, t RfidrPayd ‘Sn%ﬂlﬁ:]ﬂﬁw gpound 1, and pol yrnorphs thereof,

di spl ay desiral 2 Pol ymor phs of Conpound 1
[ 00080] TiFéGplrm'éﬁfsam @mpp‘mﬂ\erdzfﬁapnpn D%ﬁedlafsfapmmglmmm@fcry@@ﬁlp@und 1.
I n certaid fepks, the polynorphs of the invention are

pol ynor phs _of the tos late salt of Conpound 1. [00081] Each pol ynor ph
of the i A¥erm revdessn Xuy pavder tiffeatian patispeat 3% PG of tbf st@npoeatedel 1.~ Sol i d
Conpound (ko8s), Remdirsisplaat, Bth %@?ﬂe%ﬁy BlibSR SO IHAEmSRYRN!

m xt ures described belowto yiel e polymorphic torms o

i nvent i ofosylat splh farmof CampawBddi ments of the invention, a tosylate
salt of GoEPPMBHd accaapafsoﬁbﬁﬁ %W}ﬁ)‘ird@[ﬂilfﬁraaﬁﬂ Sﬁe)ﬁ%ta@b% "@fbg Etam d he

sol vent m xtures described below'to yield certain polyno For ns
of the i fPERPTRHL @Pﬁ%ébﬁ*é SR icprEprisyedprn h@sﬂﬁveﬂm plzsmnedf e base of

Cormoundr&rﬁamzaﬁoﬂﬁa%ﬁa@t&?ﬁtésaﬁefé&h&um adggd to forma

crystalline salt of Conpound 00082] I'n one enbodi nent, the present
i nvent i oR1BroRPHEs aéoamry%ﬁ%rwoafder iifilaetion patiars 2625 TSHfen sammdes]

[ 00083] | Rodpdisiie 1B 1 odisAe !?t;rm itb%ldt@ééﬁ%ﬁ?&n@tgéﬂﬂ@s%lt%aft Qe Daded

pol yrnorph of the tosylate salt of Conpound 1, having an X-ray powder
di ffract |°6W“§B‘t1{1él”?‘f’“§inm lar to that of FIG 8, the characteristics of
the diffragts ﬁaw@atatvﬁﬁ;{u@deﬁnpam kY pb @ Qithactibh snaﬁ-‘,m%?lsa?n

particular form 1l polynorph of the rnvention has X-ray powder

di ffract |°81ﬁp?féﬁgtf8%2fswkt§5§t 5.60, 8.06, 8.57, 11.41, 13.02, 15. 58
18. 83, 2@qG% #PHdR4s: v@éab’ie?t@mﬂ&htﬂﬂ )Q-hyléawﬁe’%(&iiﬁ%du% ana'f)gfs o?g(a?r\[%é
particular form 1 pol ynorph rnventi on has er

di ffract |cafﬁplg>%&afe%35\§ﬂkt§sab 8 06 11.41, 13.02, 18 83 20. 54 and

24. 53 02@1¢Si RGvild akaridAde@pd gorm1

pol ynmor ph of I{}he1 |r211vent| on gcﬂr)%_}lr:gaﬁng%%ﬂtﬁ%fm?? C)Isflsg)ﬁlsﬂa)ttern peaks
at 8.06, caBpmpmg asrydgfe: SQmwc@ﬁﬁmllidiﬂSYbi@an%h@fow ibmsrlatsaalian ItAgrm 1

pol ynor pler@fs f-BGads AL BMBAK IPpRFdel iR FPIIER of'h &Hﬁ&&bﬂﬁﬁft tern

form 1 tosylate salt of Compound 1;




Intensity (% 160 15.78 347 15.9 8.06 10.97 2184 100.0 8.57 10.30 581
26.6 9.80 9.01 308 14.1 10.89 8.12 233 10.7 11.41 7.75 667 30.5 13.02

6.79 626 280500914350 PCT/US2009/045143

FIG. 9 provides a high resolution X-ray powder diffraction pattemn of a sample comprising

* form 2 tosylate salt of Compound 1 (93.2% HPLC purity):
FIG. 10 provides a high resolution X-ray powder diffraction pattern of a sample comprising
form 3 tosylate salt of Compound 1 (96.7% HPLC purity).

Detailed Description of the Invention
[00053] Tetracycline-type antibiotic compounds have Jong been known to have limited

stability in the solid phase freebase form. One such non-crystalline tetracycline analog
compound, (4S,4A8,5AR,12AS)-4-7-Bis(dimethylamino)-9-{[(2,2-
dimethylpropyl)aminojmethyl}-3,10,12,12 A-tetrahydroxy-1,11-dioxo-

1,4,4A,5,5A,6,1 1,12A-octahydrotetracene-Z—carboxamidé (Compound 1; MW = 556.66, MF
= Cy9HypN4O7), has limited stability in the solid phase upon exposure to air, light and/or

moisture,

o

(45,4A8,5AR,12A8)-4-7-Bis(dimethylamino)-9 {[(2,2-dimethylpropyl)amino]methyl} -
3,10,12,12 A-tetrahydroxy-1,11-dioxo-1,4,4A,5,5A,6,11,12A-octahydrotetracene-2-
carboxamide.

[00054] Specifically, Compound 1 is a yellow amorphous solid that is unstable at

temperatures higher than 0 °C and when exposed to air. Compound 1 must be stored at

temperatures below 0 °C with limited exposure in the solid phase to air, light and moisture.

Outside of these limited exposure conditions, Compound 1 degrades to produce degradation

products including air degradation products 2, 3 and 4, as well as the 4-epi-isomer 5.
N
N




13.78 6.42 261 12.0 14.92 5.93 252 11.5 15.58 5.68 346 15.8 16. 10
5.50 262 12.0 17.07 5.19 345 15.8 18.83 4.71 979 44.8 20.54 4. 32 838

38. 4 21. 83y0 2009/143509 PCT/US2009/045143

[00055] Prior to this disclosure, no stable crystalline forms or stable crystalline acid
salts of Compound 1 were known.

[00056] The present invention relates to crystalline Compound 1, salt forms of
Compound 1, polymorphic forms of Compound 1 or polymorphic forms of salts of
Compound 1; pharmaceutical compositions comprising the crystalline forms, salt forms,
polymorphic forms, or polymorphic forms of salts of Compound 1; methods of making the
crystalline forms, salt forms, polymorphic forms, or polymorphic forms of salts of

Compound 1; and methods of their use for the treatment of tetracycline-responsive states.

1. Solid Form Compounds

[00057] Compound 1 is a tetracycline compound. The term “tetracycline compound”
includes many compounds with a similar ring structure to tetracycline. Examples of
tetracycline compounds include: tetracycline, chlortetracycline, oxytetracycline,
demeclocycline, methacycline, sancycline, doxycycline, and minocycline.

[00058] The free base and certain pharmaceutically acceptable salts of Compound 1
are described in U.S. application Ser. No. 10/786,881, corresponding to U.S. Publication, No.
2005/0026876 Al. There is no teaching or suggestion of crystalline forms of Compound 1,
or that any of the described salt forms are superior to the others, as judged by the list of
properties described above.

[00059] Thus, the present invention addresses the need for improved tetracycline
compounds and the need for improved solid state forms of tetracycline compounds for
manufacturing and bioavailability.

[00060] The solid state form of the tetracycline compound, Compound 1, can be a
crystalline form. The crystalline form of the compound can be a free base. Crystalline forms
of different salts of the free base compound can be formed. Examples of acids which can be
used to convert the free base to a salt include, but are not limited to, HCI, p-toluenesulfonic
acid, trifluoroacetic acid, methylsulfonic acid, benzenelsulfonic acid, and acetic acid.

[00061] The nentral forms of the compounds may be regenerated by contacting the salt

with a base or acid and isolating the parent compound in the conventional manner. The
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parent form of the compound may differ fiom the various salt forms in certain physical
properties, such as solubility in polar solvents.
[00062] As described herein, a process through which different crystalline forms of
Compound 1 can be generated has been developed. More specifically, the inventors have
shown that the crystalline form obtained mainly depends on the nature of the solvent used in
the process. For the purposes of this description the term “crystalline form” refers to either a
polymorphic form or a non-amorphous form, without distinction. “Polymorphic form™ refers
to an organized structure involving only moiecules of the solute and having a characteristic
“crystalline signature.
[00063] The terms, “polymorphs” and “polymorphic forms” and related terms herein
refer to crystalline forms of the same molecule, and different polymorphs may have different
physical properties such as, for example, melting temperatures, heats o_f fusion, solubilities,
dissolution rates and/or vibrational specira as a resuit of the arrangement or conformation of
the molecules in the crystal lattice. The differences in physical properties exhibited by
polymorphs affect pharmaceutical parameters such as storage stability, compressibility and
density -(important in formulation and product manufacturing), and dissolution rates (an
important factor in bioavailability). Differences in stability can also result from changes in
chemical reactivity {e.g., differential oxidation, such that a dosage form discolors more
rapidly when comprised of one polymorph than when comprised of another polymorph) or
mechanical property (e.g., tablets crumble on storage as a kinetically favored polymorph
converts to thermodynamically more stable polymorph) or both (e.g., tablets of one
polymorph are more susceptible to breakdown at high humidity). As a result of
solubility/dissolution differences, in the extreme case, some polymorphic transitions may
result in lack of potency or, at the other extreme, toxicity. In addition, the physical properties
of the crystal may be important in processing, for example, one polymorph might be more
likely to form solvates or might be difficult to filter and wash free of impurities (i.e., particle
shape and size distribution might be different between polymorphs).
[06064] Polymorphs of a molecnie can be obtained by a number of methods, as known
in the art. Such methods include, but are not limited to, mell recrystallization, melt cooling,
solvent recrystallization, desolvation, rapid evaporation, rapid cooling, slow cooling, vapor
diffusion and sublimation.
[00065] Techniques for characterizing polymorphs inctude, but are not limited to,
differential scanning calorimetry (DSC), X-ray powder diffractometry (XRPD), single crystal
X-ray diffractometry, vibrational spectroscopy, e.g., IR and Raman spectroscopy, solid state
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10. 6 6.2700067] . A desolvated solvate is a crystal form of a substance which can only be made

by removing the solvent from a solvate.
[00068] | The term, “amorphous form™, as used herein, refers to a noncrystailine form of
a substancé.
[00069] As used herein, the term “pure™ means about 90-100%, preferably 95-100%,
more preferably 98-100% (wt./wt.) or 99--100% (wt./wt.) pure compound; e.g. less than
“about 10%, less than about 5 %, less than about 2% or less than about 1% impurity is present.
Such impurities include, e.g., degradation products, oxidized products, epimers, solvents,
and/or other undesirable impurities.
[00070] ~ Asused herein, a compound is “stable” where significant amounts of
degradatibn products are not observed under constant conditions of hurnidity, light exposure
and at temperatures higher than 0 °C over a period of four weeks. A compound is not
considered to be stable at a certain condition when degradation impurities appear or an area
percentage of existing impurities begins to grow. The amount of degradation growth as a
function of time is important in determining compound stability.

' [00071] All ranges set forth herein are intended to encompass the indicated endpoints
of the range as well as all included values and ranges, including those not specifically set
forth.

[00072] The present invention is directed to crystalline forms, salt forms and
polymorphs of Compound 1; compositions comprising the crystalline forms, salts and
polymorphs alone or in combination with other active ingredients; methods of preparing the
crystalline, salts and polymorphs; and methods of their use in the modulation of tetracycline
compound receptive states. While not intending to be bound by any particular theory of
operation, the storage stability, compressibility, density or dissolution properties of the
crystalline forms, salts and polymorphs are beneficial for manufacturing, formulation and
bio-availability of the tetracycline compound.

[00073] = Preferred salts and polymorphs of the invention are those that are
characterized by physical properties, e.g., stability, solubility, hygroscopicity and dissolution
rate, appropriate for clinical and therapeutic dosage forms. Preferred polymorphs of the
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invention are those that are characterized by physical properties, e.g., crystal morphology,
compressibility and hardness, suitable for manufacture of a solid dosage form. Such
properties can be determined using techniques such as X-ray diffraction, microscopy, IR
spectroscopy, thermal analysis and hygroscopicity analysis, as described herein and known in
the art.

1.1 Salts of Compound 1

[00074] In one aspect, the present invention provides crystalline forms of particular
pharmaceutically acceptable salts of Compound 1. This aspect of the invention provides

crystalline forms of HCI, mesylate and tosylate salts of Compound 1;

\N/ \lj.’/

OH © O 0 o ()
(45,4A8,5AR,12AS)-4-7-Bis(dimethylamino)-9 {[(2,2-dimethylpropyl)amino}methyl} -
3,10,12,12A-tetrahydroxy-1,11-dioxo-1,4,4A,5,5A,6,11,12 A-octahydrotetracene-2-
carboxamide.
[00075] Each salt of the invention can be made from a preparation of Compound 1.
Compound 1 can be synthesized or obtained according to any method apparent to those of
skill in the art. In preferred embodiments, Compound 1 is prepared according to the methods
described in detail in the examples helow. See, e.g., U.S. Publication No. 2005/0026876 Al,
the contents of which are hereby incorporated by reference in their entirety.
[00076] Alternatively, Compound 1 can be prepared by isolating a particular salt of
Compound 1 and converting such a salt of Compound 1 to the neutral form by treatment with
an appropriate base. For example, Compound 1 can be prepared by isolating the
‘hydrochloride salt of Compound 1 by filtration, then converting it to the neutral form by
treatment with monobasic sodium carbonate in ethyl acetate, or other suitable base.
[00077] Compound 1 prepaied by any method can be contacted with an appropriate
acid, either neat (i.e., free from admixture or dilution) or in a suitable inert solvent or
solvents, to yield the salt forms of the invention. For example, Compound 1 can be contacted
with a p-toluenesulfonic acid to yield the tosylate salt forms of the invention.

' [00078] Stability studies were performed on the free base Compound 1 and an
amorphous diHICl salt of Compound 1. This salt was formed by dissolving the compound in
aqueous solution, adjusting the pH of the solution to approximately 4.2, followed by
lyophilization. The free base degraded in less than one month at 40 °C, and approximately
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three months at 4 °C. In contrast, the diHCI salt of Compound 1 was stable for 6 months at
40 °C, and for two years at room temperature (25 °C).

[00079] As shown in detail in the examples below, the tosylate salt of Compound 1,
and polymorphs thereof, display desirable properties.

1.2 Polymorphs of Compound 1

[00080] The present invention also provides polymorphs of Compound 1. In certain
embodiments, the polymorphs of the invention are polymorphs of the tosylate salt of
Compound 1.

[00081] Each polymeorph of the invention can be made from a preparation of
Compound 1. Solid Compound 1 can be dissolved and then crystallized from the solvent
mixtures described below to yield the polymorphic forms of the invention. In particular
embodiments of the invention, a tosylate salt of Compound 1 can be dissolved and then
crystallized from the solvent mixtures described below to yield certain polymorphic forms of
the invention. In some embodiments of the invention, free base of Compound 1 can be

dissolved and then acid is added to form a crystalline salt of Compound 1,

[00082] In one embodiment, the present invention provides a polymorph of a tosylate
salt of Compound 1.
[D00R3] In a further embodiment, the invention provides a form 1 polymorph of the

tosylate salt of Compound 1, having an X-ray powder diffraction pattern similar to that of
FIG. 8, the characteristics of the diffraction pattern all shown in Table 1. For example, a
particular form 1 polymorph of the invention has X-ray powder diffraction pattern peaks at
5.60, 8.06, 8.57, 11.41, 13.02, 15.58, 18.83, 20.54 and 24.53 °20 using Cu K« radiation. For
example, a particular form 1 polymorph of the invention has X-ray powder diffraction pattern
peaks at 8.06, 11.41, 13.02, 18.83, 20.54 and 24.53 °20 using Cu K radiation. For example,
a particular form 1 polymorph of the invention has X-ray powder diffraction pattern peaks at
8.06, 13.02, 18.83 and 24.53 °26. For example, a particular form 1 polymorph of the
invention has major X-ray powder diffraction pattern peaks at 8.06 and 18.83 °26.
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Table 1
Angle (2-Theta °) | d value (Angstrom) | Intensity {Counts) | Intensity (%)
5.60 1578 347 15.9
8.06 10.97 2184 100.0
8.57 10.30 581 26.6
9.80 0.01 308 14.1
10.89 8.12 233 10.7
11.41 7.75 667 305
13.02 6.79 626 28.7
13.78 642 261 12.0
14.92 5.93 . 252 11.5
15.58 5.68 346 15.8
16.10 5.50 262 12.0
17.07 5.19 345 15.8
18.83 471 979 44.8
20.54 4.32 838 384
21.83 4.07 439 224
23.00 3.86 395 18.1
24.53 3.63 651 30.3
25.10 3.55 341 15.6
27.82 320 404 18.5
28.48 313 357 163
30.26 295 302 . 13.8
34.82 2.57 236 108
36.19 248 254 11.6
3754 2.39 247 11.3
40.49 223 368 16.8
[00084] In another embodiment, the present invention provides form 2 of the tosylate

salt of Compound 1. In one embodiment, the form 2 polymorph of the tosylate salt of
Compound 1 has an X-ray powder diffraction pattern similar to that of FIG. 9, the
characteristics of the diffraction pattern all shown in Table 2. For example, a particular form
2 polymorph of the invention has X-ray poWder diffraction pattern peaks at 7.82, 11.88,
12.68, 16.12, 18.63, 21.46 and 23.74 °20 using Cu Ko radiation. For example, a particular
form 2 polymorph of the invention has major X-ray powder diffraction pattern peaks at 7.82,
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6.511 13.37561 274 215
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5712 9.10741 173 13.5

10.783 8.20461 340 26.6
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12.682 6.97995 904 70.8

13.182 6.7162 611 47.9

13.985 6.33261 299 234

15.578 5.68838 512 40,1

16.122 5.49766 1100 86.2

16.635 5.32915 467 366

17.397 5.09763 697 54.7

18.63 4,76275 967 75.8

20.235 4.38856 647 507

20.666 4298 636 498

21.456 4.14147 1276 100

22.51 3.9499 747 58.6

23.744 3.7473 1076 84.3

24.448 3.64103 749 58.7

25.651 3.47293 652 S1.1

26.303 338824 638 50

27.225 3.27554 678 532

274 3.25505 747 585

27.823 3.20648 763 59.8

28.193 3.16532 588 46.1

16



5.11 17.29 1184 66.4 8.89 9.95 475 26.6 10.34 8.56 431 24.2 11.76
7.53 404 22.7 13.70 6.46 524 29.4 14.81 5.98 552 31 15.60 5.68 1783

100 17.23 wo 20091143509 PCT/US2009/045143

[00085] In yet another embodiment, the present invention provides form 3 of
Compound 1. In further embodiments, the form 3 polymorph of the tosylate salt of
Compound 1 has an X-ray powder diffraction pattern similar to that of FIG. 10, the
characteristics of the diffraction pattern all shown in Table 3. For example, a particular form
3 polymorph of the invention has X-ray powder diffraction pattern peaks at 5.11, 8.89, 10.34,
11.76, 13.70, 14.81 and 15.60 °28 using Cu Ko radiation. For example, a particular form 3
polymorph of the invention has major X-ray pow;der diffraction pattern peaks at 5.11, 8.89,
10.34, 11.76 and 15.60 °28. For example, a particular form 3 polymorph of the invention has
major X-ray powder diffraction paticrn peaks at 5.11 and 15.60 °20,

Table 3
Angle (2-Theta ©) | d value (Angstrom) | Intensity (Counts) | Intensity (%)

5.11 17.29 1184 66.4
8.89 9.95 475 26.6
10.34 8.56 431 24.2
11.76 7.53 404 22.7
13.70 6.46‘ 524 29.4
14.81 598 552 31

15.60 5.68 1783 100
17.23 515 - 661 371
17.93 4.95 1014 56.9
18.35 4.83 832 46.6
18.74 4.74 914 51.3
19.00 4.67 874 49

20.15 441 289 49.9
2036 436 913 512
20.65 430 940 527
21.65 4.10 ' 681 38.2
22.59 394 923 51.8
2325 3.83 1206 67.7
237 375 872 48.9
24.94 3.57 - 718 40.3
2543 3.50 551 309
26.12 341 745 41.8
26.64 335 709 35.8
27.15 3.28 689 387
27.55 324 754 42.3
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[00086] The tosylate salt of Compound 1 crystallized as very small, irregular particles,

typically 5-8 microns in size. FIG. 1 depicts X-ray powder diffraction (XRPD) of a

crystalline solid of the tosylate salt of Compound 1. This compound was shown to melt at
190 °C, followed by decomposition.

[00087] Gravimetric vapor sorption was performed on Compound 1 or its tosylate salt.

It was determined that there were 2.5 molecules of water per molecule of Compound 1.

XRPD was performed to compare the starting material (E00285) with the dehydrated

-material. The data indicated no change in form.

2. Synthesis of Compound 1

[00088] 9-(aminomethyl}-minocycline dihydrochloride (200 mg, 1 eq.), DMF and
trimethylacetaldehyde (45 ul, 1 eq.) were combined in 40 mL flasks and stirred.
Triethylamine (150 pL, 3 eq.) was then added. After stirring at room temperature for several
minutes, NaBH(OAc); (175 mg, 2 eq.) and InCl; (9 mg, 0.1 eq.) ﬁvas added. After one hour,
the reaction was clear and red. Liquid chromatography showed a single product for the
reaction. The reaction was quenched with methanol, the solvent was removed, and the
product was purified using column chromatography.

Purification

[00089] Compound 1 was purified by chromatography by injecting an aqueous low pH
solution of the compound into an HPLC in a polar organic solvent gradient, and combining
the product fractions, such that the compound was purified. Selection of suitable acidic
mobile phases enhanced process stability and selectivity. Organic and mineral acid mobile
phases were effective at separating by-products including epimer impurities and closely-
eluting by products through pH control or choice of acid. Acidic mobile phases also
protected against oxidative degradation of the compound.

[00090] For example, the low pH solution had a pH of about 2 - 3. Examples of
solutions that were used include 0.1% aqueous solutions of methane sulfonic acid and 0.1%
aqueous solutions of trifluoroacetic acid. In certain embodiments, an isocratic gradient of
94% of the aqueous solution aﬁd 6% acetonitrile or another polar organic solvent were used
to purify the compound from epimeric and closely eluting by-products.

[00091] The resulting aqueous product fractions may be combined and the pH may be
adjusted to about 4.0 - 4.5 using a base (e.g., NaOH). Hydrophobic impurities and oxidative

degradents of the compound may be removed by washing the aqueous solution with a non-
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polar organic solvent (e.g., CH2Clz). The organic layers were discarded and the aqueous
‘layers were combined and retained.

[00092] It should be noted that the organic solvents, such as methylene chloride, can
be used to selectively remove late-eluting hydrophobic impurities such as 4-carbonyl by
products and other oxidative degradents from the acidic aqueous solution of the compound.
[00093] The pH of the combined aqueous layers may then be adjusted to neutral pH,
e.g., about 7.5 to about 8.5. The pH may be adjusted by the addition of a base, such as
NaOH. The neutral solution was then washed with a non-polar organic solvent, such as
methylene chloride. It should be noted that selective pH adjustment to neutral pH ranges also
allowed the compound to be extracted into the organic solvent while retaining undesired p-
epimer and by products in the aqueous phase.

[00094] In addition, antioxidants may also be added to the aqueous solutions of
compounds described herein. The anti oxidants may be provided to prevent oxidative
degradation of the compounds. Antioxidants such as ammonium sulfites or bisuifites can be

nsed.

3. Methods of Preparing Polymorphic Forms of Compound 1

[00095] The invention also pertains to methods of preparing polymorphic forms of
crystatline Compound 1.

[00096] In one embodiment, form 1 of the tosylate salt of Compound 1 can be made by
any method of making form 1 apparent to those of skill in the art based upon the teachings
herein. In certain embodiments, form 1 can be formed from maturation of the amorphous
tosylate salt of Compound 1 in isopropanol, acetone, ethyl acetate, methyl pentanone, toluene
or acetonitrile solution. Form 1 can also be obtained from recrystallization of the amorphous
tosylate salt shurried in isopropanol. Form 1 can also be obtained by dissolving the freebase
in an appropriate solvent or combination of solvents such as two alcohols or an alcohol and
an anti-solvent such as a ketone, ether, ester, etc. After addition of the acid, the salt can be
crystallized slowly in the correct form.

[00097] Solvent system in which impurities and free base of Compound 1 are soluble
while the stable crystalline salt of Compound 1 is insoluble, e.g., crystalline shury can be
formed by precipitation, can be selected.

[00098] In another embodiment, form 2 of the tosylate salt of Compound 1 can be
made by any method of making form 2 apparent to those of skill in the art based upon the
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embodiment, the p-toluenesulfonic acid is provided in an amount from about 25 to about 75
wi%, from about 25 to about 50 wt%, from about 30 to about 40 wt%, or about 33 wi%
relative to the amount of Compound 1. The p-toluenesulfonic acid may be added in the form
of a p-toluenesulfonic acid monochydrate.

[0600104] Polymorphic forms of the tosylate salt of Compound 1 can be formed by a
solution method. For example, a solution of Compound 1 may be produced at a temperature
from about 0 °C to about 60 °C, such as from about 15 °C to about 45 °C, or from about 20
°C to about 25 °C. After it is produced, the solution may optionally be warmed and/or
maintained at a temperature from about 15 °C to about 60 °C, such as from about 20 °C to
about 50 °C, or about 45 °C.

[000105] Once the solution is created, the p-toluenesulfonic acid may be added in an

amount sufficient to produce a p-toluenesulfonic acid salt of Compound 1. In one
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(000114} Recrystallization of the amorphous material of Compound 1 was performed in
various solvents. Only recrystallization in 2-propanol (isopropy! alcohol, IPA) gave form 1
tosylate salt, as shown in Table 5. FIG. 3 compares XRPD spectra of reference Compound 1
(E00285) and the recrystallized form 1 tosylate salt from IPA.

Table 5
Experiment No. | Solvent Volume | At50°C | XRPD of precipitate of solid

1 nitromethane 24 Soluble

2 anisole 200 Insoluble | Amorphous
3 2-propanol 60 Soluble Form 1

4 methylethyl ketone 100 Soluble Ausnorphous
5 acetone 80 Soluble Amorphous
6 ethyl acetate 200 Insoluble | Amorphous
7 dioxane 120 Soluble Amorphous
8 acetonitrile 80 Soluble

9 toluene 200 Insoluble | Amorphous
10 dichloromethane 5 Soluble Amorphous
11 chloroform 5 Soluble Amorphons
12 TBME 200 Insoluble | Amorphous
13 isopropyl acetate 200 Insoluble { Amorphous
14 4-methyl-2-pentanone 200 Insoluble | Amorphous
15 THF 100 Soluble Amorphous
16 10% EtOAc / cyclohexane 200 Insoluble | Amorphous

[000115] A summary of the polymorphism the tosylate salt of Compound 1 is presented
in Scheme 1:
Scheme 1

Amorphous

Isopropyl alcohol,
Acetone, Ethyl Acetate,
Methyl pentanone,

tolutne, acetonitrile

Dichloromethane

yl ketone, ethy!
ethyl
2

Form 1
Form 2

Methyl
pentanone ¥

Form 3
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Form 2 12 chl or of or m Anor phous 13 TBME Anor phous 14 isopropyl acetate
Form 2 15 NW? di ssol ved 16 4-nethyl -2-pentanone Form 3 17 MP Gum 18

10% Et OAc {yoG¥glQigxane Amorphous 19 10% water Et OH AngyyhRusheat 1P%0
wat er / TBF Anor phous 21

[000116] After recrystallization, samples of form 1, form 2, and form 3 tosylate salt
were dried overnight in a vacuum and analyzed by XRPD, as shown in FIG. 4. There was no
change in form after drying.

[000117] Variable temperature XRPD was performed on form 2 and form 3 tosylate salt
of Compound 1. See FIG. 5 and FIG. 6, respectively.

[000118] The relative stabilities of the polymorphic forms of Compound 1 were
analyzed. For example, form 1 tosylate salt was subjected to a maturation experiment for 24
hours in either IPA or methyl pentanone, seeded with either form 2 or form 3 tosylate sait.
During this experiment, there was no change of form 1 into form 2 or 3. A slurry of a 50:50
mixture of form 1 and form 3 were analyzed in IPA for 18 hours at 0 °C, 25 °C, 40 °C, and
60 °C, as shown in FIG. 7. There was no change of form 1 into form 3.

[000119] Recrystallization experiments indicated that form 1 tosylate salt can be
obtained reproducibly from the amorphous tosylate salt by shurying in IPA. Form 1 of
Compound 1 can also be obtained reproducibly by the addition of tosic acid. A high
resolution XRPD scan of form 1 is depicted in FIG. 8 and the characteristic of the diffraction

pattern are shown Table 1.

4, Pharmaceutical Compositions Comprising Compounds, Salts, Crystalline Forms
or Polymorphs thereof of the Invention

[000120] In a further embodiment, the invention pertains to pharmaceutical
compositions comprising a tetracycline compound of the invention (e.g., synthesized, or
purified by the methods of the invention) or a pharmaceutically accepiable salt, prodrug or
ester thereof. The pharmaceutical compositions may comprise a pharmaceutically acceptable
carrier.

[000121] The term “composition” as used herein is intended to encompass a product
comprising the specified ingredients (and in the specified amounts, if indicated), as well as
any product which results, directly or indirectly, from combination of the specified
ingredients in the specified amounts. By “pharmaceutically acceptable™ it is meant the
diluent, excipient or carrier must be compatible with the other ingredients of the formulation
and not deleterious to the recipient thereof.

[000122] As set out above, certain embodiments of the present compounds can contain
a basic functional group, such as amino or alkylamino, and are, thus, capable of forming
pharmaceutically acceptable salts with pharmaceutically acceptable acids. The term

“pharmaceutically acceptable salts” is recognized in the art and includes relatively non-toxic,
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5. FIG 3 conpares XRPD spectra of reference Corrpound 1 (EO00285) and

(0 o b BRI R Bk O ot . RELA

ni t r omet hanée pépBeal wulsineduridg dwi fow] igol&R0 abhdyoifiadsios of the compounds of the
invention, or by separately reacting a purified compound of the invention in its free base form
with a suitable organic or inorganic acid, and isolating the salt thus formed. Representative
salts include the hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate,
valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate, and
laurylsulphonate salts, and the like. (See, e.g., Berge ez al. (1977) “Pharmaceutical Salts™, J.
Farm. 5CI. 66:1-19).
[000123] In other cases, the compounds of the present invention may contain one or
more acidic functional groups and, thus, are capable of forming pharmaceutically acceptable
salts with pharmaceutically acéeptable bases. The term “pharmaceutically acceptable salts”
in these instances includes relatively non-toxic, inorganic and organic base addition salts of
compounds of the present invention. These salts can likewise be prepared in situ during the
final isolation and purification of the compounds, or by separately reacting the purified
compound in its free acid form with a suitable base, such as the hydroxide, carbonate or
bicarbonate of a pharmaceutically acceptable metal cation, with ammonia, or with a
pharmaceutically acceptable organic primary, secondary or tertiary amine. Representative
alkali or alkaline earth salts include the lithium, sodium, potassium, calcium, magnesium, and
aluminum salts and the like. Representative organic amines useful for the formation of base
addition salts include ethylamine, diethylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine, and the like.
[000124] The term “pharmaceutically acceptable esters™ refers to the relatively non-
toxic, esterified products of the compounds of the present invention. These esters can be
prepared in sifu during the final isolation and purification of the compounds, or by separately
reacting the purified compound in its free acid form or hydroxyl with a suitable esterifying
agent. Carboxylic acids can be converted into esters via treatment with an alcohol in the
presence of a catalyst. Hydroxyls can be converted into esters via treatment with an
esterifying agent such as alkanoyl halides. The term also includes lower hydrocarbon groups
capable of being solvated under physiological conditions, e.g., alkyl esters, methyl, ethyl and
propyl esters. (See, for example, Berge et al., supra.).
[000125] The invention also pertains to tetracycline compounds, which are synthesized
and/or purified by the methods of the invention, and pharmaceutically acceptable saits
thereof.
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Anor phous 3 2-propanol 60 Soluble Form1 4 nethyl ethyl ketone 100
Sol ubl e Anor phous 5 acetone 80 Sol ubl e Anorphous 6 ethyl acetate 200

I nsol ubl e WEBHRNQRe 7 di oxane 120 Sol ubl e Anorphous 8 ggilhdeoid:§; 80

[000126] The phrase “pharmaceutically acceptable carrier” is recognized in the art and
includes a pharmaceutically acceptable material, composition or vehicle, suitable for
administering compounds of the present invention to mammals. The carriers include liquid
or solid filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting the subject agent from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be “acceptable” in the sense of being compatible with
the other ingredients of the formulation and not injurious to the patient. Some examples of
materials which can serve as pharmaceutically acceptable carriers include: sugars, such as
lactose, glucose and sucrose; starches, such as corn starch and potato starch; cellulose and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository
waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents,
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer's solution; ethyl alcohol; phosphate buffer solutions; and other non-
toxic compatible substances employed in pharmaceutical formulations.

[000127] Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, releasing agents, coating agents, sweetening
agents, flavoring and perfuming agents, preservatives and antioxidants can also be present in'
the compositions.

{000128] Examples of pharmaceutically acceptable antioxidants include: water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodinm
metabisulfite, sodium sulfite and the like; oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate,
c-tocopherol, and the like; and metal chelating agents, such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

[000129] Formulations of the present invention include those suitable for oral, nasal,
topical, transdermal, buccal, sublingual, rectal, vaginal and/or parenteral administration. The
formulations may convcniently be presented in unit dosage form and may be prepared by any
methods well known in the art of pharmacy. The amount of active ingredient which can be
combined with a catrier material to produce a single dosage form will generally be that

amount of the compound which produces a therapeutic effect. Generally, out of one hundred
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per cent, this amount will range from about 1 per cent to about ninety-nine percent of active
ingredient, preferably from about 5 per cent to about 70 per cent, most preferably from about
10 per cent to about 30 per cent.
[000130] Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared by
uniformly and intimately bringing into association a compound of the present invention with
liquid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping the
product.
[000131] Formulations of the mvention suitable for oral administration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension in an agueous or
non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or sucrose and acacia)
and/or as mouth washes and the like, each containing a predetermined amount of a compound
of the present invention as an active ingredient. A compound of the present invention may
also be administered as a bolus, electuary or paste.
[000132] In solid dosage forms of the invention for oral administration (capsules,
tablets, pills, dragees, powders, granules and the like), the active ingredient is mixed with one
or more pharmaceutically acceptable carriers, such as sodium cifrate or dicalcium phosphate
and/or any of the following: fillers or extenders, such as starches, lactose, sucrose, glucose,
mannitol and/or silicic acid; binders, such as carboxymethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; humectants, such as glycerol; disintegrating
agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate; solution retarding agents, such as paraffin; absorption

- accelerators, such as quaternary ammonium compounds; wetting agents, such as cetyl alcohol
and glycerol monostearate; absorbents, such as kaolin and bentonite clay; lubricants, such as
tale, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,
and mixtures thereof; and coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a
similar type may also be employed as fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugars, as well as high molecular weight polyethylene

glycols and the like.
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t enper at UPSOURPD vasE rl BRBSdtY b Kt Bon e T 70 ©

Conpound 1moreSesssoryingredienitl Gan@resed tabdeipmay bm@}red[u@tmllm@rﬁoeemmb&t ive
tabiliti n For

0L g WA TP POy 5y R A

exper i menfforfeyemple, spdiun staich gbicolate pr ¢rm-lmkcdmﬂlhyll cappexpmaatioh eqllulm@ded

with eit hﬁ&faéeoéf'?mezor% Pér?ﬁ?}_ﬁ%&@ %Mhéﬁtt&ﬁ%’é}é ’? £de%9 n%oh"dﬁ%lﬁ)éggllalb 0" 5 0

there was no change o into for
m xture omammnllxmmbfﬂmmw@erwbcroamam chzdghed withRAireri liqdi8 diheent.s at 0

C, 25 C and ge,of
form1l i n(bgm(fgﬂr Tl@%@&ﬁ%@? ﬁfg‘%\r/@écl &1 %:462 allmsg g&g %IP:Q%E% %ﬂ) | ‘cated

t hat f or nefThe pyesghtanvention, such andrbgees bapailew dills @plgmmbas,bhgy dptlonaily he

anor phous - r Y10 ound can
al so be o c%%lﬁ ﬁtﬁgﬁé%%gluc?ix%l% &Blysx%lﬁésugfgﬁg ‘JID o C s(])aél |8 8ther N mgiwﬁﬂ
resol ut i omoXRRDhe phanmerfeutical-formulatengaep il‘b@erday aisoﬁie@nmﬂlamddo adie prov1de

characterist blccogér ieﬁ?elélgé éfteecatcggangr@alarﬁm ufgggw&%gf' el.

4. Phar maceut I ca I ons I'sing
Crystalli h}@rnﬁ@pmnyhnethy] cellulose in varying proportions to prowde the desired release profile,

other polymer matrices, liposomes and/or microspheres. They may be sterilized by, for
example, filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in
the form of sterile solid compositions which can be dissolved in sterjle water, or some other
sterile injectable medium immediately before use. These compositions may also optionally
contain opacifying agents and may be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of embedding compositions which can be used
include polymeric substances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described excipients.
[000135] Liquid dosage forms for oral administration of the compounds of the invention
include pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredient, the liquid dosage forms may contain
inert diluent commonly used in the art, such as water or other solvents, solubilizing agents
and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
[000136] Besides inert diluents, the oral compositions can also include adjuvants such
as wetting agents, emulsifying and suspending agents, sweetening agents, flavoring agents,
coloring agents, perfuming and preservative agents.

[000137] Suspensions, in addition to the active compounds, may contain suspending

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
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or Pol ynmorphs thereof of the Invention [000120]1n a further

enbodi ment, the invention pertains to pharmaceutical conpositions
conpri si Nowd h@seycl i ne conpound of the invention (e.pgrusin00/045143
synt hesi zed, or purified by the nethods of the invention) or a
pharmaceutical |y acceptable salt, prodrug or ester thereof. The
pharmaceutical conpositions may conprise a pharmaceutically

accept abl Sl eGSR t reinis
i nt ended egtgggﬂ%& asgaglgggél%%%j—g u%onprf:m ng%@heﬂeggggﬁa?%ayggﬁgﬁgfedl ents
(and in ttrﬂ@a@p@cmﬁlnéwna&@mv% if indicated), as well as any product
which re dir

speci fi ecsl[HJlenlgr edi elﬁoglglhlixtrl]&l% I?ieﬁg f(iaag{}l Jei{tap ﬂ%bﬁﬁ’éﬁg ?%‘E ithrgx%u%%g%rE cltaég
accept ablvegingltadingnisweon maye pdistniedss 2 seppositpne mhich rmaafsz pieparedhypsthixing

oL, et e 0o A U B

certai n ewbiseicomptising for ekampie, eecenbultmrppkyaﬂmlsn@rwb eraumoﬂtow Wasire

function capable

of form %51“%%*‘3#%&%9“83@ da&g%’@%etgrp%% e sbgpit@?d at%ﬁ&%ﬁjg Taceu | cal |y

accept ablthereforedwill Ifrﬂenttlerrmtwphla‘raemelemﬁmﬂ ke}eaae:memnarb benmahd.s" is

recogni z t he ._lsnor gani c

and orga ?cd ggl d a%g&?l?@%sga %E&S’%@gﬁ%@%ﬁ y%‘?%{ﬁﬁgg%r%@ﬂ?

i nventi omdmﬁm@eorsdsqmclwmeismqgrtepmne,cbmamssetsmasm lfwgmstohe)riy nal

isolatio tion, or by

separ at eﬁyﬁ@gaélg%éﬁg{a&ﬂ% I%%gﬁ’ﬁ%ﬁ‘&ﬁﬁ%%{m}b%@n% %ﬁ’ inits free

base f or MPYGILGI a slmsa@tibmﬁmqhﬂtoplcdror irensdgenl admargstationeic: cospbentl iofig

t he salt t I [ d rom de,

nydr oghi dpir e Rie FRQICES RlyR, SRR shdes SEirt BubliCedl KR0S

val er at e patshesané mhﬁamm Thetagtivespmpouad say bamixed endebeterile a@ndltmhawtﬂaa e,

phosphat C ate,

Papt iy ot mE Rl acdhlb Bl Bla Al iny bRBRL G, b I AR Blenh il

I auryl sulnpﬂwdwawmhl ts, and the |ike. (See e.g., Berge et al. (1977)
" Phar MCﬁyém Saile Simpmelys, BRI credbds o0 rﬂmyconiagoaﬂa%a’ahmo% 0&ve

cases e corpoun pr esent ‘nvent| on may’ contal n one or nore

acidic flcnme@@éﬁéﬂnsgmaw mle!%wh a-eﬁmenada@fhtﬂgetabie fatsp pifs, wapees,

phar mace | ar, I c e

bases I#ﬂla’t@ftfﬁaﬂrs’m %%glutg ?I%SJSIQ ;&}m\zg%t?:‘)elsp? b%F e saug?yc%g J;]}’co %B%ﬁgés

i nst ance§llI°W@Fl§d@§3P‘e¥lm‘W‘& 9t mEAresdhereel. i nor gani c and organl c base

addi tion 5@)1k8 of KYIRUMASRE c&%nﬁ%%ﬁ%@&xtléﬂxﬁ%ﬂrﬁ’&nd Iﬂﬁﬁgw%ﬁdotn,s can

| i kew se be prepared in situ duri dg the final isolation

purific atefcenle@iﬁ SItches ledngsoalsonlicivicidy glumpwarwdiekide.calgivm silipatehendpuri f i ed

conmpound goRaintd® phiv@, RedichibO6 ik bibs@naat!i $RRk the
hydr oxi depbﬂ,car bonat € or 1b| gar bonat eS%? 5 phar %@Eﬁ?ﬁ@?ggﬂtggcept abl e

metal  catPEpMayPIORClERTNFbas CBIOTW?I?hﬂjYWWa@étYPP@SWS}‘bﬁ%%t abl e

organic m&myonsgg&%g%ye&a tfhdd ary amne. Representative al kali
or alkaline earth salts incl uge the lithium sodium potassium

cal ci um [AMAdsi urdransdamal natehes ey sthp edded pdyantage af providingaenteodledit at i ve
or gani ¢ aa@meysome;nyImh%hte BFean‘t"fn'J&hbﬁ’fb R4 bdags suc@dﬂg-a? F@.'Jntb\%
i ncl ude et hyl'am ne, " di et hyl am ne, 31 enedi am ne hanol am ne,
di et hano |n2ade hédlswwfazhsae’smem c@rm@un fdhe frompomedijimh d-bgasptipn enhancers

" phar macey higad lxe@ts%péae%@ﬂe@mse%o n% fl5Srolsnd rﬁ'e%é Yishoh MG
toxic, esterified products of the conpounds of resent 1 nvention.
These estcar ke ¢oamolipd bbﬁ’é‘}?ﬁlﬂ@ﬂldlnﬂ agite ﬁpnafeﬂmgngzemhenw ersigp gt and
purifi Catcbfﬁ ofh i or by separately reacting the purified

conmpound i n |ts l#ree aci r%eor hydroxyl with a suitable
esteri fyil#Pl4gent Omﬁlﬂbwkﬁmelamsﬁe eainents, pooviersy obdionsyand thedikeraee vi a

t r eat mentydichReAfadd SRRk WitkindiE BT ARGV alioR catal yst. Hydroxyls
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bringing into association a conpound of the present invention with
the carrier and, optionally, one or nore accessory ingredients. In
general , t@@nf]@m}gﬂgtl ons are prepared by uniformy anci,dﬁgzg@}oggl#
bringi ng into association a conmpound of the present |nven on Wt
liquid carriers, or finely divided solid carriers, or both, and then,
i f necessary, shapi ng the pr oduct. [000131] For nul ati ons of the
inventio bIe for oral, adm ni.str or m of
capoul eo 104 EL s PiefiacBlis GRIDENG) A SRR il ot ienlP T Do
usual l'y saduﬁldsmtlemcbnmamra comotercaggceaxds b the mmmﬁemmcoglbmmdnemh e oas a
sol ution a U d or as
o oi g o i ﬁhéﬁi&ﬁﬁc%pgQccé&abﬁ‘é‘Tt&ﬁQ{%&%% b3 b n&x‘igl?e%%s éo:%% B it or
Syrup, ordispsisipas sudpbrepng etsanw@pmn, ar Btenlb pbadoes wisicicinapbe @ednatttuﬂad and

gl ycerin, ) [ t.he |ike,
each contsée%lri\e i e&aﬂ@?oh%:%ﬁ er m e%?ogt%@%/ﬁg Orot? %%errg,gmﬂ \Sﬁg %ﬁn ?‘hé’"&r ZSent
inventio rbuﬁ‘srsancianoatam soluigr eldcterepder mec&umqutatmdlsoibmb with redded bf the

i nventi on iy .al so | grs%s(.j”}; ns(t)rei#lel? as aaen oI us, electuary or paste.
[000132] I'n SOFI ap osa i REEPRTENnt i on for oral

adm ni st r[agd1e6} ( caﬁs&uﬂp&m of mwlea@powahd mnaqleagessierspehithenay, begr anul es
andthellk C|ve|

ohar mcedFrie i e abatfrisAbAbh s STttt Paer el Gpivols

di cal ci urtaphes gihaar@ Iaomblane glynga milyetytené glly¢od\and tie like)l, drelrsgitabie mixtures
ext ender %Fereolfc eggtg’bde Oifs ;s%g as! ol%vg‘g 0§ in_]ecHag 6%15 Shic %ﬁgrgosﬁ ﬁn@gm]ea?e

and/or silTicit shen e SvEEr
al gi nat esl’ro;gaeﬂalﬁltylc;mrbehmmam;dd foy exaoipleclntag usmfcaafmg aakias, savhaci a;

hunect antlgdlthl%u%{ 13 5hall ?i‘ the gegﬁlrc{&t LALL0Y, A9ent s, m%lér%mr]sg 2nd by the . d,

agar-agar, caf i carbona dor tapioca starc

certai n gsis¢ oatfagantsand sodi um car bonate; solution retardi ng agents,
such as f in o I JQuaternary. ...
amoni umqg%o;j}rp un ds’ﬁ%e {ogntpbﬁﬁ'ong% ?aﬁg %n?m? 4 %lﬁrlént? Slf%ﬁaf% %Waﬂ\éersmwetung

gl ycerol aamﬂ@sma]alfﬁngageatbsm&wsmg aswbh Passrelktmmloftheactdmloént onite clay;

pol yet hy Iasieotifla i mh e GBI ) e ShOR B0 BARSRLITRL SRRRLE. B0 ' €
and col oragergs, fgyerdngple, marabdneckdtag@t@bl plaslsoi, actdatridghelilen dt muiylalse bet he
phar maceyf.;caf. t&%’l‘iﬁﬁéf#tbﬁ@%;ﬂﬁ%u@ﬂ és%Pga?Qngu&? lﬁ&ﬁcfee g’sh%fllﬁcrgﬁgé fe S0l i d

conpositions of a si e enpl oye rsin
soft and chawpebitidng.| mdddjtibm piotongerhabadrpiion of iheguisuable mhruiastuiotlJorasmay

o yoors gt PURRY S iR ek iRe SRR TR BRE b 0 § BB O

t abl et nayonosteareiel endgelafivnpr essi on or nol di ng, opti onal I y with one or
nor € acc%éiﬁﬁéx‘]a'ngﬁ%%&h@ és m(S‘P&&) %&1‘3 fh@gﬁ?e% (ﬁ‘a@ ?ertS’ o¥si g

bi nder (for e atin or pr opy ose
| ubr i cantthe gbsaptondifitheeing frqm subewtenepiss mtuamgscnlaegreamn (Iﬂusrmwbarrpl e,

cel | Ul oaci B iHASIUR oo o 1RSSR SAMMTHNIEN A having. e
made by rreprivaie spiubiditys (Tie eyt of ahsneition ef the diug then depshds upen pmtt@rf ed
conpound #mi; pﬂﬁ{@gm& aﬁ%&eggﬁat Lh,e galqizbw&% u{lﬁ&%%%a‘llm&&a&@e% ets,

and ot her so sage e ar maceut | conposi tions
t he presdlayédabeaptionof a pyeteraldy- mgletesd diyg oyl reay, bepicdonplished byr anul es,

may opti gpalil QF‘“@&%@EN ﬁn%rn?%f%hﬂt h coatings and shells, such

as enteric coalnsan coatings well known in the
phar macedf9Ma?}- f o rIlmbtable depotforms aFhmpdehyforiispmigehapsmld matacks 9bthas t o

d t i
e o, M B LA LEhEangnl ol B 9L SR AT DL
proporti mgl}etrethwfcﬂwgie polycrersi th@uhnnebﬁhswqmutat pélgmernipioyed dieyrate pf
mat ri ces, | RRIQIRS AR Aled MELLIRRIBL B8 oS IR oRfheilifhiide! 2€d bY,
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delivery of a conmpound of the present invention to the body. Such
dosage forns can be nmade by dissolving or dispersing the conpound in
t he proper GdoiRysedosor ption enhancers can al so be usgfhi@shidkiSase
t he fl ux d?ﬁﬁhe céﬁpound across the skin. The rate of sug% ﬁ?ux can
be controlled by either providing a rate controlling nenbrane or

di spersing the active conpound in a polymer matrix or gel.

[ 000144] B, G oof ' ' i ons
and the 1SRy 00 BUl G ARker, 2ol Bl ERE ki B EESIso BERMM AP
i nvent i orentrap@ X014 #3HOSRET PUSROBINBNEY which §8 0dmFiPleayitibodyitisseal
conpositi t his. I L 1,0l ation
compr se Basgl [ T AR R e it ielth R R P EL S LI
one or novEcglyar rablut Thealatogivs b furubd bwtable &riche dlwtgmntion myeebers or
nonaqueo - : gﬁgJ s, or
sterile lb%‘\%ﬁ er’;Hlé |%%ﬂngégﬁgﬁrtgggﬁgf#?%%@%ﬁ% H’P’E&?{rg\j ectabl e
sol ut i onsadovinisierepey injeotin, jnfrsionpinhalationdotisseoinimehic suppesjtoypete. aPral
antioxid . cteriostats, solutes which render the

f or mul at iadghﬁrflgst%%{értnﬁ%%& "the blood of the intended recipient or
suspendi l§0@51} hi cKeribregesdpaenteral {dod0tA6dEeatirdadnigéred pareradrhlty” agjueous
and nona .carfj i,.eh: . I i r tical
compost t 1 Seha feis Sl Fafi i ADURP AP iy s LB PRABRIRREN, U0
as gl ycerwhsllypyagsdtienendingindds, wisishuy imttaticiatraytnoselintraamvscddne | i ke) ,
and sui taimraeart%ﬁf,.tih’t{'a%‘?bc&lhﬁﬁ:ﬁgéjsuha}{,?ﬂﬁ{)ﬁ)ﬁlﬂeinﬂ%mlaﬁi’iac?iﬂtgheﬁﬁal,cqgt:r%g%tg%éal, and
i nj ectabl’e organic estets, such’as ethyl ol eate. Proper rdrty’can
be mai nt diameithchdab subsitamobie subigytiquls infsertioflar sdtapagamubeeclabd, such as

| ecithin,; i . equired particle size in the
case of d?%%gégﬁg%w%%gﬁ%g&%lﬁéaﬁggﬁégﬂsurfact ants. [000147] These
conposi t {605y alterhuerst “aistericiidnvaisirationly S4dmingstpred systemanally/es,
wetting ager eilishdyh NG 2aeRh; i S t evention
of the aC?I _r?%lg*_ m c?%%%%%fisrrs é?éggegﬁgﬁﬁ%g%dt eﬂlllﬁec l%i on of
vari ous admirhsiatien ¢fal compelmdrdrig envdfzer matgasitother they diceginiplocthe gratraiben,
chl or obut n bl L0, .a5 i :

Gosi 1 abl G eras HEPaacy Bl fauc APyl ohd s it bR B

chl ori de,angather ke prdcksses, for exantple, subaparspes agministiaioraddi ti on, pr ol onged

absorpti C{B?(ﬂfssf he f‘g{& &h@%ﬁsﬂﬁ bRl ko ol m%tk%?mgxl}lQFﬁzl?.t about
by the inclusi'on of agents which delay absorption such as alum num
monost earthgrapydydny gligble rout] gednusirions oredioagely, ninllptad &y, ferexprplt.ong
the effects,0f) AectityntrdvhgihsiydSodnied ity Cink RiSdrY Faﬂ@toal@agf@wwa&s} he
drug from subCutaneous of i ntramuscular 1njection. Thi's be
acconpl i sheaeny or dieps iselugipg bucpaliygnd sublisseiyi on of crystalline or

anor phougofpkef | al Rék@fﬂiléggofﬁﬁé%ut‘é@g SmiSiokHiBh Le']écbe{i, ﬂ@%n; Eﬁls?)i‘thg

absorption of the drug then depends upon its rate o i ssol ution

whi ch, i rPresgRATVeRtSR, ‘dgiﬁbway bosad erasuiable yidsaged dorn, andjastid nhamaceugieth

Al ter nat i el ¥siti e BPﬁi@ﬁre&QﬁﬂHﬁEibxﬂ %e%nﬁxld?ﬁiﬁt@ﬁaﬁ&ﬁ%&e\iﬁ@aﬂ%‘a&%ﬁ%lﬁé ed drug
form may be acconpl i shed by dissolving or suspending the drug in an
oi | vehi cdosagefame px overtiont] asthedgiaemm t¢ Beseof slrild imfhlert.by f or mi ng

m croenc Mt TleGE&sh ‘MerdnBRicsiiPI R tiveCRITRQY ' g’n%ﬁg{ bl e
pol ynersatgg(_}éhﬂas poleyiaglctiea%i)g[?g%yqoxlrei_de. De&?ezsnigiq}}]g on t'fg%‘raati o of
drug to pubigehselt orpelymornd thes i} dicgfthethdogient o raedics} repnonserd e tisswpl oyed,
the rate Sl 6 RAME thPR 1BSe SABRANheseaHA R Siufih, REREI doctor

bi odegr adabl e polynmers 1 nclude “poly(orthoesters) and

pol y( anhydpthgedipiciapep Bet is myfbeiend i prevest davelapmanel o plevintste spimepdened by
ent r appi r I j .Gk | si ons which are

conpat i b{lgle&mplﬁﬂlqggglﬁﬁ%gﬁg&ﬂ O(gsoe%eﬁg?%gg%%par ations of the present
i nvent i orlO@ySlhe gisreal depagd leyels qfshecastivs ingrbdionts ip thephhimacepticalect al | y.

They are @Ghy8Rida of Qs TvesitintaRIve vidla 360 B MlasbhAbE R afQut e For
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[ 000155] The term "therapeutically effective anmount” refers to the
anount of the subject salt or polynorph that will elicit the

bi ol ogi cal wersedipal response of a tissue, system aniprglyQboo/dssT
that is belng sought by the researcher, veterinarian, nedi cal doctor
or other clinician or that is sufficient to prevent devel opnent of or
alleviate to some extent one or nore of the synptonms of the disease
being tr &gledonARRISAIAINRLAARS BEAek B Blen @l H3fonaChl ¥ g ed ent s
in the pharnmaceutical conpositions oF_ this an_ent on may be varied so
as to obtmatientznemppsition angfmadaef adeninisteation, ygiheetibeing taxfvi te Fheipgtiasf.f ect i ve
to achie desi j : j . ient,
composi 100032 Rk e RGN o BRI £ BB EE o tloiEh) 1
pati ent . 400G HcPadiculet wopewhddd ugesstu inykntigh leiupbpple mtheigston, salt var i et y
of f act o nbd LSt B0 rdullordGhinitichionthe 1€ oPRibi i, s0HORHAGAE, S0
present invention enployed, or the ester, salt or am de thereof, the
rout e of thelpariiudar penpoynd beingeempleyed,dlic dudhtion pthe teatoent, ofisedmgt. e of
excretio ICLL: nej . ipn of
s R S U e
conbi nat ithagei ek, wenght,sandifion parerablpitfomndgriorpedisad bistotyhd thegetiens boing

wei ght, condjt -prlor medical history of the
pati ent bel n!éf #&ggﬁ%ﬁ%%ﬁ@?@eﬁﬁﬁ%}@%] | known in the nedical
arts. [0000BS$A phiphysician opretergracan Inaing aniinaawskibin drecirtan geadiki | | i n
the art %{&nﬁﬁé‘M ;}fesgﬁﬁe%géfﬁ%ﬁ@e%oﬁﬁt%?g{e'p SnblG6h }o%}o%]ﬁ n RIRMAL  Of
the pharmaceuti cal® conposition required. "For exanple, e physician
or vet er iFeasiample thephlyssdiaaror veleryagarpfouldrstariciosss ofithe somgfoundsefthevent i on
enpl oyed :in I ot i1l ' r . t hat
Foqut yod P T R ER B bR e r N RSt ol

gr adual | yordemea ashisie thihdesiferdstherapayiie ¢ffect dnd grrduillyanrrestd he dosage wtihtheved.

[ 000159] | As;a9ne8tAks aciesddi t abl € daily dose of a conmpound of the
i nvention %gel I ﬁEe 3taﬁaf:e amount of the conpound which is the | ownest

dose ef f d8RAL9R t o Joreoehider suitabiredadlp derciof a edipsund ofShinveationfilldwtthay e
dose wi | lanﬁ:ﬁﬂteorf ﬂlelc}fmﬂ&ﬂﬁ Q@jcﬂ e fo%stfd%tegﬂééjvg %?Bdlﬁggth% MBic 8ffect.
s and su 0 t s of

Ceneral |y, intraveno | cut aneous ses ‘he compoun

t hi s i nveneh gheffegtiveglopmvillenreraliysiepend pen thofactprsdeicnbidekeed Generbllesi c
ef fects, :w : . K am of
body vei 4 tf‘*%i“%‘%ﬁ“ﬁ%%@%?%‘%z9%%%_’??%%2@%%%9%%@% R
per kg peawediaythe idipaisd pnalgeprp pidecksy willkiangs| fent 2bgwh 00981 fo hout 109 mgpeit 10
ng per Kg : i sfombadiiEnt

bet ween g?lggrgﬁg)?yfdf %@%E@%%ﬁ%ﬂelﬁ%@esi r eg?mtqﬂéé g%@g%ﬁggéggﬁllgry
dose of tda® ané stillamore refuehiviirom poye 0.4 dmabapisiOangner kg psday. Hopexamply e,

four, fi\gmeSinBodhedlOhE dSELEAIESndH UnA i4§)tn§‘§1§‘e€lk Qﬂér@&e%éﬂ, @k effective
appropriate intervals throughout the day or week or other suitable

time peridsdy dspef baagtivy comppunhmey RRodanustered spone,toodhe fumi five, six or s
possi bl & fQE s-derRamtkdid depfatBly EHPlopHAlY Rl aRthoReRft ROMy b S8 ed
alone, it is preferable to adm nister, Fhe conmpound as a

phar mac e PRl sugghipiéras pariof. opiongly e wt dosageders: the Tetracycl ine
Conpoundgo@fisbine | Wk isPBssitROBL S ddmddBnd PV Présoit ifeRPonRERL @I NS tO a

met hod for treating a tetracycline responsive state in a subject, by
adni ni st efmgrstered alons, i ispreferablete adminigerithecompenyd as aphagmecswiseli t i on
conpri si NGmdodiygpound 1 according to the invention or a
pharmaceutically acceptable salt thereof, such that the state is
treated. [000162] The terns "treat", "treating" or "treatnent", as

used her & n, Rkas bPUARERE A a Bl E6KARUIO AL LARKARA I N9 a di sease

or disor f()e.g., 1e tetracycl’ine conpound responsive state) and/or
its atted8Hellsynplhsimyentiunealso @eriginsto p mpiiad for tregiing ¢ égepysline tgsponsive

" Prevent i o' adhjste 5 allfinfteling fothSdunfelt o BN LAt OB dohBkifbonS UPI €Ct
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[ 000166] Exanpl es of inflammatory disorders include, but are not
limted to, osteoarthritis, rheumatoid arthritis, acute and chronic
i nfecti onsybaedAded! and fungal , including diphtheria @R%s2009/045143
pertussis), acute and chronic bronchitis, sinusitis, upper
respiratory infections (the comon cold, etc.), acute and chronic
gastroenteritis and colitis, acute and chronic cystitis and
urethriti G Q] C At bl u nd..chroni.c

conj unct | SrFrEe £ Ao ekl blon B%i8h ARGy Aefiabi s
per it oni tthereofgymlbpihiat the statphsdrented.i s and tendinitis), uremic

peri car di {hSnerAcut G ke ] [ Sy d r.oni c
vaginiti S[TObglg 5 e aﬁlaeatg%}soﬁ!é%ﬂ u@%aﬁpg SO?G%%&IB&F é%g %%P\eg?m’irn@%tgta rlbeli}}ogs,
burms (t herfrllviating enityedativgaidiedassotr disemlkr) (e.gn the safmbyeling conPOQLGZpImivet €r m

"infla ¥ ' dst "t Ad i .,0Ng di,nment,
NO aseoc, RO EbORGREARIGHHORE. 3 BLE Splelli heplll BRI s
whi ch i nviskd/keren, rafieeto agsttieox af baring 4 dubjecttfroncacquiriviea (ibidye ardisoricht CThel e
nitric oxi y . Lated state includes states
whi ch are ¢ %c?ég% %r%?%eréh%%é 121';1c{5°’%lr‘}lr%an %gﬁfﬁhﬁrlﬂaémg? cﬂ%eéeﬁd/m o IR €82
Pr ef er abl ipmapheink®, aeswciat teg) cst @ivehasm gbee, cemelathech dry pag iAreferstlgrthang
tetracycl 'g}g:m%lq@ﬂ,pdgls of the invention. The disorders, diseases and
states described i

N U. S. Patents Nos. 6, 231, 894: 6, 015, 804;
5,919, 77400@168] 5, 78 [%sager etratyshng cooipohddespsnsNOsaies ociataeytliag at es.

The entir e . , . e a her.eby. i ncor por,at ed
herein byrgf‘oégﬁeesn%té%}&{lﬁgg%%@ﬁo‘@l%ﬂéc%ﬁg?’( g%%?d(;éé%?l{eﬁﬂré’? 55%?% S °§@$?§s
i ncl ude, theidduangtration of 4 teirdcychinecompaeuind pf the insenies.c Eeiceyclioé aopbas]
vascul ar r i.we di.sor . .zhej. 's di sease,
Pt i ngt dPeats S S ESRAT Mt ol AER B LD b BB 58
(reperfu sne-ﬂs‘ias mh@lttmcwﬁmmpbmidb)ovdnngs (ergf,@;qs;atmyqer,fbme kiricer, colon

di abet 5. cah L AP S5O0 Uit uBRLSORERIV Gk GRBUIBLSLS
arthritis, acuté&, recdurrent 'a Chroni-c Inrectiohs acter ral , viral
and f unguiwpntedealiviar pratiferskion i cludingdrug héttlingted &, thosd dessibediind).S.
respirat: i gtﬂ!'iﬁr 0 C ) { . chronic
gastroe ntfgé%qofz:agfan 13’313{6{)1%}2?&3@%% S’aa%h g%nﬁrf%a?]?sg "”c‘g@f’i} t? ?%9%%

ur et hri t i compeungs bavghdenchyngrit be ahéivaitred, far sxangpde. UeS. RatdntdNusoni188,395;

conj unct i /gl S e 1,941 it d FQ&F' it .

peritoni tél’/gs#"%?/’n%ﬁ#{oigls%’%2?2???6%}1:0%& ?g?]%%( It S?S‘gﬁ&gﬁﬁi IZerem by

per i car direferenceic Gompaunds efifregnientioriaah be yest kospreveysaricontfol mpogteg, acut e
and chronj AT A~ roni :P{EH . r : :

i nsect b%ﬁgl?{éggrg}rl\&sé 2 t ﬁ%?%??s%ggn&cﬁ#}hgﬁ e elgiécrt flg%#?rfs’ Iangﬁdsn Sﬁﬁur n.
[ 000169] Tia ané skin strusfure Aaraitose yndihroedrfectinns woiut inffctitmamestitinimsldhe like.

i ncl udes,y, L& ' : ' : ' LAk

rat oo (MALSOE pERRAL R lng Bk Rk Rea AL EhaRs SRRPELAL R
armount s e NpgRgcladed (YaprerBazes et af., CoivesBesa i ¥8af&6686166PA d Erbnas

tetfaCYC'&&%aEﬁH@&H%aEﬁﬁR&@?JS}éﬁ% £ ot ¥HaGbridT ey, L GRMEd USi ng

conmpounds of the I nvention. Exanpl es of matrix .
naet al | opihodiment the ietraencling eanpawnss ebth¢ junemtisn a1 epsantially eon-tntibactariel. not

i mited gy ARLR! hOSEhBIAT:Fers @% At SN R
OSteoaI’thI?II'[Gi S, ﬁuﬁi&}gl e scﬁgrog‘%@ ?_%ogl?isz&et q%‘{e, % ul\r%(f‘ 1998,
44: 35- 46;valbeagrditenthastabat 4 pigbuirae mersured by 289 knd@n hiks 411 |,

ost eosar st Ay i i hroni ..pul monar

obst r uct ﬁggmg?]geagg%@é%{?l né °§n"‘3 9%1@38%?%3%3%?? alﬁ(g}nf:@g%lﬁ f igrf‘?mé oy proess

ost eopor gssiosiaterl hagsrEP A The tdmmi“inflsmmetoryepradessessociatet] stak) inchfidsatmpmtor y

di sorders,,.t,uner_ar.owt h. d invasi.on,(StetlerStevenson e Annu.
oy ol pert Rl LN oL AR B0 2 S Db B RS b, 8
Acta 198 _X);(i@QN O],%Il?fh?e;:lpmk:inseplasma, préfbitis, G‘ahﬂar defguse iﬁ_%m, A RikBrds, &93:1_,

et ast 251, S RRHL SrdB, o Hateats Mo QS md QSRS B ar b ARG SR pr AR S O
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lung injury. Acute lung injuries include adult respiratory distress
syndronme (ARDS), post- punp syndrone (PPS) and trauma. Trauma

i ncludes agyhsbidixet 0 Iiving tissue caused by an extripshEsaeRN14Or
event. Exanples of trauma include, but are not |limted to, crush
injuries, contact with a hard surface, or cutting or other danmage to
t he Iungs [000177] The invention also pertains to a nethod for

t t t

tetr acyol aat %%@%,%%ﬁ*g%iﬂ%@mme%?gﬁ% ﬁ%@%‘*ﬁ% 3 1“%?}8@% i ne

r esponsi wemggatls cafse phinflingmationingsy ba Heedo phiicaldiame e, olrengcal sibgtances,
di sor der %maEBhoﬁ AnfNENS s heBEGE RhdbSe ér%tﬂgp%gﬂdsﬂxéu% mh&&%&gp’ﬁqs &B{%% i

| ung di sorders®by adm ni'steri'ng
t hose deder e femedaps. if ltﬁiengwelaﬁme hiomeyarchen 1amm1m rsfeard togs tloomic

subj ect fﬁm‘ﬁﬁ’ ive amount of a substituted tetracycline conpound
such that t ronic lung disorder is treated. Exanples of chronic
| ung di sdPHPE] i nclPddés indiude inflanmddry Hiserid¢rs dinflaromatetyliimydersyasd geperally
fibrosis t | L ne
compounds A R 7 R edibisthlelnk. 1l 108 Rbn, ARGASHEARESF 10
di sor der dnfamghatery dishdsws ingbelerbiubed notiinlite&to, Rarahidl iflersionsHe.9.7 Bachdiat

ncor por aPSAmRauERap Wirita btk RS Ballion By Whgh, SERRW agons

2009/ 143562P0OFiYBRDOO# D48 b%BC) 6527 Bctasis pad vmmtﬂsms oémrodioingizt , t he
tetracycl] 0 V& i

| schon o "Shafo ENatlr SRERE B BAR Bl uRSAETURLIBAIR, Pl et § ng
i schem a,Nost 3.939056 and &63263%7 cingrrpayited Ipyeimbimicferant @mitimgy catiregf. f ect i ve
anount of bstif H%ﬁ tion. In a
further ég@c%géiﬂrrent %s%;é‘ ?%%%/ﬂ%}’ @gsof:dggq%?}% 1} ?E??ei[ 1&?]%r’?§gm ion are
used to toseearthsitis hhedms@rdd@hstlmcu@md phrb@d lnfwtle1S$bacRa1abaanﬁ fidgal,

6, 231, 89 in b
refer encg %‘ébd%%%% n ano Seszsienlgg%d?rcehﬁggbg%ehl?%??lg%%gwge?gs A und y
responsi viefegions 6hd eomanogicold, stoliadite Erld@hnonmeaﬁtmemeraissud géxtls,apmsandat
east 1N bl ;tﬁls%m%m&s Lafe dnIRABYE Benb AR &%@@@%ﬁ? PSS, L '
epithelia 4 ti ssue g@ nucusae, to acut raumat i
injury (ecge mdcqmommmns n@qs@tls ecrdor)ltls mgvm%plmdtlmgl tandisitigh aremid ng
a tetr acéﬁ#%a]&ﬁu&%m@éﬁﬂ@hﬂﬁctcﬂcﬁe S A Sl bl RhuclBRY B have

ant i bact activity) to inprove the capacity o epl ralized
tissue t @Vhitialdngeeaciongogsrgsbites bamafthermdl, ﬁwynqahﬁnd@éps@celh@drsam@mf

col | agen aeRYMY! at iRl idilBalRR) bidks! dsRif sHIO itRkRoSh Ry al O

decrease. the proteolytic activity in the epthithelialTrz ti ssue by
decr easi rigbedigenioNOsgopigled siptgs. aﬂ@/t%m ‘98 %amiaﬁélssat ’inchdey satgsyvhigh MVPs.

In a fur tlﬁk%ﬁve%m%ﬁﬁ%d wih Gitk 5 RGNS bﬂﬁd&faﬁmﬁﬁeqxﬁé s}nhﬁe gw ti On

is admnistered to the surface of the'skin (e ica

further oYdawpdigierd state Wélufl@tsta&éy@chﬁ@ cbm%wpmbsoﬁbetrﬁémmﬁm NEh used

to treat aﬂd/&lﬂms"‘@‘r'&&ab@'lﬁleﬁ@%cﬁl’d&&a@h&@e%ﬁt@d%ﬁadﬂﬁﬁ&éﬁ&ed in, for
exanple, U'S. Patent Nos. 5, 840; 704, 383; 935, 412;" 5, 258, 371;
5, 308, 839arasydiBecongmpunds of the ipyvprtionn Thedierrerrg discasesciat stefes daserithd nsU.S.

i ncor por glyRhs ARk &1.73118Y4,63/1$ 86059 15,774; b %‘3"9%% alsh B AN Y et

anot her enbodi menf, theé fetradycline’ compound responsive state is an
aortic orasspaigietFiates. akhesnis aententsef sed of thesd pstents arsthereby iloprpemmted bergin,  a
subj ect YifgnQr at risk of having an aortic or vascular aneurysm

etc.). Thé tetracycline conpound may be effective to reduce the size
of the vd8¥UPHr arfethenesampies aiiNGsgocktedstes frickide bethre notdimitediobj ect

prior to éaéium%ﬁ&t:eng dt B&eef@a%an%@s&o@*% YRR 5iBRberd tmﬂﬁrh?ew ysmis

prevente n one e vascu artrssue Is an artery, e.g

t he aort aliseesegHuntingien’ aé@w avd Parkinsenis dipqase), chudiacklisease fropsiusiomnt . t he
tetracyclifgaee THaY RS wily ikt tibd e 108 a6, S Hndidy Ws6RAksdi sor ders

osteoarthritis, rheumatoid arthritis, acute, recurrent and chronic infections (bacterial, viral and
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[ 000187] The invention is further illustrated by the follow ng

exanpl es, which should not be construed as further limting.

6. Exenpl i fyypahdsPss9s the Invention Exanple 1: Synthesi %&st%oﬁﬂokéﬂs
Am nomet hyl M nocycline O 4 (not isol ated) freebase R & = or
al kyl group Schene 2 [000188] M nocycline hydrochl oride (conpound 2)
was di ssol ved in nethyl sul fonic aci d or hydrofluoric acid with

Tt he aoi JREArl KR i GonciE SRR Lo ERERIRR I oo, B,
m xture. mﬂeaqvit%nd ﬁ@omga@pﬁrﬁm@a a@ftcozgs 3sind ghiohicichgsitis @zaiomthmlswas
conpl ete. acmggn@aﬁ@lé&hﬂgitg%}f@%n@&%% éogj il ftfée:“é\% c]ﬂa Héfo%msand

triflic salt can be rea recipitate ter ected. The
sol i d wadprereargitisepsrijongisi Sfxn%@s bln@taradd bn@agiﬁ):. utemnapmeudmalacmm th

base. . ThesRhRdiGiotRs cRiEEhBLE ALAHuHAG AUHE 0o Bla SRR Gyl Ne

triflic acid was present as scCavenger t dct can pr eC| |d| tated
wi t hout mﬁﬂewlplzmm@hbltémempr(@m Ch@gcalsm%@@@ab,sanésuﬁbmur e of the

bis and |
reaction [%sgge]ﬁrl gﬁﬂ 3él n t e eS| ?Ix%gﬁ%‘sg&lrl atd%gdtﬁg%g/gﬂcm%so&l@g] The
sol i d wasmbadimenlgwatrix metaieprBteiirieassoria®ilistapsiMMPH8 ). MKRS.Sdenlrde edteput

by usi ng JHELOVIRE, S’ﬂﬂaﬁ% |

reaction cpr ogr esseggoa t\%glém?éenove E tra{y| %QS%'?% atlﬁ%t"?cﬂ{d%éaﬁt | ow
sol i d pr detreycling sompopnd qssnoailwt@mww mayé:emmd using oompeumdaofﬂla 5

vol unes Qfychalut yl methyl ether to the reaction mxture, and collected

through a sinple filtration that left many small inpurities and
met hy| ami[A@17@agenExamples hiamaftix melaBeprotrinese hseciged §tétesMNBMS sf indhinds,

corrpound cﬂ&ﬁ&ﬁ{ewm&%%&ggﬁ gﬁr@g}lﬁmeﬁtgg 4é% pﬁer ee‘ﬁas{‘e“*@*“l’ PR&GHE

al cohol suc as net oun '
transfer ﬁ@arosléﬂaedﬁWGQeﬁ#athlvw&éﬁ 3atocGhapdler &kbrged wi t h net hanol

and al dehyde,;Akd; E'@%t Wﬁsfseﬂ),PQté&m%%?'om%&m 8s, SRAGEG RN G dnlle Vessel
was pressurized wth hydrogen € reaction m xture was

hydr ogen@v@épnawwéﬁtmwwd}‘gm, qémwé @V@lwmm@n@nm ostegporaie sheumatoid
hours. WyaBH&omete QB! 1nﬁ£}HB9tHf}d.i1s%f(feﬁ &m\eggomrsﬂ{;]ﬁ{vsmo&(ﬁﬁtxaﬂl ution

was filtered and washed thro IS polnt the

u
react i on SHVRESQR & & oferai ﬁ‘é’dcﬁf/ég‘yl 19, $: 34107£ Texgevesen o af.ofinckiB-Blophys.
[ 000191] The, REPDL 01107, MBS NHCCARAS 9éao bi 94/@9)t ﬁethsiaksaﬁtcﬁteh

product selectively fromits i npurities. e solution was
adj ust ed BYaHEKE ischanipjdighcies, gertin pF vesaypr Pmryaﬁa Siﬂﬁéls%lé QRS ATV e,

extract eq!,om 4nld bkt @ég%%ﬁa@eeenwm RALIBONS 9b@i@§3-‘§@%{ﬁff&!ﬁcbﬂﬂ Wi th
dlchloronet ane to selectively recover referred epi mer product

(e.g., a)opr FiwmaiobiPdh §r¥é¥ﬂéﬂe W@yw&ﬁ#@l‘l desgribgddn Hen 8atmntr at ed,

and 2 L Qfosfs Jm@magrseszww acided39,6,088 891; Riob A £, hb@aﬁaoﬁllq@ésw%mkﬁer
purification was obt ai ned by repeating the work-up procedure with or

Wit hout 345 yIquﬁloF%ﬂdé‘PW@rbth&feﬁp%Bﬂ\?E cptfetycr ude product. Exanple 2:
Purificatpgmn7nf Conpytng edibdBRGE IR l@i’é&?ﬁm@ c&ngpougd re%dﬁﬁb@éﬂtpfsggi/c'er

am nonet hyl ) m nocycline freebase (40 di ssol'ved
buf f er AFxemples ofsakssisvhich the Eimsygine ﬁ%’f‘ﬂ*?é.‘ﬁ‘é“scﬁ Flﬁéfﬁﬁeﬁﬂcé?cql@ e uﬁx@i)to and

the pH WaSaaabine bl dolfddurdons, i, bhcil&hes e.g., adenocarcinomas and sarcomas.

Adenocarcinomas are carcinomas derived from glandular tissue or in which the tumor cells

form recognizable glandular structures. Sarcomas broadly include tumors whose cells are
embedded in a fibrillar or homogeneous substance like embryonic connective tissue.
Examples of carcinomas which may be treated using the compounds of the invention include,
but are not limited to, carcinomas of the prostate, breast, ovary, testis, lung, colon and breast.
The methods of the invention are not limited to the treatment of these tumor types, but extend

to any solid tumor derived from any organ system. Examples of treatable cancers include,
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[ 000193] The solution was filtered and injected into an HPLC and t he
product was eluted with an isocratic gradient of 94% buffer A and 6%
acet oni t riyy@,90bgs49s oduct fraction collection was initi »WeBis e
product peak was detected. Each fraction was anal yzed and an
acceptance criterion of greater than 80% AUC of the main peak was
used for the early product fractions. Wen conbining fractions, the
evel of JMRH k8% 80 dib SLALL S, HONERAL T ALL A 0f ERC.PO0I £
fractions was tactored 1Nt o the selection criterra that-mer the
final prodeoomspeostiticcatrinoms, lunpeatder apd oduiety of phetdanrs asasiladidked a
10% aqueaq | Wt L on_ of di ltLte equal to 10% af the original
vol . o Ere® ehib B0 Bn ARSI B4 tohio i BBt et Ba s A

r epr esentas, fohexanplephoscof tha psistatgl Bedsh kizloty, ovary, Tsees endtaolon. from nul ti pl e
injectio al i nd.wor ked . uct. fraction
vol e oot ° PR EnbalRbfe AV IR h s umnil BEVENRLE 85" 1
was adj ushfeinger 4t ik -of suffsringsirany carcapbyddnomstaingso dffentivh yrdoumkoftke.  The
aqueous s i was .washed w th .di chl oronet hane and t.he
organtc. Ry le¥@EE ERgould iy fabinfihishh STRBOTE AR 0BG EY
aqueous |calndar preliferajions ineghivieness, nietastalis, pr tugion (pesierdk idetryabed) xloded,and t he

pr oduct S e acted.four tines with..2 4.1, di chl or onet.hane. The
v AR R Sty eSS O on B RiaFe S PREARS: | 011, o
each ext regddtion of {n00Ph86dtdrip @rocess) sothe othkonahetisnaoer doapmasonvefr e

conbi ned n?er(‘:ﬂan‘fs%anscﬁﬂ” 1

LA, h0 ROt 00 Mhus W EN RS LS, AldaL,
slowy (over da peri oar of > 'abou iR elglfl S A i oPo?f%Y)[/‘ anaaY
n- hept aneedudetcel for exkhmplestospatinsdidmal canser ffllowimgdurgioal redodtish of diatierut es at
roomte ratu d di.l uted sl.ow over eriod. of 5 mnutes) with
- hept andrity’ e Bfing tbBodo it et ingTo BEM HtoRnc2oelE °°)
hour s. Thévaitmgpendeticsat substastiallfy nbit-exedompaedia sthedcantdr breBmentd 50 ani L
portions n- s T ri under macuum at 40C for
B | east anep R AN h' QB8 bEhe YR5Eh LM R B AR B 21 ¢
of all r eghdadtarseltheatyssuekeasebwinbtlimited e chdmatterapgn. Appr oxi mat el y

13.6 frnde Gd , 2' a4l I 1 . i f

wms i g0l dPEITS 2 HEnPEL MPLSAh: AR OR e U IRREGLIR LS BRAATT
HCL Salt vdfichGoeipdeihoth reufopyCHi@TF @uinporedepetergtivd dgprdwa.sutiars s limatd it

acet one (A?lg% ’s)d’isegskzl &eﬁ‘féﬁg}s Iﬂslri'%c&tg gxlil'fel(?‘;e\?’é g@@ﬁe Q)ggbstling{)%lé&éésems hed

wi th acetone. he conbi ne rate an €S wWas co to’5 C. To
t he conbibladdnspi’s diseases aad othevd sy sliffuse bolydisessas, ednile deresane, Fhinauptesl (3. 9

e . ’ i otirring. Th
obul § antreparolesudli ol Sy bbe SGG, Mo LRI T LB Te
filtered (6£8), pfogtssi s Mheuctear paisycqptppsifand Erquittfaldid akoh <lisease, wirtohomiol d

t NeR: ied i yi-elding. 13. 7
acetone gpd.pe %gfs g%ﬂ ﬁéjt_wpg%élk@? é@:ﬁéﬂé\ﬁ: Pﬁ&d@t.@, n@%sﬁc@#@&%rﬁ'&s 9

of yellow anorp _ _ ] ask’ saturat’e Itrate was
cover ed Wdapressibm ihizepirenip) schirapffedive disonder2Kopeake” sdaychogs, wiahieankiaty

wt h of g Siaal I db
R S e e R
Cryst al | imprsacivislosmmesaitivrs deficie diseriler, @a) tdysitynto diswdavamaion Bo0IDS|dROrdar,

25-nmL 3- 31 | j Le.,: . .

" sopr opangr ot BT Yoot bieidhofle sHRHEL B FSHAC e, B e,
anmor phouglisordss apwslbasgfipolis pffentiveldisorder (sehiere bipakekafteTting (mbed) disordersBRanned
toate r 4 |_f oni: i ( ng) was
t hen adggg’ bﬁé’%ﬁg@%ﬁvag?u&h%ie&gﬁgégf’g\'/ﬂ/a%sl&gi?lg%Igeogg%’g%tg)llg%ﬁh or one
hour, t hemuobgiceldlisoglepindhdeofopeoplethasetlisied kn the jamtrdah Pawhigtriar ry. The

slurry o 5(:'14t £ ?ﬂa S%%@éﬁ%ti@é yl.Lalj-) 0y I(flgnbtc)ﬁ aDt}so%}séDggfg,etﬁémLﬁ curfp

renoved fromthe cr I ne ca dryrn nore than two
hour s t o vasivnedwhih constrtedbsiaghty referopsd ialits emizetpresy| at e

(met hanespldigsy © it BhbodheLATPRHA o CAH R TR ks YBSvE SRL A €. 11

diabetes, e.g., juvenile diabetes, diabetes mellitus, diabetes type L, or diabetes type II. Ina -
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[ 000202] The XRPD pattern of the isolated tosylate salt of Conpound 1
conprised 20 values in degrees of 5.6, 8.0, 8.6, 11.4, 13.0, 15.5,

18. 8, [000203] The crystalline tosylate sabi

subj ect ed to ?%%ﬁ%sggraw metric (TG analysis under nit rogeUnS ’00'\‘,31'53{
heating rate of 10 C/ mnute. A weight |loss of 3.9% was observed up to
81.3 C, whi ch was due to wat er loss. [000204] Upon dryi ng, water
content i sYl.al e 58 al cul at ed
to be 0. ggrdlil%'&’ g%f ﬁgom enpatgr%%du? eggor Iﬁlitmﬁlglﬁrg% this

val ue i ndetwawde t@nﬁﬁ@dsmf tlwomtentasnt I anottizeersbod mpEnt te t@erpiioancbnipoutde
Crystal | e AR ALE et CRIBRHA, i BB RS B ERkESn A Bl
nont hs at™ room CONarnLal nin e o

appr oxi metoeliyitéhie msuﬁm&il%] The hygroscopl city of the subj ect
crystalli syl t

sorption [g(goa?@zer %e‘m rrgmo e ’atﬁg {ﬂx@ﬁ%@%&é@ﬂoﬁ d géé%%%% %tgtﬁ\{so e

per cent medsadisarderh Bnnezjmasy d(s@ﬂbﬂ) 1rfchadqﬁ15c%1¢rmw%@/a subj et%bonas afg9disontessr val s
at 25.0 of 12 % 95% wi t h Ilght
nyst or s /G RE PHER bR acockfnd ot SSidfihadthlel i3t O | pa
was obserexsuple, [b(Oﬁ@an%]diﬁhﬂels nrychtiabdtcaperomeéeyg‘ Latdecrsak in was stdaagnhrand ned to
have t he | it d_in Table ubiljties
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0. 05 ' 20 [000177] The invention also pertams to a method for treatmg acute lung injury by

administering a substituted tetracycline compound of the invention.

[000178] The tetracycline responsive states of the invention also include chronic lung
disorders. The invention pertains to methods for treating chronic lung disorders by
administering a tetracycline compound, such as those described herein. The method includes
administering to a subject an effective amount of a substituted teﬁacycline compound such
that the chronic lung disorder is treated. Examples of chronic lung disorders include, but are
not limited, to asthma, cystic fibrosis and emphysema. In a further embodiment, the
tetracycline compounds of the invention used to treat acute and/or chronic lung disorders
such as those described in U.S. Patent Nos. 5,977,091; 6,043,231; 5,523,297; and 5,773,430,

each of which is hereby incorporated herein by reference in its entirety.
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1.19 reduce the size of the vascular aneurysm or 1t may be admmlstere to the subject pnor to the

onset of the vascular aneurysm such that the aneurysm is prevented. In one embodiment, the
vascular tissue is an artery, e.g., the aorta, e.g., the abdominal aorta. In a further
embodiment, the tetracycline compounds of the invention are used to treat disorders
described in U.S. Patent Nos. 6,043,225 and 5,834,449, incorporated herein by reference in
their entirety.

[000182] Bacterial infections may be caused by a wide variety of gram positive and
gram negative bacteria. The compounds of the invention are useful as antibiotics against
organisms which are resistant to ofher tetracycline compounds. The antibiotic activity of the

tetracycline compounds of the invention may be determined using the in vitro standard broth
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dilution method described in Waitz, J.A., National Commission for Clinical Laboratory
Standards, Document M 7-42, vol. 10, no. 8, pp. 13-20, 2™ edition, Villanova, PA (1590).
[000183] The tetracycline compounds may also be used to treat infections traditionally
treated with tetracycline compounds such as, for example, rickettsiae infection, a number of
gram-positive and gram-negative bacterial infection, lymphogranuloma venereum, inclusion
conjunctivitis and psittacosis. The tetracydline compounds may be used to treat infections of,
e.g., K pneumoniae, Salmonella, E. hirae, A. baumanii, B. catarrhalis, H. influenzae, P.
aerugino&a, E. faecium, E. coli, S. aureus or E. faecalis. In one embodiment, the tetracycline
compound is used to treat a bacterial infection that is resistant to other tetracycline antibiotic
compounds. The tetracycline compound of the invention may be administered with a
pharmaceutically acceptable carrier.

[000184] The language “in combination with” another therapeutic agent or treatment
includes co-administration of the tetracycline compound, {e.g., inhibitor) and with the other
therapeutic agent or treatment, administration of the tetracycline compound first, followed by
the other therapeutic agent or treatment and administration of the other therapeutic agent or
treatment first, followed by the tetracycline compound. The other therapeutic agent may be
any agent which is known in the art to treat, prevent, or reduce the symptoms of a disease or
disorder, such as IPAS. Furthermore, the other therapeutic agent may be any agent of benefit
to the patient when administered in combination with the administration of a tetracycline
compound. In one embodiment, the diseases, such as cancer, treated by methods of the
invention include those described in U.S. Patent Nos. 6,100,248; 5,843,925; 5,837,696 and
5,668,122, incorporated herein by reference in their entirety.

[000185] The language “effective amount™ of the compound is that amount necessary or
sufficient to treat or prevent a tetracycline compound responsive state. The effective amount
can vary depending on such factors as the size and weight of the subject, the type of illness,
or the particular tetracycline compound. For example, the choice of the tetracycline
compound can affect what constitutes an “effective amount”. One of ordinary skill in the art
would be able to study the aforementioned factors and make the determination regarding the
effective amount of the tetracycline compound without undue experimentation.

[000186] In the therapeutic methods of the invention, one or more tetracycline
compounds of the invention may be administered alone to a subject, or more typically a
compound of the invention will be administered as part of a pharmaceutical composition in
mixture with conventional excipient, i.e., pharmaceutically acceptable organic or inorganic

carrier substances suitable for parenteral, oral or other desired administration and which do
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not deleteriously react with the active compounds and are not deleterious to the recipient
thereof,

[000187] The invention is further illustrated by the following examples, which should
not be construed as further limiting.

6. Exemplification of the Invention

Example 1: Synthesis of 9-Alkyl Aminomethyl Minocycline
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[000188] Minocycline hydrochloride (compound 2) was dissolved in methylsulfonic
acid or hydrofluoric acid with methylsulfonic anhydride or similar water scavenger acid such
as triflic acid. N-hydroxymethyl phthalimide was added to the reaction mixture. The
mixture was stirred at 20-35 °C until the reaction was complete. The acid solution was added
to an ice/water mixture, and triflic salt can be readily precipitated, filtered and collected. The
solid was re-dissolved in acetone and brought to a neutral pH with base. The product was
precipitated by the addition of water. If the triflic acid was present as scavenger the product

can be precipitated without neutralization. The product was isolated as a mixture of the bis
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and tris alkylated product. The isolated material of this reaction was enriched in the desired
bis ratio (90%)).

[000189] The solid was suspended in the EtOH or MeOH. Aminolysis was carried out
by using methylamine. A phthalamide by-product precipitated as the reaction progressed and
was removed by filtration. The light yellow solid product was precipitated out by the addition
of about 1.5 volumes of #-butylmethylether to the reaction mixture, and collected through a
simple filtration that left many small impurities and methylamine reagent in the solution.
Further purification of the compound was performed through re-slurrying with a lower
aliphatic alcohol such as methanol.

[0600190] Compound 4 as freebase was transferred to a hydrogenation vessel which was
charged with methanol and aldehyde. An inactivated Pd/C catalyst was charged and the
vessel wags pressurized with hydrogen gas, The reaction mixture was hydrogénated under
hydrogen ﬁressure around 30 Psi for about 24 hours. When conversion of compound 4 to 1
was complete, the solution was filtered and washed through a Celite pad. At this point the
reaction mixture contained very low § C-4 epimer, around 3-7%.

[000191] The product (1) was worked up as follows to isolate the product selectively
from its impurities. The pH of the solution was adjustec} to about 4.5 with concentrated HCI
and the solution was extracted with dichioromethane. The aqueous layer was extracted with
dichloromethane to selectively recover the preferred epimer product (e.g., a). The
dichloromethane layers were combined and concentrated, and 2 L of #-heptane was added to
precipitate the product. Further purification was obtained by repeating the work-up
procedure with or without +-butylmethylether to dissolve the crude product. .

Example 2: Purification of Compound 1

[000192] Crude 9-(2°,2’-dimethylpropyl aminomethyl) minocycline freebase (40 g) was
dissolved in 150 mL. of buffer A (0.1% aqueous solution of methanesulfonic acid - MSA) and
the pH was adjusted to 2-3 with MSA.

[000193] The solution was filtered and injected into an HPLC and the product was
eluted with an isocratic gradient of 94% buffer A and 6% acetonitrile. The product fraction
collection was initiated when the product peak was detected. Each fraction was analyzed and
an acceptance criterion of greater than 80% AUC of the main peak was used for the early
product fractions. When combining fractions, the level of impurities and relative

concentration of the pooled fractions was factored into the selection criteria that meet the
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final product specifications. To the product fractions was added a 10% aqueous solution of
sodium sulfite equal to 10% of the original volume of the collected fractions.

[G00194] The following example represents the output of a single injection. The output
from multiple injections may also be combined and worked up. A product fraction volume of
3.5 L (including sodium sulfite) was collected and the pH was adjusted to 4.0 - 4.5 using a
solution of sodium hydroxide. The aqueous solution was washed with 2 L of
dichloromethane and the organic layer was separated and discarded.

[000195] The pH of the aqueous layer is adjusteri to 7.5 - 8.5 using sodium hydroxide
and the product was extracted four times with 2.4 L of dichloromethane. The pH was
readjusted to 7.5 - 8.5 with sodium hydroxide or MSA, prior to each extraction.

[000196] The four dichloromethane layers were combined and concentrated to about
200 mL, which was then added slowly (over a period of about 10 minutes) to a vigorously
stirred #-heptane (2.5 L). The suspension was stirred for about 10 minutes at room
temperature and diluted slowly (over a period of 5 minutes) with #-heptane 1.5 L. The slurry
is cooled to 0-5 °C and stirred for 1-2 hours. The suspended solid was filtered and washed
with 3 x 150 mL portions of #n-heptane. The product was dried under vacuum at 40 °C for at
least 24 hours until a constant weight was achieved and the levels of all residual solvents
were within specification. Approximately 13.6 g of 9-(2’,2’-dimethylpropyl aminomethyl)
minocycline freebase was isolated as a yellow solid.

Example 3: Preparation of Crystalline HCI Salt of Compound 1

[000197] Compound 1 (13 g) was dissolved in acetone (300 mL), filtered and the filter
was additionally washed with acetone. The combined filtrate and washes was cooled to 5 °C.
To the combined filtrate and washes, a solution of concentrated HCI (3.9 mL) in acetone (79
mL) was slowly added with vigorous stirring. The resultant slurry was stirred in an ice bath
for 15 minutes and filtered off.

[000198] The first crop of solid was washed with cold acetone and pentane and dried in
vacuo for 48 hours, yielding 13.7 g of yellow amorphous solid. The flask with saturated
filtrate was covered with aluminum foil and left for 2 weeks during which the growth of
single crystals was observed. Crystals were collected by filtration and washed with hexane.
Example 4: Preparation of Crystalline Methanesulfonic Acid Salt of Compound 1
[000199] To a 25-mL 3-neck flask under an inert nitrogen atmosphere, 3 mL of
isopropanol (IPA) was charged. A slury was prepared by adding 225 mg amorphous free
base of Compound 1 to the flask. The slurry was warmed to a temperature of 45 °C.
Methanesulfonic acid hydrate (98.0 mg) was then added to the slurry. The shury was stirred
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at 45 °C for one hour, then cooled to 22 °C to produce a thick crystalline slurry. The slurry
was filtered and washed with IPA (2 x 1 mL). Excess JPA was removed from the crystalline
cake by drying at 55 °C for more than two hours to achieve a constant weight. Crystalline
mesylate (methanesulfonic acid) salt of Compound 1 (180 mg) was isolated. It was
determined that the crystalline mesylate salt was unstable at 5 °C.

Example §: Preparation of Crystalline Tosylate Salt of Compound 1 (using a slurry
method)

[000200} To a 3-L 3-neck flask under an inert nitrogen atmosphere, 2.0 L of
1sopropanol (IPA) was charged. A shury was prepared by adding 289 g of the amorphous
free base of Compound 1 to the flask. A solution of p-toluenesulfonic acid hydrate (97.0 g)
in IPA (400 mL) was then added to the slurry. The water content of the slurry supernatant
was adjusted to 0.6 g/L with the addition of water (9 mL), and the slurry was stirred at 20-25
°C for 18 hours to produce a thick crystalline slurry. The sharry was filtered and washed with
IPA (2 x 500mL). Excess IPA was removed from the crystalline cake by blowing dry
nitrogen through the cake for 24 hours. With the solids containing 3 weight-percent (wt %)
of IPA, the cake was further dried by blowing humidified nitrogen through the cake at a
relative humidity of 70-75% for 24 hours. The cake retained 0.9 wt % of IPA that was not
further reduced by this method. Excess water was then removed from the cake by blowing
dry nitrogen through the cake for 24 hours. The tosylate salt of Compound 1 was isolated as
an orange powder (337 g). The isolated tosylate salt of Compound 1 was crystalline with
only one observed form: a non-stoichiometric hemihydrate, as determined by x-ray powder
diffraction (XPRD) and thermogravimetric (TG) analysis.

Example 6: Preparation of Crystalline Tosylate Sakt of Compound 1 (using 2 solution
methed)

[000201] To a 5-L 3-neck flask under an inert nitrogen atmosphere, 1.7 L of methanol
and 1.7 L of methyl-¢-butyl ether were charged. P-toluene sulfonic acid monohydrate (209g)
and the amorphous free base of Compound 1 (556g) were added with stirring to the flask to
obtain a clear solution. A seed quantity (3g) of the monotosylate salt of compound 1 was
added to initiate crystallization and a further quantity of methanol (0.1 L) and methyl-#-butyl
ether (0.5 L) was added. The resulting shurry was stirred at about 20 °C for 22 hours to
produce a thick crystalline slurry. The slurry was filtered and washed with a mixture of 1.1 L
of methanol and 1.3 L of methyl-z-butyl ether followed by methyl-s-butyl ether (2 x 2.4 L).
The tosylate salt of Compound 1 was isolated as an orange powder. Excess solvent was

removed from the crystalline cake by blowing dry nitrogen through the cake for 24 hours.
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The cake was then dried under vacuum at about 30 °C until the solids contained about 6
weight-percent (wt %) of solvent. The cake was further dried under vacuum at about 45 °C
until the solids contained less than 3 weight-percent (wt %) of solvent. The isolated tosylate
salt of Compound 1 was crystalline with the observed form 1 as determined by x-ray powder
diffraction (XPRD).

Example 7: Characterization of Tosylate Salt of Compound 1

[000202] The XRPD pattern of the isolated tosylate salt of Compound 1 comprised 28
values in degrees of 5.6, 8.0, 8.6, 11.4, 13.0, 15,5, 18.8, 20.4 and 24.5.

[000203] The crystalline tosylate salt was subjected to thermogravimetric (TG) analysis

under nitrogen flow at a heating rate of 10 °C/minute. A weight loss of 3.9% was observed

- upto 81.3 °C, which was due to water loss.

[000204] Upon drying, water content in the crystalline tosylate salt of Compound 1 was
calculated to be 0.5%. After standing at room temperature for 24 hours, this value increased
to 5%. In contrast to the amorphous Compound 1, the crystalline tosylate salt of Compound
1 was stable for weeks and months at room temperature, maintaining a water content of
approximately 5%. .

[000205] The hygroscopicity of the subject crystalline tosylate salt was determined
using a symumetric vapor sorption analyzer, and reported as wi% gained as a function of
percent relative humidity (%RH) from 5% to 95% to 1%, at 5% intervals at 25.0 °C. A
maximum weight gain of 12 wi% at 95% RH, with slight hysteresis upon desorption, was
observed, and a 2 wt% loss due to IPA was observed.

[000206] The crystalline tosylate salt was determined to have the solubilities
summarized in Table 6 below. The solubilities were determined by mixing excess solids
with solvent, at ambient temperature for two hours, followed by filtration of the supernatant.
The supernatant concentration was determined by high-performance liquid chromatography
(HPLC). Equilibration of 56.8 mg of the subject crystalline tosylate salt in 0.5 mL water and
122.1 mg of the subject crystalline tosylate salt in 1.0 mL water resulted in clear solutions.
The pH of 122.1 mg of the subject crystalline tosylate salt in 1.0 mL of water was determined
to be 5.70.

Table 6
Solvent Solubility (mg/mL)
Water >100
Acetonitrile 5.9
Methanol 86.1
IPA 5.8

. 44



3.12% enotes relative humdity ** Total inpurities included all
Inmpurities in a specific batch Table 9 Time Point Total RRT RRT RRT

ART RRT RAFoGospQssesl 1 I npurities 0.52 0.77 0.93 1. 19 pomdfszdootdsiidN
WO (/0) (99 (% (99 WO

Example 8: XRPD of Compound 1
[000207] X-Ray Powder Diffraction patterns were collected on a Siemens D5000
diffractometer using Cu Kot radiation (40kV, 40mA), 6-0 goniometer, divergence of V20 and
receiving slits, a graphite secondary monochromator and a scintillation counter. The
‘instrument is performance checked using a certified Corundum standard (NIST 1976). The
software used for data collection was Diffrac Plus XRD Commander v2.3.1 and the data were
analyzed and presented using Diffrac Plus EVA v 11,0.0.2 or v 13.0.0.2.
[000208] Powder samples were prepared as flat plate specimens using. Approximately
35 mg of the sample was gently packed into a cavity cut into polished, zero-background
(510) silicon wafer. The sample was rotated in its own plane during analysis. The details of
the data collection are:
Angular range: 2 to 42 °20
Step size: 0.05 °20
Collection time: 4 s/step.
High resolution X-Ray Powder Diffraction pattemns were collected on a Bruker AXS C2
GADDS diffractometer using Cu Ko radiation (40 kV, 40 mA), automated XYZ stage, laser
video microscope for auto-sample positioning and a HiStar 2-dimensional area detector. X-
ray optics consists of a single Gébel multilayer mirror coupled with a pinhole collimator of
0.3 mm.
[000209] The beam divergence, i.e. the effective size of the X-ray beam on the sample,
was approximately 4 mm. A 6-8 continuous scan mode was employed with a sample -
detector distance of 20 cm which gives an effective 26 range of 3.2 © -29.7 °, Typically, the
sample would be exposed to the X-ray beam for 120 seconds. The software used for data
collection was GADDS for WNT 4.1.16 and the data were analyzed and presented using
Diffrac Plus EVA v 9.0.0.2 or v 13.0.0.2.
Example 9: Temperature and Moisture Stability Study
[000210] A stability study was conducted on tosylate salt and mesylate salt of
Compound 1, by monitoring changes in the high performance liquid chromatography (HPLC)
impurity profiles for each salt when exposed to various temperatures and/or humidity
conditions. Each sample was placed in a closed container and exposed io three controlled
environments: refrigerated (5 °C), 20 °C and 60% relative humidity, and 40 °C and 75%

relative humidity. After two weeks, the crystalline tosylate salt was determined to be the
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most stable crystalline form of Compound 1. The stability study of the crystalline tosylate
salt was continued.

[000211] Samples were analyzed by the following reversed-phase HPLC impurity
profile method at time points 0, 1, 2, 4 weeks (Table 7) and 3 months (Table 8) for the
tosylate salt; and 0, 1 and 2 weeks for the mesylate salt (Table 9).

[000212] Reversed-phase HPLC analysis was conducted using a SYMMETRY
SHIELD RP18 column (4.6 x 250 mm, 5 pm particle size), although analysis using a similar
or equivalent column would be expected to yield similar results. The mobile phase
components were 0.01 M ammonium acetate in water at pH 3.3 (A) and acetonitrile (B). The
mobile phase composition was a gradient that increased from 6% to 15% B in five minutes,
held at 15% B for 15 minutes, increased from 15% to 60% B in ten minutes, then from 60%
to 30% B in two minutes, and then the system was re-equilibrated at 6% B for four minntes.
The flow rate was 1.0 mL/minute, and the injection volume was 10.0 pL. The column
temperature was maintained at 30 °C. Detection was by ultraviolet light (UV) at 280 nm.
The retention time for Compound 1 was approximately 15.7 minutes. The saniple solutjon
was prepared in mobile phase A to a final concentration of 2.0 mg/mL.

Table 7

Time Point Total RRT | RRT { RRT |RRT|RRT***{ RRT |Compound 1
Impurities** 0.52 | 0.77 | 0.93 11.19| 1.26 .77 (%)

) | ) I G | (%)
Initial 1.60 0.06 | ND | ND [0.24 1.2 0.10 98.4
1 week

5 °C 1.51 009 | ND | ND }0.21 1.1 0.11 098.5
20 °C & 60% RH* 1.63 0.0% | ND | ND |0.21 1.2 0.12 98.3
40 °C & 75% RH 1.80 0.09 | 0.05 | ND |0.21 1.3 0.14 98.2
2 weeks
5°C 1.62 008 | ND | 0.08 |0.24 1.1 0.12 98.4
20 °C & 60% RH 1.66 0.08 | ND | 0.08 [0.25 il 0.15 084
40 °C & 75% RH 1.68 0.08 | ND | 0.09 [0.25 1.1 0.16 98.3
4 weeks
5 °C 1.61 0.09 | 0.08 | 0.07 |0.23 1.0 0.14 98.3
20 °C & 60% RH 1.84 0.10 | 0.I0 | 0.12 {0.24 1.1 0.18 98.2
40 °C & 75% RH 1.96 0.1¢ | 0.17 [ 0.13 } 0.26 1.1 0.20 98.1

* RH denotes relative humidity
** Total impurities included all impurities in a specific batch
*** RRT 1.26 denotes beta-epimer.
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20 C & 60% RH* 2.06 NDND 2 0.17 1.8 0.09 98.0 40 C & 75% RH 2. 97

0.07 0.05 0.16 2.6 0.09 97.1 2 weeks 2 2 'C 5C 1.65
WO 2009/143509 PCT/US2009/045143
Table 8
20°C & 60% RH* 40°C & 75% RH
Time Point Beta-epimer]  4-keto M-2 Total Beta- 4-keto M-2 Total
RRT=1.26 | compound { impurity |impurity**| epimer |compound{ impurity | impurity
RRT=1.57 | RRT=0.84 RRT=1.26 | RRT=1.57 | RRT=0.84
0 month 1.76% 0.05% - 2.12% 1.76% 0.05% - 2.12%
3 month 1.74% 0.10% 0.18% 2.86% 1.66% 0.14% 0.31% 3%

* RH denotes relative humidity
** Total impurities included all impurities in a specific batch

Table 9

Time Point Total RRT [ RRT | RRT | RRT | RRT | RRT | Compound 1
Impurities | 0.52 | 0.77 | 0.93 | 1.19 | 1.26 | 1.77 (%)

(%) (%) | (%) | (%) | (%) | (%) | (%)
Initial 1.70 ND | ND [ ND | 020} 1.5 | ND 98.3

L week
5 °C 1.85 ND | ND | ND | 0.17 | 1.6 { 0.08 98.2
20 °C & 60% RH* 2.06 ND ( ND | ND | 0.17 | 1.8 | 0.09 98.0
40 °C & 75% RH 2.97 0.07 | 0.05| ND | 0.16 | 2.6 | 0.09 971
2 weeks
5 °C 1.65 ND | ND | 0.06 1 020 13 | 0.09 98.3
20 °C & 60% RH 1.87 ND | ND | 0.06 | 0.20 | 0.11 | 0.11 98.1
40 °C & 75% RH 3.38 0.05 ] 007 ] 0.06 [ 0.19 [ 0.11 | 0.12 96.6

[000213] The above data demonstrates that the tosylate salt of Compound 1 is stable
when stored refrigerated and/or 20 °C & 60% RH conditions for at least four weeks. The
tosylatc salt of Compound 1 is stable at temperature in a range from 0 °C-70 °C, orina
range from 5 °C - 50 °C, or in a range from 20 °C - 30 °C,

Example 10: Photostability Study

[000214] A photostability study was conducted on the tosylate salt of Compound 1.
Two samples were prepared in clear glass Petri dishes. One sample was wrapped in
aluminum foil to serve as a confrol sample. Both samples were placed in the ES 2000
Environmental Light 10 Chamber and exposed to 12 kilolux of cool white fluorescent light
for a total of 47 hours. Samples were then analyzed by HPLC impurity profile method, and
the results are summarized in Table 10.

Table 10

Sample | RRT | RRT | RRT | RRT [ RRT | RRT [ RRT | RRT [Compound 1
0.52 |10.0.64| 0.77 | 0.83 | 0.93 | 1.19 | 1.26 | L.77 | (%)

() | () | (%) | (%) | () | (%) | (%) | (%)
Control | 0.06 | ND [ 0.08 [ ND | 0.12 | 026 | 1.2 [ 0.16 | 982
Exposed| 0.06 | ND | 0.09 | ND [ 0.13[0.26 [ 1.1 | 0.16 | 982




ND 0.06 0.20 1.3 0.09 98.3 20 C & 60% R H 1.87 ND 0.06 0.20 0.11
0.11 98.1 40C & 75% RH 3.38 0.07 0.06 0.19 0.11 0.11 96.6

[ 000213] Theoabeviasdat a denonstrates that the tosyl ate satudboonisies
Compound 1 is stable when stored refrigerated and/or 20 C & 60% RH

conditions for at |east four weeks. The tosylatc salt of Conpound 1
is stable at tenperature in a range fromOC -70 C, or in a range from
5 C - 50152 r in a range from20C - 30C. Exanple 10: Photostability

St udy guiﬂ(r)alenlts
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments and methods
described herein. Such equivalents arc intended to be encompassed by the scope of the
following claims.
All patents, patent applications, and literature references cited herein are hereby

expressly incorporated by reference.
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[ 000214] A photostability study was conducted on the tosylate salt of
Compound 1. Two sanples were prepared in clear glass Petri dishes.
One sanple was wapped in alumnumfoil to serve as a control sanple.
Bot h sanpl es were placed in the ES 2000 Environnental Light 10
Chanber and exposed to 12 kilt of cool white fluorescent light for a
total of 47 hours. Sanples were then analyzed by HPLC inpurity
profile nmethod, and the results are summari zed in Table 10. Table 10
Sanpl e RAT RAT RRT RAT RAT RAT RRT Rfm&onpound 1 0.52 0.0.64 0.77
0.83 0.931.19 1.26 L.77 (%9 (A (99 (% (YO (9

1. A crystalline form of a tosylate salt of Compound 1:

\N/ \r;]/

2. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern substantially similar to that set forth in Figure 8.

3. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 8.06, 13.02, and 18.83 °28 using Cu Kot

radiation.

4, A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 8.06, 11.41, 13.02, 18.83, 20.54, and 24.53

©20 using Cu Ko radiation.

5. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 5.60, 8.06, 8.57, 11.41, 13.02, 15.58, 18.83,
20.54, and 24.53 °26 using Cu Ka radiation.

6. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern substantially similar to that set forth in Figure 9.

7. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately11.88 and 16.12 °20 using Cu Ko radiation,

8. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 7.82, 11.88, 16.12, and 21.46 °20 using Cu

Ko radiation.
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(IX) (A) CYO Control 0.06 ND 0.08 ND 0.12 0.26 1.2 0.16 98.2 Exposed
0.06 ND 0.09 ND 0.13 0.26 1.1 0.16 98.2 Equivalents Those
skilled in the art will recognize, or be able to ascertain using no
nore than routine experinentation, nmany equivalents to the specific
enbodi ments and net hods descri bed herein. Such equivalents are

I ntended to be enconpassed by the scope of the follow ng clains.

Al patents, patent applications, and literature references cited
herein are hereby expressly incorporated by reference.

0. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 7.82, 11.88, 12.68, 16.12, 18.63, 21.46, and
23.74 °29 using Cu Ka radiation.

10. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder

diffraction pattern substantially similar to that set forth in Figure 10.

11. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 5.11 and 15.60 °28 using Cu Ko radiation.

12. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 5.11, 8.89, 10.34, 11.76, and 15.60 °26

using Cu Ko radiation.

13. A polymorph of the crystalline form of claim 1, characterized by an X-ray powder
diffraction pattern including peaks at approximately 5.11, 8.89, 10.34, 11.76, 13.70, 14.81, and
15.60 °20 using Cu Ko radiation.

14. A polymorph of the crystalline form of claim 1, obtained by crystallizing a tosylate salt of

Compound 1:

from isopropanol.

15. A polymorph of the crystalline form of claim I, obtained by crystallizing a tosylate salt of

Compound 1:
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Claims 1. A crystalline formof a tosylate salt of Conpound 1: 2. A
pol ynmor ph of the crystalline formof claim1, characterized by an
X-ray powder diffraction pattern substantially simlar to that set
forth in Figure 8. 3. A polynorph of the crystalline formof claim
|, characterized by an X-ray powder diffraction pattern including
peaks at approximately 8.06, 13.02, and 18.83 *20 using Cu Ka.

radi ation. 4. A polynorph of the crystalline formof claiml1,
characterized by an X-ray pomdehmgfffracthqp/pattern i ncl udi ng peaks
at approximately 8.06, 11.41, 13. 02 lB 88 20,04, and 24.53 020
using Cu Ka radiation. _5. A po rystalline form of
claim1, characterized X N ) ragtion pattern

i ncl udi ng peaks at approxi mately [5. 6f gl 857, 11.41, 13.02,
15.58, 18.83, 20.54, and 24.53 02§ u%anHCU>Ka°rad(Ht|on 6. A

pol ymmpty, kﬁ&}crystalllne formof claiml1, characterized by an
X-ray po er fraction pattern substantially sinmlar to that set
forth in Figure 9. 7. A polynorph of the crystalline formof claim

peaks. et bappt SSURREL 1 LR ol o TSR R Pl P St

A pol ymGephowfd It he crystalline formof claiml, characterized by an
X-ray powder diffraction pattern\anIudingjﬁaaks at approxi mately
7.82, 11.88, 16.12, and 21.46 020Q u5|Qg Gy radi ation. 9. A
pol ynor ph of the crystalllne f opm br 1. ~Eharacteri zed by an
X-ray powder diffractio a?t .ak§$at approxi mately
7.82, 11.88, 12.68, 16.712>718 i 2% 020 using Cu Ka
radiation. 10. A polynnrph of thm coysbal Ta neof or gnyof claiml,
characterized b owder ffractlon pattern substantlally
¢ st gingiek

simlar TO"95800° qheqr LpgtancRs A pol yrmph of t he
crystalline formof claim1, characterized by an X—ray powder
dlffractlon Rattern i ncl udi ng. peaks at _approxi mately 11 and 15. 60
' 29 usi A RALYFRERIRL ths Frysta 216 fompeficlasrip ?bttﬁledtbyé:n@ta}lsa@qtpwéaw Bt

of clalqb%_mgﬂqracterlzed by an X-ray powder diffraction pattern

i ncl udi ng peaks at approxinmately 5,11, 8. aﬁj 10. 34, 11.76, and 15. 60
020 using Cu Ka radiation. 13. A of the crystalline form
of claim1, characterized by an dod fraction pattern

i ncl udi ng peaks at apprexymat el uo 34 11.76, 13.70,
14.81, and 15.60 '20 ust+nyg ' 4-"a pol yrnorph of the
crystalline formof claiml, i - &||Iﬁ8ng a tosyl ate
salt of Conpound 1: frontlsopropanol 15 A pol ynot ph of the

cryst al |fromeethipragetatt. cl ai m 1, obtai ned by crystallizing a tosylate
salt of Conpound 1. froma ketone. 16. A polynorph of the
crystalline formof claim1, obtained by crystallizing a tosylate
sal t of 18onmpaprlymbrph of The chyspdlinerfonmhofadaine olgaipst Wl drystedlidingy aogyflate sadi afh
1, obtakﬂg%mgﬁlcrystalIizing a tosylate salt of Conmpound 1

e ~p

N N

from dichloromethane.

19. A method of preparing a stable crystalline tosylate salt of Compound 1:
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fromethyl acetate. 18. A polynorph of the crystalline formof claim
1, obtained by crystallizing a tosylate salt of Compound 1: from

di chl oronet hane. 19. A nethod of preparing a stable crystalline
tosylate salt of Conpound 1: 51 wherein the nethod conprises:

di ssolving a freebase of Conpound 1 in a first solvent or conbination
of solvents to forma first solution; dissolving p-toluenesulfonic
acid in a second sol vent or conbination of solvents to forma second
sol ution; conbining the first amng-second sqlutions to forma third
solution; and adding a form1 pol pht t o8yd at g salt of Conpound 1 to
the third solution to form a fogrth” sgruty 0. The met hod of
claim 19, wherein the fiX5t R oLl at Ligp of sol vents and

t he second sol vent or conbinafio Are the same or
different. 21. The nethod of cl&'m49, “hetei A thél)first conbination
of solv . .conbi nation of solvents are each
indepengﬁﬁ%veﬂgm%@ﬁ%%ﬁg%ggh of al coholic solvents. 22. The nethod of
claim 21, whdsmivinghieeebase sf Compdindatin ofirsofolesnt yrenmbinateh dflselvedcofom
conbi nati on oﬁm§thggls are each independently a conbi nati on of two
al cohol i ¢ sof Vent’s:®™23. The nethod of claim 22, wherein the two

al cohol i ¢ sodivehiig plokieadshifordd acidhial al ssand egiasn br conbinatidinel sobetet fofm
claim 23, wherein tr§ et hanol and isopropanol are at a

vol ure-t o- vol 4 Sq8%0f 2 to 1. 25. The method of claim 19

wherei n the §dnitiinghetirsaid @tordfsolatdnéan fosmantird sodutdacmad conbi nati on

of solvents each co i ses an al coholi ¢ solvent and a t.i -sal vent.
26. The met g5 fBTr‘T]g{ Relygormitesyiaiesa H’gc%{F?&%‘ﬁﬁltlit‘bthg&‘ Shptipato form a

met hanol . 52fouBRs@dstoal . 28. The nethod of claim 27, wherein the
ether is methyl-t-butyl ether. 29. The nmethod of claim 19, wherein
the first conbination of solvents and second conbi nati on of sol vents
each conpri sege ABhPSTRIaiRNY, WREAY e tird WiVdnt 6 (B1binatidPef sbRentyBid e Of
claim?29, wherein the nmethanol and nethyl-t-butyl ether are at a

vol umet 6pBd sakesnt efcpbisption afgolyerss are e sanpher diffedEd of clai m 19,
wherein the p-toluenesulfonic acid is provided in an anount of from
25 to 75wt %relative to the anount of Conpound 1. 32. The net hod

of cl ai Al19, Thsheethedpfickdm g9 whetrim s dirst eprnination@f sadvepisanil dhededonda f or m
of a pt I i i i 3,40 | ai m 19,
wher e n o HERRRH o ISR ST PRy comitatcl 1 BBl e e e T

met hod of claim 33, further conprising drying the slurry. 35. A

pol yror EQ of Tﬁ@]ﬁ&h@& § c?a%bi%hc%ﬁrﬁl@lfﬂlg cglhbination of solvents and the second

combination of solvents are each independently a combination of two alcoholic solvents.

23.  The method of claim 22, wherein the two alcoholic solvents are ethanol and isopropanol.

24.  The method of claim 23, wherein the ethanol and isopropanol are at a volume-to-volume

ratio of 2 to 1.

25. The method of claim 19, wherein the first combination of solvents and the second

combination of solvents each comprises an alcoholic solvent and an anti-solvent.

26. The method of claim 25, wherein the alcoholic solvent is methanol.
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>ClVH obtained according to the nethod of claim19. 36.A
pharmaceutical conposition conprising the crystalline formof claim1
and a pharnmaceutically acceptable diluent, excipient or carrier.

37. A pharmaceutical composition conprising the polynorph of any one
of clainms 2-18 and 35 and a pharnaceutically acceptable diluent,

exci pient or carrier. 38.The pharmaceutical conposition of claim 37,
wherein the polynorph is in a pure form

27.  The method of claim 25, wherein the anti-solvent is selected from a ketone, an ether and

an ester.

28.  The method of claim 27, wherein the ether is methyl-t-butyl ether.

29.  The method of claim 19, wherein the first combination of solvents and second

combination of solvents each comprises methanol and methyl-t-butyl ether.

30.  The method of claim 29, wherein the methanol and methyl-t-butyl ether are at a volume-

to-volume ratio of 1 to 1.2.

31.  The method of claim 19, wherein the p-toluenesulfonic acid is provided in an amount of

from 25 to 75 wt % relative to the amount of Compound 1.

32.  The method of claim 19, wherein the p-toluenesulfonic acid is provided in a form of a p-

toluenesulfonic acid monohydrate.

33.  The method of claim 19, wherein the fourth solution forms a slurry upon stirring.

34.  The method of claim 33, further comprising drying the slurry.

35. A polymoiph of tosylate salt of Compound 1:
NN ~u

OH 0O OH O O (1),

obtained according to the method of claim 19,

36. A pharmaceutical composition comprising the crystalline form of claim 1 and a

pharmaceutically acceptable diluent, excipient or carrier.
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37. A pharmaceutical composition comprising the polymorph of any one of claims 2-18 and

35 and a pharmaceutically acceptable diluent, excipient or carrier.

38.  The pharmaceutical composition of claim 37, wherein the polymorph is in a pure form.
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