SALTS AND POLYMORPHS OF A TETRACYCLI NE COVPOUND
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Examples include U.S. Patent Nos. 2,980,584; 2,990,331; 3,062,717; 3,165,531; 3,454,697;

3,557,280; 3,674,859; 3,957,980; 4,018,889; 4,024,272; and 4,126,680. These patents are

representative of the range of pharmaceutically active tetracycline and tetracycline analogue
compositions.

[0004] Historically, soon after their initial development and introduction, the
tetracyclines were found to be highly effective pharmacologically against rickettsiae; a
number of gram-positive and gram-negative bacteria; and the agents responsible for
lymphogranuloma venereum, inclusion conjunctivitis, and psittacosis. Hence, tetracyclines
became known as “broad spectrum” antibiotics. With the subsequent establishment of their
in vitro antimicrobial activity, effectiveness in experimental infections, and pharmacological
properties, the tetracyclines as a class rapidly became widely used for therapeutic purposes.

However, this widespread use of tetracyclines for both major and minor illnesses and
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[0007] Accordingly, identification 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, aqueous
solubulity, 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.
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[00014] For example, the invention relates to a polymorph of a tosylate salt of
Compound 1. The invention relates, in part to a form 1 polymorph of Compound 1. The
invention relates, in part to a form 2 polymorph of Compound 1. The invention relates, in
part to a form 3 polymorph of Compound 1.

[00015] For example, a form 1 polymorph of a tosylate salt of Compound 1 has X-ray
powder diffraction peaks at approximately 8.06, 13.02, and 18.83 °20 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 °20
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or carrier. For example, the salt can be an HCl salt, a tosylate salt, or a mesylate salt.

[00023] In one embodiment, the pharmaceutical compositioncompound of the
invention includes a polymorph of a salt of Compound 1 and a pharmaceutically acceptable
diluent, excipient or carrier. For example, the polymorph can be a polymorph of tosylate salt,
HCI salt, or mesylate salt of Compound 1.

[00024] In some embodiments, the pharmaceutical composition comprises a
polymorph of Compound 1, or salt thereof in a pure form.

[00025] In another embodiment, the pharmaceutical composition of the invention

includes a polymorph of the tosylate salt of Compound 1 and a pharmaceutically acceptable
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Compound 1, for example, from 25 to 50 wt%, from 30 to 40 wt%, or 33 wt % relative to the
amount of said Compound 1. For example, the p-toluenesulfonic acid is provided in a form

of p-toluenesulfonic acid monohydrate

[00033] For example, the slurry is warmed prior to the addition of p-toluenesulfonic
acid.
[00034] For example, the slurry is stirred after the addition of p-toluenesulfonic acid.

For example, the stirring is conducted at a temperature in a range from 20 to 25 °C. For
example, the stirring is conducted for 10 to 24 hours.

[00035] For example, the slurry is dried. For example, the water content of the
supernatant of said slurry is in a range from 0.2 to 1.0 mg/mL, or in a range from 0.4 to 0.8
mg/mL.
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hours or for about 22 hours. The slurry may be stirred at a temperature in a range from 15 to

45 °C or at about 20 °C. The slurry may be dried. For example, the water content of the
slurry is in a range of 1 to 10 wt%, or in a range of 2 to 6 wt%, or about 3 wt%.

[00041] In another embodiment, the invention includes a method for preparing a form
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
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of a stable salt of Compound 1. For example, the stable salt is a tosylate, an HCI, or a

mesylate salt of Compound 1.

[00048] In yet another embodiment, the invention includes a method for treating a
tetracycline responsive state in a subject, by administering to the subject an effective amount
of a polymorph of Compound 1.

[00049] In yet another embodiment, the invention includes a method for treating a
tetracycline responsive state in a subject, by administering to the subject an effective amount
of a polymorph of salt of Compound 1. For example, the polymorph can be a polymorph of a

tosylate, an HCI, or a mesylate salt of Compound 1.
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FIG. 4 provides a comparison of X-ray powder diffraction patterns at 25 °C for samples

comprising form 1 tosylate salt, form 2 tosylate salt, and form 3 tosylate salt that were dried
overnight in a vacuum;

FIG. 5 provides a variable temperature X-ray powder diffraction analysis of samples
comprising form 2 tosylate salt;

FIG. 6 provides a variable temperature X-ray powder diffraction analysis of samples
comprising form 3 tosylate salt;

FIG. 7 provides a variable temperature X-ray powder diffraction analysis of samples
comprising a slurry of a 50:50 mixture of form 1 tosylate salt and form 3 tosylate salt in IPA;
FIG. 8 provides a high resolution X-ray powder diffraction pattern of a sample comprising

form 1 tosylate salt of Compound 1;
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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.
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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 neutral 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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result n 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).

[00064] Polymorphs of a molecule can be obtained by a number of methods, as known
in the art. Such methods include, but are not limited to, melt recrystallization, melt cooling,
solvent recrystallization, desolvation, rapid evaporation, rapid cooling, slow cooling, vapor
diffusion and sublimation.

[00065] Techniques for characterizing polymorphs include, 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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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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of the crystal may be inportant in processing, for
exanpl e, one pol ynorph mght be nore likely to form
wWE 009443589 or might be difficult to filter and Re®EOSIopE@5143
of inmpurities (i.e., particle shape and size
di stribution m ght be different between pol ynorphs).
[ 00064] Pol ynorphs of a nol ecul e can be obtained by a

invehtioheE thoke ﬁ’f&tai’@cdﬁrac&ﬁzéﬂ'@/ﬁhyblealﬁ)%eﬂfeﬁ €. 2SUePtdNRloANR gy,

i ncl.u t .are not mtedto
Compfémgml& ﬁ%&%ﬁ%ﬁmt% for papacire 0§ eﬁw@rﬂosage form. Such
propefies Yt deteﬁﬁﬁlb@ﬂslngjﬁaﬁﬁq{féﬁ 5l ias Karlay Q1f§¥c%89 rlﬁfcfogébpy,
rapid cooling, slow cooling, vapor diffusion and

specRIsPPYraltarBAl. anplyee gis) hyzwmnlqw@alm, ae Heseelbedderein pryl known in
the 420! ynor phs include, but are not limted to,

differential scanning calorinetry (DSC), X-ray powder
1.1 Syits of Gempovindilr y ( XRPD), singl e cryst al X-ray

iffra | L onal .spect.rosco . 0., - R.and
[oooga]rmn g%goc gs(rg)\é%tb%ly ’%regé t 1t fryen ontpr S cwgfa\ﬁg}eggfgns oorgp?lgglﬂar
pharniacautisadlypyceptabiersaltaf Cé}inqmﬁmd) h. Thie as;feaaqﬁ yhe(itokehdion provides

ron tallo itati anal ysi s,
cryStﬁg ﬁ Og'l RO ‘% Et‘%ﬁé%sal %Qu%fi/ga anal ysi s,
sol ubility studi es andydi ssol uti~gqa” studi es. [00066]
The term "solvate", as used héiel nofefers to a
crystal formof, a sub gont ai ns sol vent.
The term "hy ) tHyvhereln t he
solvent is water. [000 ] ssdlvated solvate is a
crystal form of a subsPan&e whi cR®R cah on(y be nade by

ASIRYS SRR 1DAS)- 591 B&@(ggm%dé}gg?nﬁof%[gﬁ-r ARSI R, -

holis for nt ere
ﬁd@dﬂy@ﬁaﬂemhﬁrwiwlmlsﬁom 54441%0%,6,11[120068hydsteusee-2-
herein, the term "pure" caTB3Ls; 12 about 90-100%
preferably 95- 100% not e pr e'fder ably 98-100% (wt/w.)
[00085] 99- ]E)E@%sz(ltl%f/thvt in)/erpnbn eamlo:erfpmimrfd;m £ pgparhid@sofidoaipound 1.

Comﬁgo 1t (ﬁgr@ g%rglﬁﬁss ; a-n %taﬁcciré/ ng Ito:%% teh}%% ?@Egrlélrtlt tg %’o‘é’é of

skill hrmhg fftt hﬁ;i‘efeiged &ﬁ’@oduﬁer@s, ,Coﬂﬁ)@ﬁliiiﬁﬁis ipedpaied gﬁ%@dlﬁg to the methods
ucts ners, SsoO Vents and/ or

desofiiat g frbtgff RRIISIES™ [ 56070] UAs Glisthnde 203156876 AL

the cERBME UNhicH are hbRBY ﬁlcox\pth%&% bYireRichéLigMheieatp. s Of
degr adat i on products are not observed under ‘const ant

[000&ndi t i AfeEnagivelp, frerapaupd 1ieprybr prengsesiis igolatfng searticular salt of
Comb@tﬁﬁelréﬁﬁl%ﬁ\%rtﬂig%ti&{ a $a@? Qnf %Sﬁ’ﬁ’cﬁr to@hdutrAtofth ﬂyz{atrtnerg with

weeks. A conpound 1s not considered to be sta
an appaeprigterpageo igr exasplatdompdurt hepntheprepareg by isolatisg tspear

hydr&h1éHYe 3518 5¢ 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 prepared 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 diHCl 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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percentage of existing inpurities begins to grow. The

anount of degradation growh as a function of tine is
WO ponsxEm in determ ning conpound stability. PODOSDPI/N45143

Al'l ranges set forth herein are intended to enconpass

t he i ndi cated endpoints of the range as well as al

i ncl uded val ues and ranges, including those not
threesf6itthd at@adld. yin s@itrabtoth IHCIAER 62 orhP&unfr 668 Riable Ty €A nbAfs at

LS directed to crystalline forns, salt fornms and
40 éﬁpaﬁﬁﬁﬁﬁ§eﬁFa@BWﬁ&Hﬂ&“ﬁmEé%%ﬁ35|tions conprising the
[00099)y St al Ad Bwh@h B8tail $H3hd Scadtiptbs BOIoWTE RAIFlaRt AR BE @5mb6hnd 1,

combi nation with other active ingredients; methods of
and plperphnigereph displpx desirabla gropeiics s and pol yror phs; and
12#3NHM}W&dﬁb&ay%m&1pse in the nodul ation of tetracycllne
ound receptive states. Wile not intending to be
[0005@]u nd b@heam%elpian\tqnnm also l@rhwd%deJ)meIp@'Qﬂ(]omoumd]b In certain

[ i bil
erb G REAR T horphYor FOMPGER TR robllrt e Rl ofiesatad 1o
Comamehdplol ynor phs are beneficial for nanufacturlng
r mul n avai | b|||t he tetracycli.ne
10008 £ moripe! PR3 OB/ BB b TR OB RIS o
Combhlﬁldi IN\SMib mmpamﬁi 1 &R dissalteddnd thdharatdlIelet F@eh BY solvent
i cal opertles stabilit solubility
mlxtﬁvga Jomyto ield {he @eRmomhesfopmt %ty‘fh%\w%ﬁm I Rericyar
emb&idn@rht@ @f thél ﬁﬂveﬁthﬁr A18Yhte SalHO @ISRl Mean 5 BEsBIve@nd then
ynor phs of theinvention are those that are

crysté}#la?(h%@@ thezelycpymixtiyes desaribpd blew tq ¥eld certagn polymyhig forms of
the mm&pllﬁgyme &ﬁ%mﬁgftlélgf bé fertd g farul &Sccmwu}l@?km

manufacture of a s osage form uch properties
dissadved abé thio keird iy avded tosomya tney@ualhmq sadsofSiontpoasd X- r ay

[OOOgir}f fr acﬂ’xlo%]e ﬁgd%xgrﬁ Ctﬂ@%‘rese{nﬁn%@n%%% g?o%‘fc? ‘palt her of 13 tosylate

al ysi's and - ygrostopr ¢
salt df€logipouschtd known in the art. 1.1 Salts of Cbnpound 1

0074 e a present . nt| 0
10008 of it RS PRERGR bt TR EP FihvidRcem [ BalPpgion of he
tosylate Gﬁpbﬂ%rﬁpcﬁlﬁﬂ 1 shavfngGaXpRY Howder d'ﬁfﬁﬂasmﬁlﬁﬁ&&h stohildr ttﬁthat of
FIG. gn etc %%ngségggﬁﬁédlga%ﬁ Al ne fslolown in Tabll_t!:clI Forlrr%;’g/rllp € a
parti&ida?, f8AS1 &Bmlaﬁaﬁ%)fﬂfhﬂveﬁh&{ ﬁ’ds '}P-I"ag' ¥ ﬂ't@fﬁ’a@tﬁcﬂr(cf%it&nqieﬁl&tat

t et rahydr oxy-

q%¥£ g ) am no] net hyl| 3,

5.60 diPdxld-41, 43.9,18, 5§Al 3 24. 51@7&1 He3R9 usine Spﬂﬁt@d@nw For
exanfp®, Q%ﬁgﬁlgxeform 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 Ka 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 °20. 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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[00075] Each salt of the invention can be nade froma
preparati on of Conmpound 1. Conpound 1 can be

W@ ywhespzed or obtai ned according to any net hBdI/US2009/045143
apparent to those of skill

enbodi nents, Conpound 1 is prepared according to the

met hods descri bed i n detail
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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 °26 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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m xtures descri bed below to yield the pol ynorphic

forns of the invention.
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Compound 1 has an X-ray powder diffraction pattern
simlar to that of FIG 10, the characteristics of the
wa@ledobnessod on pattern all shown in Table 3. ForPERHESDF()45143

a particular form 3 pol ynorph 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 2Qusi ng Cu Ka

[000853di at ifaRet Anbiheeehdiain@ent, ah@@egehﬂubamoﬁ BFoid3s RR)8BEr ph
of the _invention has major X-ray powder diffractian

Compatinddy dn fathrserafodimenys, the fomn 3 p Y@@rphff thegosyiate s 960

Comp&ndfQas 8 ROBY Bowder RETrhdtfoH paferh %{laa;%toﬁgétwprcp Roohe t he
Invention has major X-ray powder diffraction pattern

chargstegigtics of ths diffractigaepattgnel swn nglgble 33[Hop og@jpleragarticular form

I
s ol BSOSl nETROI ke GIAELG) HEHR Y31 9 1030
11.76i1380, .83 and ldép i°20 &iﬁg@mﬁapaﬂnﬂmn (Flof Exanple, @pmlmm 3

of stal | e SOI.I of th ate al t qf
poly%wg 8‘5 iven gij pegis ag 3l é &9,

10.34,0l [76 wed 1550 tec @Hp@@hipleomparh&m%ﬂm Qbal\yhﬁﬁihfdf(fhe\&ﬁ%hhon has
. sarption q}%\gs performed on ConPound 1 or its tosylate

majog gy DRYIS ATAOR PAYSTR 8A AL >-| HEK S0 202, & ol ecul o
of water per nolecul e of fGgpound 1. XRPD was
performed to coppare the starting material (F00289)
wi t h An8le GEK{RAY af etpeddresrqm |  Intepsdy (FREAS)| nHIAEYEY) no
change |r51form 2. Sy/rwhesus of G,a)szrpound 1 [43Q088]
9 darir 11 T I i’i’inu I'TT1TIT u;ll U L,III UI dC ,QGO (i y 1
eq() lggn{i ; i et Evfacmzldpﬁv‘iz (45 , Zf'%pq )
werd cont¥ted i h 40 &PSflasks andstirre 24.2
Tri et hyl ammene (150 ntz533 eq]) was4okhen addedzz.7After

Stlrllllg{ £ |UU||LC||B§6aLU| —f-or—several iy L4CD,

NaBH(QAC 175 hg, 2 eq.) and In (9 nmg, 01 eql)
was |addet81Af t ef onefbur, {he reXétion has él ear |and
red.| Liquia chr pmat ogbaphy showed7s S ng e prooduct for

t he reactign e regeiionwas qugpched—wthmethanol ,
the [solvent was{renmoved, ang the product! was purified

usi ig col'Bn chf omat 8% aphy| PurilPi*cation [ 06889]
COﬂ'FOUﬂdl&BSV\IaS pur | T ked by ¢hr oma3egr aphy by4616nj egting

an cqucu%bml ow pH bU|4t7|4i on—of t||c9 Lyonpou vl 4 l3U af
HPLC.in_a nnl arlorganic solyent nradl ent| an

comii ni n§®Phe pfoductStractions, Yhch that tA:
conpound2onas pufifiedal Sel ecti on @b suit@abl esvaci dijc

o

"

20.36 436 913 512
20.65 430 940 52.7
21.65 4.10 681 38.2
22.59 3.94 923 51.8
23.25 3.83 1206 67.7
2371 3.75 872 48.9
24.94 3.57 718 40.3
2543 3.50 551 30.9
26.12 3.41 745 41.8
26.64 3.35 709 39.8
27.15 3.28 689 38.7
27.55 3.24 754 423
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nobi | e phases enhanced process stability and

selectivity. Organic and m neral acid nobile phases
wowree/1efsdect i ve at separating by-products i nclRdi/ng009/045143

epimer inpurities and cl osel yel uting by products

t hrough pH control or choice of acid. Acidic nobile

phases al so protected agai nst oxidative degradation of
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[000%28 not et(eprzametind)-wingsyrlive diydrephlaridedgehmgs! prek MR AR

tnméﬂ@lﬁb'é{aﬂﬁhyd%q% he 1%&2%&&0% RA ¥y, ﬂa@lEEDaYﬁ stirred.
| dt e-el uti ng hydrophobic inpurities such as 4-carbonyl

Trietylapinsd L2 I$L érﬂq )dfah dhrenaddadatffice sitang alderm seniperaue fier several

[ 0
mini) HpSrASAGOLTS B8 el SORChIE wA0R T s kI T 08 peur,
the rtautlwewasr dbar pi] red. @1qu1<h@mcunat<7gr5phycsha\b@m sifiglsproding ftthe
reactﬂgn)éﬁg cl>r’]|n2vtl&j s(rjqau? ? wtltI gnﬁeltﬁva\%% n%hﬁ golvent% Has 5¢movtc${ agg the
mndmﬂNmpph@ﬁabﬁg@mbﬁmﬁnmuﬂmm%;am@h as net hyl ene chl ori de.
p .ﬁt.should be noted that selective pH adjustnent to
url al pH ranges also allowed the conpound to be

[0008%t I act@dnponh® 1 taS p@ifsdiyGhfoRlav@idphWB lirfedtial ah BqueBus low pH

undesi red b- epi ner_and, by ?roducts i n the_ aqueous
solutigp S dhe qopmeend nforpndidi | ind‘rPo 34 QrgaBicisoly ALt Sradisnt apd porpRining

the pRéEiBdrdcBold) ich WHe He T omPoUHAIvAR Dulified WIRLHAIST sHRSHIE AdRd

herein. The anti oxidants may be provi ded to prevent

mobysphassi opbangedpraerss stailitrand ﬁ@e%ﬁboamagw apgh pinsxal @eid meobile

hasSH6 8 BfcANERI HylgrbucRlindhditd LihESinfpa QGmnk SRGkty-
pas . Ngth%ds ofe 6%# v g Po ;ﬁnr% WéhForﬁ% of Cbnpoun%
elutnlg 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 suifonic 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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[ 00095] The invention also pertains to nmethods of
preparing pol ynorphic forns of crystalline Conpound 1.

WO 0®9983509 n one enbodi ment, form 1 of the tosyPEE/ESHNA9/045143
of Conpound 1 can be nmade by any nmethod of making form
1 apparent to those of skill in the art based upon the
teachings herein. In certain enbodinents, form1l can

polabégéri¢ sotebnt (@M CRIAH) AThObg@fic thers RS ARk Stk a&l&ous
salt of Co nd .1 in isopropanol, acetone, ethyl

layets wefe gogbi ‘?Fg]t%ﬂ;Fetﬁ%‘?ﬁ]t anone, toluene or acetonitrile

[0005®] Ut i OshobRIBE nbtcdidhat MR PRleftsG6h f B8hylene chioride, can
recrystallization of the anor phous tosyl ate salt

be used i palestivell ramayg despalibng hydambobic dmpuritics sudbes disedbomd dy
prodBdts in@&ﬁér\ékfagt&éh%gﬁﬁfrg?ﬁ&ﬁ tlllenacﬁﬂc &%@6&%@%&% oftgé ¥Stiound.

or conbi nati1 on of ents suc or —an
[00093]c ohol Therpdl efrtheaenmibined| aguenus Sayels nay thenldetadiusted &t teatral pH,

e G085 8519 B B s b

NaOBol|The mbutﬂiy sdletioni Wasvﬂmmbashdsmmth 4 h@spamtbrianiesobase swth as

nd, 1 whil e the stable crystalljne

mettGTTE SfPrges 1RGSR e AP L b Lo B e th SRR pHaehees also
alloviddhié %ngﬂﬁncb@ HeQkiFRAADtoRhES LR améanwhﬁ@ﬁté;}ﬁn%undemed B-

sel ecte [00098] I n another enbodi nent, form?2 of th
epimepad| bytpsodygisin B aqurepopide- 1 can be made by any net hod

maki rt

[000 Aglse q ulg %crll&?ﬁet fii &Eﬁ&%{:}s% AR, b'éla&?e% tg El}ef‘dgilénous Egiutﬁcglg of
compopdedavertited hereior fih2 actanmr}@lts‘ wayvecprbvided tomtevesntt dxidatiod

. sal f '
LT NI T o a—

usedof the tosylate salt of Conpound 1 can be made by any
met hod of making form 3 apparent to those of skill in
the art based upon the teachings herein hi certain

3. emﬂedioaentnrepﬁﬂngyalyﬁﬁapmeFbﬂwepbémpmm uration of

phous tosyl ate salt of nmpound 1 in net hyI
[Oﬂogﬂhw m%%%ﬂﬂ%{ fﬁ%yﬂ pegfaig i metded Sﬁpwmmm@c tqres of
cryst&lhﬁ&(!oﬁb&ihdhe obtained frommaturation of form1l in

pent anone. [OOOlOO% In a further enbodi nent,
[ooogq;e po|19 D% FRPQdimeterpd of teyesxlate sehi of Compamepsan e made by

any rgaﬁ&f 6@@&1@%% 1 @Bﬁ/ar&ﬁ t%@&%@ﬁllwg{g%\%qg% ggxggxle teachmgs

i ncl ude steps of |n|ng Compoun vent
hereipg hp@%@m@@lbadmﬁam §¢>m1dn?dn elftirmgd fromahanendaudfityvingorphous

tosyl&te gy oﬁ 91]!(1 11 'Afgl’éo a'fn@p% cfh%,la %{ﬁ;ﬂ%&@{ nt?e%}é)g?)lg%a&o%e, toluene

create t ven € us
or acelhitrile seinticn. iFooh Uden alse bhdlitaivedsibén eevtysiallization afithe amorphous

tosylate 2 U scft?rnn&) In isOopr Xpangll tF%rme 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 slurry 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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conmbi nation of solvent may be used to create the
solution fromwhich the salt crystallizes. Sol vent
W@ obilessb9 ons that may be used in enbodi nents PEYUSZHEY/045143
but are not limted to, nmethanol and nethyl- -butyl
et her or ethanol and isopropanol. [000102] For
exanple, a slurry of Conpound 1 in a solvent or a

teach‘lﬁg@lildﬂﬁﬁ | Bltefthin $AIbY&ERefts MY DRaPbORHE&TF&h ndituration of the
&nperature fromabout 0 C to about 60 OC, such as

1§ Bde serf§emnguad bin dighorgmethage. f r om about 20 0C
[00699{ abougy, a%éth%mb%ﬁirﬁént 'me& § oPhEHGEL s aﬁ G?cahwlﬁl}{ 1758 be

ionally be warned mai nt al ne
madg By peyY @P@p«éom@ﬂmﬁmﬁ apaar@r@ te thosgafiskillgo ﬂ@@rt tmsiupas the

teac{nﬁ%gﬂeg%? %1 Cgaltgﬁ%lgg H‘l%Htrs fggn 9@311 ?er fgﬁggcﬁﬁorﬁ ?na%aﬁon of the

urry IS Crea
amopphpud toeyias sdltquﬂompaundjl mayethy etgytileelonen cthyl aaamisof methyl .
uffigien t ol uenesu onlc acid. salt o
pentZith: B oty BIRERER oot e tERRR L orR 1 i Rk Pehee.
[oooaoa)]d :)/ Sh?rﬁlmhdigﬂlbt)tﬂlnﬁﬁt &mpuo abgytnofmmso %@&%tﬁ%ﬁ&tg g&éﬁ{f@ggnpound
(0] apo
1 defcgbv‘via%‘iﬁve EPGY o B?eﬁimﬂth@s mﬂué? stEps,af combining Compound 1

withanse ekt t6 brodadanosmingy, ind ddEndp-follcHaRASML hani ¢ acid may

be added in_the formof a p-toluenesul fonic acid

[00048Ho hy ahmy BiitabloselYert mapde }‘Fﬁﬁ‘r% Ricate fhrshgTyo fSolweats that may be
usedﬁﬁ%ﬁﬁb@&ﬁe&@kﬂchﬁg E&Y@ﬁ%@l@e&s GAdh 28 o&t | gigdiog}ﬂ&gultable 41

sol uti on net hod For exan'p e a So
combiggtioneot gelyens oo batsed to ewpferﬂm sotugion from wlcluthe @alt)@ysttdhzes

SOIV%EJCQ‘,PBIbﬁlgU%g that %9 8@ ﬁsefdr %Ex&; gl&ﬁg e,tb%t Q %gtt llréf?edQO,

rom about
nwﬂpn@dmda@ﬂwih@mﬂﬁmmmmnmmnyamh&mmanby be marned and/ or

t ai ed at ure m ab 0C.to abo t
[0002@2 ]?3 sbnu Y 1? 0l r?ﬁl bt 53% mﬁftp?loa Sgg Y6t Orgd:oﬁ‘émag ot
solvalxouty Bbpro@iced Mﬁﬁéraﬂ&@orﬁ b‘ﬁbufts) 0 Pﬂg% Qdc?ut 60 aT,8adhed from
oR-1al ue | f nlc aci.d e, adc Ln_an anount
eboud 155 ot pr Bfnab it gD B s B Ko bericr aregara e
slurrSDﬁi’ﬁp @pfishally bbivaIeNBOE aRinedlah £ tehpeRtite RERULHRNISCC 1o
I's provided in an anount from about 25 to about

abouy§) b et FSIFATR RO 28T torbaBod Coer vy 45 Com about 35
[0001 €3]2bOUbnA Thediffey 1@ rcreﬁQQ Uhe 6%1&%@&1@111% FM@nzIyooe anged in an

anmount of Conpound The p-tol uenesul foni ¢ acl
amowy syffigient tp groduec 4 mth@ps%fopwta@rl gelhef&Conpoung 1abi ehe

embmeﬁf}’lﬂé gtt@luer%%%%@cgi 1t5] R&Qﬁieﬁ ﬂp&m{ fr%rfl Qtfacgﬂé }5 to %u’c 75

used to see e solution
wt%sﬁnm abcbué 25 5l apentt SOmsit)o, fomuabout 3(btofabwn40 ne%, or about 33 wt%

relatie ttoo1!h«k3I GRGRH Ioff GQ}nﬁo&%i lq THe lpl-'{gfugﬁ]ésulfonjc acid may be added in the form

of a p-toluenesulfonic acid monohydrate.

[000104] 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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Sui tabl e solvents include al coholic solvents, such as

i sopropanol or solvent conbinations such as net hanol
waeaomexshy| -r-butyl ether. In a preferred enmboRCTERL009/045143

the vol./vol. ratio of methanol to nethyl-t-butyl

ether is 1:1.2. Suitable solvents include a

conbi nation of two or nore al coholic solvents, such as

cmb&hﬁ’l@xlitbihe ﬂttblﬂ&e@ﬁlfc%lmmls pARelel $OR ARAMPHom aBod 25 to about 75
pr ef erred enbodi ne ment, the vol./vol. ratio of ethanol

WiYoy %°m§B?}F d th%houy 0w%, fromyaboyt 33 oabayt 4876 % Phahensd0 vife
relatie ttcp!hH aR8sH|of eBinpodid d ’ﬁﬁlﬂ%lu@ﬁkshmy&@é mﬁyﬁ 1 ?(Iﬂfgﬁ in '[#16 form

sol vent used to create the slurry or the so

f a pinpragsidionic apidooaOlydraes er addi ti on of
oty P YISRLBSEL T et SRR B,

adde@o App swithblessofventrrpay; be‘liise;d tocforn the pﬁb]amtesuiforﬁdm;d solution.

Suitai)ﬁelo ) v%fallttg %Pci glalct]og?el Vﬁ]&i%,ts?@-}/ gggqp?c? Sﬂdclt ed S(i!lﬁ%lt comblnatlons
suchp.ﬁ alethanssid ﬁremycz-mylohtheTym Ctkfeyted érhﬁodm&?! thé oagea: rafb of
t slurr er.nat a range from abou
et 1§ e bu ey nl-2 "Bliahleselemis ehBoacopbuate of tvo or
mor@dl&&lhbh@s&vdﬁ&/ §lch a€a Gomblﬁfﬂ%tof Bth&n T dTsepraR@bt IQ a%ﬂeferred
etc. [ 000108] Fol l owi ng the addition of
mb%ugm@rtu@ﬁ xelivelomtie 05@11@01 forieopsqpanelys Bt rarticylan embedimgyts,
I
the pbcgluﬁﬁégﬁlgcgﬁc %cgc% gﬂ&ﬂﬂgﬁﬁcrlr\gdreg ’t'}%é%gx‘%ue Is%{;eﬁ% Eéeg 18 %'gaﬂ?iﬂe sidrBbr the
solutgom of Gopgoirgd L.y pi cal | y conducted for a period of from

[OOO% ut gﬁﬁ«ﬂ a&&ﬁ&ﬁ of%)G #és?bfoxﬁy g&d & % ﬁmﬁrg‘f%?eg{olvjé% %olurry of

'O

ours or our's.
the fm;zyl p@lymomhwf tledosylatem;t of Comeowatdlis ﬁmﬂeﬂ t izl mtémntent of the

t he cr I Li exa t he

supeli ARG BpEmEy ¥ heteredlS a Shhlelinad SRRy St s
toluehesuﬁbmu tcib OT@meﬂlypﬂne asitek g@mm (6Y3/1:13 éﬂlﬁ’y oomiﬂol]bﬁ%? bém Dienge

fro out to. a 50 1 ter
fromapgu ] o B ek (B M RRED R SETLAPP LA CihPYL e 2. sbout
061ﬁg/llnLemdt(b§)4ﬁlg,rjﬁ;y@tct he supernatant, and the crystals

may be washed with any suitable soI vent. In

[OOOL_‘Q%O

di feHpwingithgadditioniof the priglperssulipnityacid, direslurey grdlag solution
may bé §Bfed 1GPpRILRE: &%téﬁ?&t sIIFRY St%ﬁnﬁé%a@&! ébﬁﬁﬁct&ﬂ*of ABleRndAs

the preparation of the crystalline slurry.
hours, JHeWwevgr, gtrring hsetYBléﬂﬂb’e‘Wﬂdllfé@cfot opsrindlof fiom abm;tﬁ talboutg¢

hourd Suds 8 (RATboIC10H6 BbolBhs RO BRUButiRAMbukO fOr M Lhe

or i gl na urry or solution, or t oluenesulfonlc
[000Q49] d S cﬂtmmmgtmay he0@Dducted] at msetempytstuad s;utpbla G pesiuniny the

crystglﬂgg slglgy.dféreegm%&e,rtﬁggﬁ/r?y ren)a(l)g & Stirte a¥ eﬂempe%ture ¥rom 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.
[000110] After crystal formation, the crystalline slurry may be filtered to remove the
supernatant, and the crystals may be washed with any suitable solvent. In embodiments, the
crystals may be washed one to four times, and the solvent may be any solvent suitable for the
preparation of the crystalline slurry. In particular, the solvent used to wash the crystals may
be the same solvent or solvents used to form the original slurry or solution, or the p-
toluenesulfonic acid solution.

[000111] The crystals produced may then be dried to remove excess solvent by any

suitable method. For example, drying may be accomplished by one or more methods
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suitabl e nmet hod. For exanple, drying may be
acconpl i shed by one or nore nethodsincl udi ng but not

WO R0vot143309 0 el evated tenperatures in a range fPORMUSIHOUO45143
0 0OC to about 60 C, such as from about 15 OC to about
450C; blow ng dry nitrogen over the crystals; and
bl owi ng hum di fied nitrogen over the crystals. [0001

mc1uuaﬂg bibhaiNiatite@ o Sbviiidasmp&sitarel &l £ AhFREoth AboMIDCR tdabout 60 °C,
npl e of the tosyl ate salt, of Conpound 1 was slurried

suchi? i2 frafnf%bewelét Cdapba ¢2°C: plaviing dry nitegegn pyes theerystaly; japd hlgwing
hmnﬁli@dm%keﬁxve’ﬁﬂ?&rgm ee pol ymorphic forms of the

tosyl ate salt of ound 1 were observed. FIG 2
(000D ct é\’lﬁtn@hmﬁtmgwene iparfermed fre which e istmpe efithe tosalate salt of

Com%ggﬂ%%as’ slilﬁémnjdlffé}%lsglﬁ{gntsc‘ Zﬁltrered]c a%d%ezwétg@ﬁ @'g%ean‘?l@zéd by

orm3 ate sa anbr phous formo
XRPDo rﬁimnmlmorﬁlﬁ@ Gormg 87 thE&tsb'bteAlsalt pﬁCempMdsio’I/are obssrved.eHIG. 2

[ooo:i j‘r yst

.f.o at |
depiqfhe SRRPHY

) ga

fhesicy'y

on

508

r IJt .nment
fripp e
tosyl@ie splq doth 1tdA@13terselt fad thedmiofpheas fobd D SZOin‘p&ﬁIdSI Only
at i tgln in 2-
ly £ 8 sosontey

FI G 3 conpares XRPD speqta[,ﬁ,pf

anol

Sg(?

[ SO

% Praturafo

ro

%Hﬁ&%ﬁé%gi%&%gﬂ foé?'l]atgfsalt, form 2

al cohol ,

B EnttF Tabl e 5.

ref erence Conpound 1

(E00285) and_—_t he recryst allized for 1 tosylate sal t
from | PA. TEBPECNo-IsBEM 15] A sunmarfiP™®f the

pol ynor phi $m t he to&yzt ate salt of Commund L is
present ed imSghemg i —Scheme—1 ""'U'A’rﬂé{ﬁh&ks 6001 16]
After rechLst_aJ.J_l_zzLégqn sanples of form1 |form 2,
and form 3|tosyl at & t were dried W%?nlgwt in a
vacuum and| anakyze@-doopan¥RPD, as showm:n FI G 4. There
was no chamge 5 TRt Rl VI MO HGH9T 1] Variable
t enperat ur e s perfornmed on faorm?2 and form 3
tosyl ate salt Bf Btind 1. See FI G°Bland| FI G 6,
respecti vel y. Fooo_bmsl]aceﬁlree relative ®imbilifies of the
pol ynmor phi ¢—fognms G fompound—I—wer tAlHdllﬂlio‘)éL.,d. For
exanple, form1l tosylate salt was suyblected{to a
mat ur at i on| exp@r i nE° 8¢ 24 hours iffYBIt hef | PA or
nmet hyl pentanoite, geeded with eitherfdorm 2| or form 3
tosyl ate saft=y7DorT |cﬁkglmloﬁé®ngxpe1 TTTE o » TETE Was no
change of orm-1-in orm 3 A slurryiof a 50:50
mxture of [form 1 4 '8‘°1P6‘?m3 wer e arf?ﬂlw&‘ﬁ n | PA for
18 hours at 0 BC, 2BMEC, 40 C, and |Amorphous

14 isopropyl acetate Form 2

15 NMP dissolved

16 4-methyl-2-pentanone Form 3

17 THF Gum

18 10% EtOAc / cyclohexane Amorphous

19 10% water EtOH Amorphous

20 10% water/THF Amorphous

21 10% water/ACN Amorphous

22 10% water/2-propanol [Amorphous

23 10% water/acetone Amorphous

24 10% water/dioxane  Amorphous
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60 0C, as shown in FIG 7. There was no change of form
1into form3. [0001 19] Recrystallization experinents
w0 poasrsed that form 1l tosylate salt can be ober@i/n809/045143
reproduci bly fromthe anorphous tosylate salt by
slurrying in IPA. Form1 of Conmpound 1 can al so be
obt ai ned reproduci bly by the addition of tosic acid. A
[ooohl 8 ?@tall&ﬂtlmegﬁﬁﬁpmus fftdMallofl ContRRhE | 9ds p&Hormed in
an

the characteristic of the diffraction
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= IS ELES AP
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andicor gani®, Boks shklahom REbLED _ _
present—iaventton—These cah-be lpreparedin-situ
during the final isolation and purification of the
[000 SHTPOUNK Suritharl, be tHe sm e t&fY/Iaﬁaedaﬁ bAEEIYoUrn@AGE bReGented
a purified conpoun of the invention in its free base
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at0on |dmdiubiot

D122] ARHISEL ASpheHOVE;

nresent-conpounds-—can

p%lu%lﬁch AROPAR o or
Bhseuid [Fororhong
[11%01‘(1%15 I Amorphous
ds Tha te
W&’B‘d‘ﬁl zed in

I{lsglubki
Selobie t Qxdn®mhever gani c
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e with the other
Adekpbbwer i ous to
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3 gr ol

200apy
@(,sai

b?‘og“sé
L 100el v
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taltc
S+

in Schefpenlivi t h a suitabl e organic or i norgani ¢ acid, and
isolating the salt thus g F] . Representative salts
i ncl ude the hydrobrom de ydrochl ori de, sulfate,

bi sul fate, phosphat e, Amorplades acet at e,

Isopropyl alcohol,
Acetone, Ethyl Acetate,
Methyl pentanone,

toluene, acetonitrile

Dichloromethane

Form 1
Form 2

Methyl
pentanone
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val erate, oleate, palmtate, stearate, |aurate,

benzoate, |actate, phosphate, tosylate, citrate,
woradoeasxsy9 f umar at e, succi nate, tartrate, napt hRCEUS2009/045143

nmesyl ate, gl ucoheptonate, |actobionate, and

| auryl sul phonat e sal ts, and the |ike. (See, e.g.,

Berge et al. (1977) "Pharmaceutical Salts", J. Farm

[oooSfé] 66A fler ¥ rystdIRRANdR Ihmples BB 1 CBERS, anﬁffemwm@ﬁutqut
t he resent |nvent|on may contaln one Or

Wereaiaee szewheflladﬁe}%mﬁﬁ YERIDPY XIRRIS as é?‘é”rbléﬁéﬁl‘t{a Bhere was no

chanb @ ToRE a3 eutically acceptable salts with
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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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and/or purified by the nethods of the invention, and

phar maceutically acceptable salts thereof.[000126] The
W@ Rkagesdphar maceuti cal ly acceptabl e carrier” PGI/US2009/045143

recognized in the art and includes a pharmaceutically

acceptable material, conposition or vehicle, suitable

for adm ni stering conpounds of the present invention
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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 salts

thereof.
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tetraacetic acid (EDTA), sorbitol, tartaric acid,
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[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 conveniently 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 carrier 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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talc, 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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contain opaci fying agents and may be of a conposition

that they release the active ingredient(s) only, or
woe@wbaexsmtially, in a certain portion of the PCT/US2009/045143
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cottonseed, groundnut, comn, 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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formul ati ons contai ning such carriers as are known in
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pharmgedtitablyiancpebeatrieg ahd wixth ehy presercoings) bwifersiar pepsellbite which
nm,ﬁé'”uﬁ&Pe rate of such flux can be controlled by
Y 8F t5HEY providing a rate controlling nenbrane or
[000tH1§per SThe@irtients phastve creamp amdngtld hayacoptiiny iFiddithhréd Xn sdtive
el . 0Q144]. Opht.hal m ¢ fornmul ati ons, oi nt ment s,
comihiniiaf G5 18HTHipT BAPEHE oAb af ekeEl S et e
paraffinis, BRirdH) trigcitith) ctiMBose@eARatREs, bblysthilBNEEl)dol) siliOsHeE, beitonites,
... Pharmaceuti cal conpositions of this invention suitable
silicig geid, falc apd gipg pxidenpr AEtea At conpri se one or nore

[000$ATPOUNESdefs ahdl §prhyR\aR borfiln iR aGiHitt BalbRAPoMddT 1RvMtion,
_nofe pharmaceutically acceptable sterile isotonic
excigiepie g avlactas i aibicis agig) alumiphe hydioxjsier apicinmg silicates and
_ . . tor | ch may
pmy%e ?E{;:Rgérl]ég’trbi}tnﬁ%ed i Etﬁig st te)srtlgifcgéisﬁjj!’d@)gt%%l i e g’(q)1 lllftl (IJlrﬁagh or
custagasy propélints, sugh as ghiorofluarohydsesarbehs anld vietayileomstbstimted

hydr%ﬂo%(,l sg&xnz}s%’utane and propane.
[000143] Transdermal patches have the added advantage of providing controlled

delivery of a compound of the present invention to the body. Such dosage forms can be
made by dissolving or dispersing the compound in the proper medium. Absorption enhancers
can also be used to increase the flux of the compound across the skin. The rate of such flux
can be controlled by either providing a rate controlling membrane or dispersing the active
compound in a polymer matrix or gel.

[000144] Ophthalmic formulations, eye ointments, powders, solutions and the like, are

also contemplated as being within the scope of this invention.
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buffers, bacteriostats, solutes which render the
formulation isotonic with the bl ood of the intended
WO 2@9p#3dm or suspending or thickening agents.P¢D0O8D4B)45143
Exanpl es of suitable aqueous and nonaqueous carriers
whi ch may be enpl oyed in the pharnmaceuti cal
conpositions of the invention include water, ethanol,
[000P£]Y Ol SPHaShkeButRS] GInpoSitihs ofRKiO RYERIE stitdbtOfor parenteral
pol'yet hyl ene glycol, and the like), and suitable
admigsirplignecompriss ensfor nnsgyeqnapsuadsaifithe ineqndipn giscogibinatiopwith one or
a ] o e.
o P L Coquatf ey Bondh DS PAUER® e
disprsiensp uspergionsigr svatlepisapssterdepdwdess Wigch miay he reggnstifvged into

s BEDGRLof A M0 038 L BRLES 15086,
buffdr) ®Adt&ridstatd) sxietec whiph séntlercths formaylatdrsivotomin wathrthealsl pet/afiths

. uch as preservatives, .wetting agents, enulsifying
intende tee iegh or Siineding P EIckRE S, avent | on of the act i on
[000046]M C rm&ng_&g oB ﬁtﬁtal_ﬂl&?ﬁq@g@ﬁﬁl&_fo?ﬁhubmllstcbﬁieirmlhibﬂ?inﬁﬁb@f

var)] ous nti1 bacterial and antl ungal age ts, or
emplaye it Ph3aRaREH CRIRGF BBt oL ieR nveshieh Brlige WBieE eHapel; polyols
(sucRRb1y ko1 frisRienk ol yEBY Ré‘l'y&ﬁyl@@e el 28R HR 1), bRFduitde mixtures

i sotoni c agents, such_as sugars, sodiumchloride, and
therepf vegqtabde 9ify Hich prolivsrpploand inispigble prganig ptersotiich s d plpats-

Propg{;l‘*ﬁgﬁiw daAbe ﬂ‘km{tﬁﬁ d, mr%ﬁ&ﬁ’ﬁk,%yﬁﬁ@ﬁsg%? @&ﬁiﬁhg ﬂate&'ﬁ{s{?}\#@@%

_ rought about by the inclusion of agents ‘
lecithja) ythaivgmtepricgof theaenuarsd pirtiale saenmtbecast e bdispessiensdand by the
' [000148] In sone cases, in order to prolong
use%qﬁléﬁec# tesf:t of a drug, it is desirable to slow the
[000&454 or ptThese @inpokié ok gy dlsccronminbaijitvants surd as preservatives, wetting

ntramdscul ar. injection. This_may be conpl i shed by
e R T e R e R
micrédrpiridhas iR ayTid edkirad binehe imQuspmait vmﬁdue mgmlcmhhll antl yintiflhel
rae of absorption of th rug then depends_upon its
agenfsa{% v ‘?@%@B‘H’t’ F@ﬂ“‘&ﬁi‘”&‘ﬁzp © Oqtsa‘ibfﬁ acfﬁag"‘g‘g%ﬁ% Jypay also be
desir@bl¥ & Rtiudd #6100 de&irtsy Sichlab kitars, &dm ibedd)ald Helile into the
del ayed absorption of a parenterally-adm nistered drug

compasitionsyal 2gditignd Petiptaed gagrmipn gf S ancstahle pharmarspligstifony may

be brlont Ab41H bl The@RelRidn 12BLAL §hich QAR 42brplibh SifchabPhiEmARRP!
forms are” made by form ng m croencapsule natrices of

mOﬂ?W%@ﬁ}déﬂéﬁ@onpounds i n bi odegradabl e pol ymers such |
0001501 o S5 Bl ML) 5 RSNy 4B
the apssinytiosrof ¢hreplreg/feein seivetaneue onintramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally-administered drug form may be accomplished by
dissolving or suspending the drug in an oil vehicle.

[000149] Injectable depot forms are made by forming microencapsule matrices of the
subject compounds in biodegradable polymers such as polylactide-polyglycolide. Depending
on the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of

drug release can be controlled. Examples of other biodegradable polymers include

30



drug rel ease can be controll ed. Exanples of other

bi odegr adabl e pol yners i ncl udepol y(orthoesters) and
WEiog&shydri des). Depot injectable fornul ati oPGI/HS09/045143

al so prepared by entrapping the drug in |iposonmes or

m croemul si ons which are conpatible with body tissue.

[ 0001 50] The preparations of the present invention

poly{HﬂtYlo&&:rQIaM@ ol%aﬂlll)l'dlﬁdeg aD@%ﬁt@?&itJﬂﬂe fot@laG@slaye Do prepared by
recta ) are given orns suitable for each

entraggigg %{nl B’HS%P@) mqugffmlg%glixﬁp\yl@c I ég,mge}l‘@le with body tissue.
[000@sb71 Ni sn%rp@q,afaﬁoﬁsa&*tﬁé ﬁe&ﬁt iaAR%ih fal B Bivel Bfall§ ARl cRally,

t hey are adni ni stered injection, infusion,
topiqaliy f rgetaldyy Theatarfbswendqy presuitable s sachragmynisteation raptes | For

g N
S A
admipzstesert bfia]ebtwh adusingie thhhleti@i, fotior.covemenig egpofitory, efc. Oral
mhn%fﬁ%&&ﬁ% ation ot her than enteral and topica
Pati on, usual Iy by injection, and includes,

[000Ws t]hout THei phirdsai ipan'enterah tdmavsnaigy”’ ahd tadatiniseret parenterally” as

used:hg%egrg%{ia%lg " es (? Sl {i‘lgg]glgther tH %geéglsﬁa%i ?oplcal administration,

usuallfby apetibd, ane i:HcludEsf B btk IRBbn, iGHREAuS, riﬁl%ﬂﬁuscular
subcuti cul ar, |ntraart|cular subcapsu

intragrigsial, intFathsed); infrpqapsidas; intporbitad lpﬁ%@wemﬁacienmhlf weppesioneal,
transﬁﬁ&ehln bubehiafkout QQ&%&&JIarTﬂﬁa&héﬁéeﬁlbca%Xﬁﬁle Stfarachnoid,
adm ni stration” adm ni st ered systen1ca ly",
intraspyesl @%@rraﬁtera@lnmmt@maa@u@ﬁonand *adni ni st er ed
i ph a LoU Sk hon
100062 PO oTER gl SyUtSAE s RcRi R Qs BT M LR
“permhfrrelcadhynlstmuon’f dral “@émtmmredwlwmbmll)é)ﬁsmm hesajnctmearhtae it
n 1S
adml%&%rgté)si} of @ co aﬁéﬁn% %rug oF %{tzxér ngértg%ag gts L tlljmal? %IECC‘CIX 1n ﬁle central
nerveusiygstéra) saoh thatitl aaters sierpatiernis. sy{tﬁﬁ@ﬂd B3, 1§'|§lﬂ§®t ongeholicia

adm ni stered .to hunans a oth r aninals for
and QRIS pRFetin o S enlb e B ey at i on,
[0001 583! udi T}@s@cfoa}ﬁloyndsﬁﬂ@ﬂid a)zlm!irﬁﬁfﬂlﬁ&’ to }ftﬂ{an§5r&l'millelﬁ anidials for
spray recta i ntravagi na pajentera
thersp by 4 wiighiy B SR S B 1 B . B (2 B, for example,

as NicBBRNY,Sntedvagihsl arbil6laligliiehcRUGEAY laid BBRally (as b owders,
mﬁ”b lin za 1y 3 588154] ardl ess gf tﬁg rdﬁ% yF

ointragptg ¢ EQnseipf ﬁlngév@eléié@l SP ngggiounds of the present
[000'1 5%1 ent ' ard(¥3k GHLERYtdUE a&%ﬁﬂstﬂaﬂo@se&l&eh ail eorﬂyd%éé &Qhe

nd/ or the pharnaceuti cal onpositions of
presqﬁ g)ggzmon; vikigh triap he ugeddn @j,uwhleéwé@ted femn, and/or the pharmaceu’ucal

' P
con ARG Ly BREREAE)  RAIRE A B sy
dosage form§ b)f)&&ﬁa}tioﬁhienetthﬁwdmmmbmtof glall insthefftect i ve
[OOO?ggi unt’ The%f T % etra?pe%l ically rTHuc‘uve amounlg’erefers to the amount of the

subject salt or polymorph that will elicit the biological or medical response of a tissue,

system, animal or human that is being sought by the researcher, veterinarian, medical doctor
or other clinician or that is sufficient to prevent development of or alleviate to some extent
one or more of the symptoms of the disease being treated.

[000156] Actual dosage levels of the active ingredients in the pharmaceutical

compositions of this invention may be varied so as to obtain an amount of the active
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subject salt or polynorph that will elicit the

bi ol ogi cal or nedical response of a tissue, system
W@riosak3ser human that is being sought by the PCT/US2009/045143

researcher, veterinarian, nmedical doctor or other

clinician or that is sufficient to prevent devel opnent

of or alleviate to sone extent one or nore of the

mgréaydﬁmvﬁiaﬁ idfrek i tdagifaeehd&IsRE hEBpduBE reshORO 1R Glpadfetilanl
dosage | evels of the active ingredients in the

patieph a?rﬁﬁ%setm wd medspb adminisiiplions itheit being g iodhe paignthe
[000Y$]i ed BR BRctt@d m%@l'e@el &1 ﬁ&%H&]E SN a 38ty of factors including the
acti vei ngredi ent is eff ectlve to achi eve the
activiy of the @aﬁlh@lﬁammomd pldbpprassat nyentign gaplayed; loathessiet, ealt or
I S
ami GRS, b i @ RGP A BB A SRt o
the paxtigalar wnllpoudéb@mgiempioyedathv dniagoryofthe freatmartsothcncdlrugsh ng

t he act|V| icul ar..c of the ent
compGa sk malgRby s o mpREt Ly L OO BR ot BT
the agf186x ®\fe1 ght, leenditiott, geﬁal aedtihning briad méedical hid®ry ofMthe pdtient being

the rate of. excretion of the

stration
treat?fgﬁ‘?‘ﬁdjfﬁ t°‘i§dY‘Fﬂ)‘d‘t§‘ﬂ8ng Agedispi®ed, the duration of
[000148] t I eQpRRian RivBRAindiaH Bsving SRRALIWISI ANKY 8f cavatfulyal s

used in conbination with the particul ar conpound
deterghipg Feuescriprghe gifectiyeamough P@'ﬁ? phamaeautiFad RompRsHiongpquired.
For X8 ;)fehth@ Bﬂysmaxpar v@ﬁ%ﬂhé‘rﬁh cBiig tsfa&yao&fs of fi c&%éu%ﬁ& optﬁzf ng
. treated, and like factors well known In di ca
mvelawm@mpﬂmé imtg phasmptepti¢ad pqnpcmtlou@t levilp meaﬂnah that yeguired in
ordexo{oqaﬂ@& héb rL:d %gﬁic%ﬁtect%ﬁﬁ] #aﬁ?a%efln)(crgaﬁg ﬁ{e%& ﬂrrlltﬂ the
prescri t1ve anoun ar mace fical

des1rctbnli5@$15ta|cmﬁvadeqw red. For exanple, the physician or

erl arian.cou st.a dos s _of ou of ..t he
1000} R orye 1B 5B EAE HAD as P RER sotnalit o IR BSHDiE i o e
amowdt of fhe ebmpélmwmdhhameﬂMst d@g uffecite taprodute i thvapaid effet.

Sy e G NagE L SPDRLY H0EH Bchs B ESiPH] Lot Darerly,

1ntra{1é?1@9§l:5ﬂ] subdutenRIddkes oiith%lébinﬁ&hﬁs gethlsMin¥lagen R aPatient, when
ound of the jnvention w be that amount of the
usedé ﬁ:g

[
DAt Praleesis effrgls: valleaise femebart U jeakoyt b%a&eg
kilogRarh B%&?%dglﬁ p&f da§Ghere ?kbcfé}a 0 ﬁ%fnfa%6ﬁt| 0/ 1d@B&ut WO lnlg per kg per

gener al upon factors descri bed above.

day, @edﬁmawry prqublwembgutémw%%d@atmamkg derglay. Ber axpaple, in
som&aﬁ%quﬂ&%s @BF a4l SrebBYERL H80nd 29 ot ;%ﬁ(%ﬂﬁ?&{ 1f WESR4 Y5Etective

for the I ndicated analgesic e range from
dailyzdoseief the @00¢ cerapaiind atay bo@dmigistrned dsiodnegwarthest, ﬂgmd ﬁve six or

i . f bly f
L A
or otherenitzbbotirhe feribdf eptiabaly inlBitnigsageforky. per day. For
[000 ?gb? mpl Whildit is possible for a compound of the present invention to be

administered alone, it is preferable to administer the compound as a pharmaceutical

composition.
S. Methods of Using the Tetracycline Compounds of the Invention

[000161] The invention also pertains to a method for treating a tetracycline responsive

state in a subject, by administering to the subject an effective amount of a composition
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sonme enbodi ments the doses are between 0.5 and 4.0 ng
per kg day. If desired, the effective daily dose of
WO b@aeIsive conpound may be adm ni stered as onBCT/USZSN9/045143
three, four, five, six or nore sub-doses adm ni stered
separately at appropriate intervals throughout the day
or week or other suitable time period, optionally, in
comb’r’iﬁlﬁg ad@&ﬁﬂnﬁmﬁ Q raU@ordth @thd GREntMRior & phirmiaSeuiOA B RSt salt
nmpound o resent invention to be adn1n|stered
thefeé’lféﬁ@ thptthg @atﬁﬂséfeé‘&ébl e to adninister the conpound as
har G € b
B P o S R S R
of aljeniating Pioabregating pdistass orsdisandes (it uhgtbtlfa@:rchm ecapaugd gesponsive
I Vi [ » DY
sore) SAATK B FEBRRE. 50 LR bilal, Gl prevegpion’ o
useddmrqtm seftr to lacmnﬂmdi of barging a Gahypu footh stq@cnga diseage bodisdrder. The
nmentl rmaceutically acc bl e salt
“sublefr Bt uin s sy ahy BafFelBnde Goct s . o
hum#r€g E)ﬁl:hatet meade; rat,'dbg,@at, cévg, hobde, gdat, eahéBdtecp oraﬁn%SBn@ferably, the

her ei refer to a method of al l eviating or rogating
mamggl i or disorder (e.g., the tetracycline conpound
[ooO1&33PON S’fﬁéﬂmﬁgb@éee‘%etﬁefﬂh% cd;rhﬁmﬁ& E&ﬁ&ﬂ% BTk Gt@ﬁacyalﬁ%

ternms "prevent preventing" or "prevention", as$ used

respeqsivgistate” inclles gtatesWhish Betbefeatsar prpwgteé o ijeseise pmeliarated by
the affnitH étfa'tl&g offa Q{r%%@ﬁ?e &hgghrﬁpéﬂfé mv?-?ﬁg . |c§&ine ’c%rﬂﬁound
mammal . The nmammmul " can be

used herein, 1ncludes _ The na '
respansiye states yncidathadteriab, viral, and gl infegionsrtinaydingihoss, Wit are

e 0 S 9T, . Bl o cotor

canckr g sgeet, etanamy,diyinple canoerp enthathereliqoodess oherastedtzad byor

v S P SERBURINE 53 B PG MRS sl by

6,100,248) pal thiririk, Sisfealbdrﬁsﬁs dfabeted, @hd ataytGlatdRgoctiipowiaeyofind he

i nventio cline conmpound re nsi ve st
compqRT AT B BT I Do o PR S TS, RRiSb N £ 780,395:
5,834,u50: l612d7 061 EDS S3ABN7CEhcRbEWRIEE isSk §s1>t Ric&tbBi@fed herein by

tetracycllne conpounds cancers , prostate

refergngg), orompuadsef theimraytion ga laﬁvse%maé?vem %ﬁ@n‘&x‘ (epertant

manFRIiFN A Bvetd MU CRIRE Sl 28 8RRl Bindl 8% SHESions, infections of
characteri zed by unwanted cell ul ar proliferation,

skin pribykiRjstrgturd gar Rse and thrqagtnfectons; e igfestion, pastitispndtis like.
In adﬁltﬂ;) Omgtﬁgcis’ fo éarﬂﬁ%\#éo?hasﬂ§ hﬁf? (g)cﬁne &J)hx‘lg)o 0 ndg%f hh%qgventlon

er states tetra |ne (0]
are atse dnelfded fehntder Bezestc ik, eCans@‘d{eSf 0198e46q86e0690). In oAt ent

embwl%'ent,sﬂlz ?e%’a%%ﬁhe responsive state is not a bacterial infection. In another
embodiment, the tetracycline compounds of the invention are essentially non-antibacterial.
For example, non-antibacterial tetracycline compounds of the invention may have MIC
values greater than about 4 pg/ml as measured by assays known in the art.

[000164] Tetracycline compound responsive states also include inflammatory process
associated states (IPAS). The term “inflammatory process associated state” includes states in
which inflammation or inflammatory factors (e.g., matrix metalloproteinases (MMPs), nitric
oxide (NO), TNF, interleukins, plasma proteins, cellular defense systems, cytokines, lipid

metabolites, proteases, toxic radicals, adhesion molecules, etc.) are involved or present in an
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5,834, 450; 6,277,061 and 5, 532, 227, each of which is
expressly incorporated herein by reference). Conpounds
W@Rowhesihventi on can be used to prevent or coPE€T/052009/045143

i mportant manmalian and veterinary di seases such as
di arrhea, urinary tract infections, infections of skin
and skin structure, ear, nose and throat infections,

area WOAbRHarkt Afr@ Gtk OThe m&hjnaﬂoﬁy #0&kst Rend delRnsd oF 1R AR HshiRMo
nmet hods for _treating neopl'asns using tetracycline

damagsnd B fryse of inflaampatiqhapy bfrfiua tephysisal Japepe gbemicalsnbsimees,
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Nos.38020\053bn A5 S8R ﬁ%&g@ﬂi&d hEhly r@%?encé m%% entirety.
net abol ites, profe toxi ¢ radicals hes
[000 hﬁﬂ] eculBsempiss of l)nﬂamelatonwdilwé@ts mclqdp,ésleme npﬂlmmdrte,a in
T
includmgldmmmih ond pmgussbf) au and cipyis boakhidasimysitis,cpperiresplratory

ances ro- organi s t.i ssue rosiLs,,.cancer
infec RS RS ERion Toll S PR Ry Pt BRR e Moy PR ifma
chroio ysbirik yncalrfetﬁw.‘xsj ayise arldf chidnid &nhﬁﬁtgg%ﬁcuteﬁt&?:cﬂ@mchﬂﬂ?ﬁm&fvms
e referred to as chranic_ inflanmm
acutq @3@&@@ 329 A@ s (RenPRT YIS RETRS RAYIES P! e&fl%?raléfz@mltls) uremic
penchmtlsamea £ ¥ hbh R Qh6lIeE st 9 abutd SEdhed i & vAeiAi R 6dued draedrdle

heat, redness, swelling, pain or |oss of functi on.

uveitgs, drug reactions, sagtpites drums{heapaehsmiraliind slestiical) prd supbin.

[000 P84t ar erHaQdrm 4iffadnfahtd: profe&a@ictedispile ‘iﬁdllﬁﬁ§ ih ndd- »
bacterial and fungal infections), physical ents

embqdiment, NQ apsesiated s@feat Thmtcrm INOrasiosiaied stoked nmi es sigienwhich
1nvoI{V§ oﬂare adsBh 8BS wﬁﬂ%tﬁ?@mgﬁ}%ﬁ&%fe%mc ok RS ldfr}]tﬂag% (RS,

varl ous types o ogl Cc reacti ons.
NO dsmCtalt\%irstaémnglddmmtes wiheh dr@aBractirizedtiesabdira adensts of NO
P 0] 5,532, 227,
st TRES, SR NG e e can oy Rkprenaf,
tetrac[y@ﬁlﬁlﬂ(ﬁﬁipoﬁx@mﬁﬂ&én@htwmle&mmthsy didesey A sttes idederibieal in U.S.

Paterty No&'62378ba.'d 015589 £ 10,774 and 5,789,395 are also included as NO

associated states. The entire contents of each of these patents are hereby incorporated herein
by reference.

[000168] Other examples of NO associated states include, but are not limited to,
malaria, senescence, diabetes, vascular stroke, neurodegenerative disorders (Alzheimer’s
disease, Huntington’s disease and Parkinson’s disease), cardiac disease (reperfusion-
associated injury following infarction), juvenile diabetes, inflammatory disorders,

osteoarthritis, rheumatoid arthritis, acute, recurrent and chronic infections (bacterial, viral and
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osteoarthritis, rheumatoid arthritis, acute and

chronic infections (bacterial and fungal, including
walepbtksspd a and pertussis), acute and chroni c PCT/US2009/045143

bronchitis, sinusitis, upper respiratory infections

(the common cold, etc.), acute and chronic

gastroenteritis and colitis, acute and chronic
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adm ni stering tetracycline conpounds of the invention.
inventjod. di sor ders, di seases and states described in U S.
[OOOPﬁi_} ent SE)Jmles 6f %%x%lloﬁro@é&as@ QdocimeddBred MMP@@QS) include,
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arthriflay \Weangtome'cslitih, 3xflasie)ajory élscﬁhda@ tdinse@s®th and invasion (Stetler—

Stev %"ﬁ\)fg e UEI on Ssgg}l %tozﬁdgﬂ.{ﬁg{%f{;ogrlry%\gy%g? Igtncfl a%zoc im. }?zophys

Acta QS8R 0QT: wur-ml $i et e MBRICakSinad! 1998, £2:84-39) HeRstadis GHtE RAL
and chropic fections (bacterlal vi ral andfungal)

infur SiFpF, S BPTE A BICES P B IR FiCular Siewtyme<in e wounds, iy eye,

boneraﬁ§ @éﬂlﬁg@&égrddaﬁ&%@r@éiﬁvaﬂ 081 CRRRDog; 0b d3-38t E¥Q11 et BC WSy,
chronic %tastroenterltls and COltlS acueand

Op. Ié’ﬁfff’e}ﬂﬁoé 1996, 8i23824 2 PtherdVIMPAS; 5cludgcthess dgssaibedindh Patent

Nos. ‘3%5@%5 15 B1,086U Rsa3Y. £H4O1C4 995“11}2“ GbysEd. 9, 66@%9’? fnd RE
chronic’ serédsitis (perficarditis; peritdni

34 6556,' mvlipptased heteinuby tefesengath theinelimetyi ), ur emi c

[000 ?ﬁg' C grlg Ialrldetllzed teglggé]lg’ gtﬂfrillg 2%8 él‘f‘i? ?}J}?]LO%X §esg§ﬂsw%¥%’1 c 1s cancer.

Exangiiesarficancenseviichsthe 'detracgfchmmmponmls of tltee&stenboﬂ mgy bdusefis to

h I d el ect d b )
v o B B BB S B G

Aderptatifomad #0 cdrtifbrighaterivédfrét @landular 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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enbodi nment, matrix netal |l oprotei nase associ ated states

(MVPAS). MWPAS i nclude states characterized by
W@b@pn&s09 anounts of MVPs or MVP activity. TheBEI/HSM09/045143

al so included as tetracycline conpound responsive

states which may be treated using conpounds of the

i nvention. [000170] Exanples of matrix

but a@ﬁcﬁ hihfted &, @Meﬁléﬁmasgﬁ@de%ﬁﬁms B@hﬁ SadcMVBRABNSha &%Mﬁ e,

but are not limted t arterl oscl erosi's, cor nea
carci P PERt s carémwysle%cané@t T CRPYOf gthemganeqrppsevell. The

meth%ﬁsl»a ) Jﬁé in%er{t {oh QQB léjﬁls@‘ihe%hlblﬁ[}ﬁ] o{ Jﬁ!ﬁ% g}]ovs,rtﬂ' %ﬁf&%ﬁ:fﬁ?ﬁg such

Neur ol rmuno
as, fwweogla,rthmf ﬂmslrccsm biepsti lsdndyy orchitestss amd eplorchr oni ¢
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subst%g{;:\éﬂt %F g?mpqt]gg g&cﬁéﬁ% Ar%lb}%on (‘91@06{/ 8 og{h Qé:Furs Le.,
celluBir Qﬁhhlféfhtloﬁl, PP FenestChetast@i( or tAM6F HBillerdt Is ddeteatdd, dbwed, or

Carcinog. 1998, 22;84-89), netastasis, acut e Iung
stopneﬁh (g inhditionamay resli-fsem iphititionfies dnflagmatory PERCCSS adH- ar

reguﬁﬁ@r%ﬁ’ﬁqﬁﬂanﬁﬁét&a/tﬁr&%kée sOMMES m&BhdhiEY 61 2 RREnABE of
cartil age degradation (G eenwald et al, Bone 1998,

mechppismy. Alkematiygly, e tejgacy ¢omggyndqqn@mmtsgiml fog @@ venting cancer

o2 BP0 5556551

therafy. 25l 8Fdcyclned@mpatiits udef7iocB 8B g talthe 868N anmespREally

adva%t%geo?ig ?s ﬂh&f %%8%%1&% o Hg{”ﬂe ?gnééﬁg;ds C ecént@%r tpe%ﬁnents Ina

furthtednitdyndnit, nise @mmondswf nmpmneon/ﬁe aﬂraim?stered maombination with
of cangce tetr cI i ne conpounds

Stancg%(f%ﬁ‘éer%m’}a@ﬁ’t ?‘18& ?rg’i?t éﬁ ‘?gﬂ Clleé}l aé’ty i ncl ude al |

[000STH]i d tEﬂiﬁipEes of te@acychiiy 1@$p’cbﬁﬂ9§stﬁegalso 1ﬁd&d&€e@fdld>g’i@ma§orders

nd sarc Adenocar |no S are. carcinomas deriv
WmCﬁelmdgl 9 P%’PSBEC ’é‘%r{ffeang peyrpy %ﬁﬁlﬁ‘éﬁwﬁ Hisordgitpbut 2Es 110 hFl&F‘HO

AlzhEBeed QiséAb] RnBh@RFHLRA tSATHE P 8 8iscasPibife R HBBicRTs ARei¥,
i ncl ude tunmors whose cells are embedded in a fibrillar

Parkigsorhsdisepsstent ethsubawadiEuse hody dispases; swile demerriacHpatmgton’s
dlseatsé Gilés deEX RORLRSs %fndfbﬁ{echlﬂﬁfﬁpesscmsﬁharﬂﬁ}{@ gﬁd' lgt%fa? Shlerosis

usi ng the conpounds of fhe invention Inclu are
(ALﬁoprognesﬁl\tees@pna@uclf@ap@lm epriepsuend Greuizfalditiakad, difpeesasitonomic

func&’cﬁmlyordérg sct{ch 3sh léﬂ&sm?l%& Q]e%ﬁ&%s&ﬁ%% Zl‘é?rpg%}'?}rlrlgﬁlttc Qigsgisde%f

nvention are not
(deptebma®me SCt}nzmphremy;ﬂehyzoztffeptlwdlmn@br,t Iﬁorsakyfﬁ:sqisydmsismma anxiety

cisord G il i o o S R T B
memohyeldske sttenaoe deficitldisenizst, ergnd@thymiedisstdsrpmajoy deprasive disorder,
obsessive-compulsive disorder, psychoactive substance use disorders, anxiety, phobias, panic
disorder, as well as bipolar affective disorder (severe bipolar affective (mood) disorder (BP-
1), bipolar affective neurological disorders, e.g., migraine and obesity, etc.). Further
neurological disorders include, for example, those listed in the American Psychiatric
Association’s Diagnostic and Statistical manual of Mental Disorders (DSM), the most current
version of which is incorporated herein by reference in its entirety.

[000174] In another embodiment, the tetracycline compound responsive state is

diabetes, e.g., juvenile diabetes, diabetes mellitus, diabetes type L, or diabetes type II. In a
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carci noma, prostatic carcinoma, |lung cancer, and a
variety of other cancers as well. The nethods of the
WO posensisen al so cause the inhibition of cancerPQr/ostond/ 045143
i n adenocar ci nomas, such as, for exanple, those of the
prostate, breast, kidney, ovary, testes and col on.
[000172] In an enbodi nent, the invention pertains to a

furtheednhbddirhé, fpﬁ(ﬁt@lﬂtglﬁesﬁati%ﬂbd 2 bifssdd B the erﬁlhlsﬂf&tldnl oFitheOf
suffering from cancer adm ni sterl@g an effective

tetragylipmeoryoundsa e pyaniey enpihesamhodneah fisdepyslinsigompound
of th& ﬁﬁ%ntioﬂhé antn ﬁﬁré&fln EEHGIREtnShith HrRMd i PEGHhSrapiek, s§ch as, but
lular proliferation, invasiveness, netastasis,
HMIquﬁﬁonﬁ@Hdbﬁmgfus decr eased, sl owed, or stopped. The
[OOOUBITT' bi tih gﬂotﬂ&%ﬂb@&lﬂieﬁt t qu&dcga{ng 'c&hﬁ(ﬂm? resﬁ@nswe state is a bone
I nfl anmat ory process, ~downre atio
mass| difordamnBowy maqs dosks, mcéuﬂmhmdm wheze h sutijetn tonesare disorders
ani.sns
and/c{r sp?egc a}lere tﬁ e?ogxg%oga Fepar %remggehng e?E?nefla %(dVng%%COH§ ]aca'
exanpid) beme hes ufsbﬁlefsenclﬁdarose&ﬁdmdlege &,@ detresse i Biedtragth and
cer follo sur gi cal ction or radiation
densfi syt SBE A EbT o DU e G Br P e G o
recoﬁs&u@m lo@fésg&qungfeﬁe&épﬁ@ma&dny dﬁ%?whmmhﬁ&ﬁ IPeYEt’s
are_substantially non-toxic conpared to other cancer
diseape, SiRFHE Sy lasia. astmfﬂm&r myplgEa .bﬁﬁfrﬁlseaﬁ% andbageniption ofpaleium
in boh8, esubﬁ"ééeiﬂit wHichAE Rl ACH To BliRtalf B etpRrafRlinal BoRe Waéshhsorders
standard cancer t herapy, such as, but not [imted to,
 includpelieipteeinapyich the doumBen, Bpairor remogtlingeafibausis il yeatageous to the
r
subje&/ﬁ?sggags IPhES Sradts ggspglggyi gﬁﬁﬁé&%&t A 094 cg%ka@t'a] RO G sSbject
whichear hﬂjte@aadevlat the Etrmysbnwrg)oumlstof dregnyeation. | Imatfexdhetr o,
di s i as relate
'embcgllm%ngstge é?ﬂ: EC glﬁor R mcﬁfeg té}zlfss 3 desf’rérﬁgl nso% PA{S& SeR é‘gé 135;
5,238017; 6199&,89@,6WO;588 fREB®M ﬁiﬁjﬁ 308,889 925, 833;r3| 30@ 20@ padti a,
i ngt an' s.di se ure
6680 Pt Wit RFES ShseTpasePLndingy st R b T Spipt
[000 78] Ier O%Sndtmésiabomm]gf ﬂﬁ&étgaeicﬂiga g@ﬁptﬁina @ésp&ﬁi\&)étate is acute
epi | epsy, .an eut z ako i sease, autononi
lung frjyryt MHtGdW%PJ&EF%m%ngWd&E I?WB@P‘EY&%#GBWYBW&“@I('@%PS) post-
pumSlsyHAF RS @PS@MtRARMY C Madink ikchfies &[ﬁﬁfuﬁy {odﬁaﬁfgqme@aused by an
schi zophreni a, schizoaffective di'sor Kor sakof f s
extripsiq 8BTS vetim Rramplesplitenpa inckide dwi are nphlésmt%l tg ceshdeipges,
contRl Fith a h&%%ﬁﬁ*a&gor%xttﬁg%%ﬂﬁelddaﬁﬁggﬁi e (ugpnesi a or
age-rel ated nenor attention deffcit disorder,
[000EL7. ) , Hysmmmrt:alm Rregride o, 2 mrethod fod tpatimgsicwte lwig sujngéy,
iR U ARMULALNGLSEARN o BRATARAGL ! ve Substance
gorders, anx pani c di sorder, as
[000 we]] I aéf}ie|tmb5aa11nafa‘spmslve statts sﬁthel weﬁmmndiucmﬁhmruc lung

d1soraers ‘f‘fle 1nven(t1rgg %9 alr(xjsI 5 (r)neglods gor 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 tetracycline 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), bipolar affective neurol ogical disorders, e.g.,

m grai ne and obesity, etc.). Further neurol ogi cal
walt@ondsrs i ncl ude, for exanple, those |isted PEI/URM®09/045143

Anerican Psychiatric Association's Diagnostic and

Statistical manual of Mental Disorders (DSM, the nost

current version of which is incorporated herein by

[0001 BI]€T eNG&rel dhothleBeribYdih&it Ythe [RAGEIAH cohipodtPlefRnsive state is
enbodi ment,, the tetracycline conpound responsive state

1schqn§1a,cﬁtr3}6%c@ré§che@1cgstrok? u%ﬁpye@tlap alppeiains i methed for treating
1schéﬁﬁ5 |srblSor iSihaRREEokd U)pzﬁhﬁlms@ﬁngé oy §§e AR bt a suloghtuted

af urt her enbodi nent, protein [at1on 1s not
tetragifofing eampopyd efibe ixvantinng fn aﬁr@nr mquheem,éhcr rat;wfplurme
com &m&mﬂw&&ﬁw U Rl uch B3OS D GesBIARATA IR prtehtGos.
tracycline co nvention m Nl s ed
6,231,894 O1IB A4a0;i Sl 9vﬁ76 la,ndsﬁ ﬁSﬂdéﬁSd indompbetadhetelrelryarpicesgce. s u c h
but; not., | im.ted t sul i thera 00175
1000553 orts BT TR 4P P RB oihe et s

woutid® Sfirfisveviiorsilad gerfaths fat hh&ﬂ&n RS S0 8 hnethod €. imPRREhgNRSkealing
[ [ s where a subjects bones are

di sog%ers |H§lu e disord
respQjise g e prIthgHafyzse s {eks F)éw‘m% efc&rtﬂﬁwt%ﬁaumaélﬁamm (3
cut, GRARERPE, RE: C?Ofl“h@ mousn@dﬂ@meagﬁ@lﬁem%whnemﬂp&@d obaie

mass dj sorders include osteoporosis (e.g. decr ease

invepfjonWhish §3ay OR g1k natheve arbretyal apie) forimpraye éhse capasify of the
ep1t}fe9£1{§€& {iQ0e BRACIcAeSbuAS IR WdhdihayPh Qe lﬂ?eexﬁte Gfclllagen

facial reconstruction OStEOQEﬂESIS I nper
accupnplatipn pithp bepding fissas® ¢ mpihodman slph decasssathe Pagrolyticsictivity in

the egihf’tﬁé Bred sme%gﬁdgg%gsgﬁgg%% fol agéﬁo?ﬁg%%g/ﬁf‘%&lmﬁ%fﬂ)o%ny of

one lsease, on o umin one
MMES,I dh adirthieh embevvinett, the tatmtatieelcdngpopnd ofthy invention is administered

o g YRFLEBS A th BB P R Rer R &g oo

comllm]nnd! of &e ad}\‘tmmnagabtdﬁrehoa dkivewsutd] actotiee siehl disodderdsl described

i, RERRIE 7 S SRR R b LH-BE LT 0atBa ar LA Rk Eoo

5,459,839; 353 L2 NandCROBBIA0eE R b Whieh iRl dra8d Rereid bl WitBRde in its
enbodlnent t he bone nass di sorders include those

entirgl¥scribed in U S. Patent Nos. 5,459, 135: 5, 231,017

[000581398’ ag?et anothéPentdAimdRE tﬁ’é‘te@&@rclnﬁz ® &ﬁﬂesp%nggesstgg’% ran
and 4, 666, 897, each whi ¢ her eby

a0Ttif AYASHR ARRHY IR Hevasculy tiswe of @ ﬁ&eecr fe- g ,taseubmﬁ haémg or at risk of
hav1ﬁg0;91%¥t§‘] ormascﬂﬁpiélﬂa% Sﬁlnplgz T etra u ng dt j% effectlve to

onpound respon3|v state is acute
redu¢eahg sigg@lithé easculargingefysna duit may @s pdmiaistered tdithet subjest pnor to the

onse frlﬂé \Qaggulér%%@m Bﬂzﬁttlpalt'm% aﬁ%( ) 1m%r v'é’Péé B %eterrn 0 mBnt the

rauma I ncl i njur I Virng FSste Eau
vascailar tsxtd is as mmerﬁgaguthmomyeglt the Ekmmphﬂaomé Tnrazfumiser
embcLJi‘r%leﬁJc,d the te acycflxrlee corllr?r}ounc&s of heeqn\t/e%’aor? arxrlé %Qed tcr>] lej:gtld?s%rders
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 other 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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contact with a hard surface, or cutting or other

damage to the lungs. [000177] The invention also
wW@erwaise to a nmethod for treating acute | ung PCI/US2009§45143

adm nistering a substituted tetracycline conpound of

the invention. [000178] The tetracycline responsive

states of the invention also include chronic |ung

diluttbnSAtElRY describe il WA U1/ WRRHLBCHEmbsHon@k Chf&af Riboratory
treating chronic Iﬂﬂa di sorders

b d
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[OOOTQ? et RAettddGé1i#e @mpsIINnal 6fsb BYudel tStrSH Iﬁ‘if&‘f'ﬁm@t?adltlonally
ffective amount of a substituted tetracycline
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es. PRI S Ol e R, MR8 b B R PR

aeruPiavent. ]N&Sum 5. 9611, 8ilreuHor(Bl Jae2dlis, b oh2@ntidfditnend bk tetracycline

s_hereby i ncorporated herejn.
com i B BRI hEARteg R LRt Yo GO RRS o PHE B e R botc
comysouiRa@sli TRA¢rachdlRe b&hpeiay oF tHeeneaiROHBFbd KBRAMBEIM Svithtaat €
Is ischem a, stroke or ischemc stroke. The invention
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includesrgoorsenisiration f theyetreeydine compaungly (egh énhitdtepoud athithe other
- t i 7

L
the oflgss the@pBit, agent or Geafment48d adrBinBurstichAs taenhds tmemgent or

' o) e 000180 . anot her
it R A R e L TR S R T
any @gsntavls'd!&i i8 knapamnoh. theldretol treat pteivent, @lrsducp ﬂletsylinplSwms af a lBest or
disor:d% rE;uch éi%ﬂ%ﬁ% 6}7 élgl?o?%fg?eroéﬁn‘g%egyﬁe}q S%gggt(ngaey e ang Qg%lt of benefit
to thérpmirtﬁﬂehenéaﬂﬁuﬁlsté@d acdokdirdakian! With kit ddﬂjxrﬁﬁtyatl()ﬁ ofla tetr@d%hne

bu scra et c. The met hod may incl ude u |ng
compeypd E@O@ Ui 6ot e o By Hﬁatf(i“’m AbAdR P dhe
inveriidy 1Mdehl@dé8 d@s@hbé@ﬁﬁw iPtenBRbd. Bi10Y 244; 3 4B8PLOVSERHO6 and
566cagac|ty of the epithelialized tissue to heal acute

Heoperéedrhsteifoly Tefyerca iy theis entirpfE rat e of col | agen
[000 ?8?5? umul @i ggustle <tA&HE Qllnbﬁlﬂ” b RS Lnpolin@is TRt Iaﬁ’lquﬁ.f'?%cessary or
ity

al So decrease the proteolytic acti In the
suffigignt e treps by preyené g tetipeyslioe ¢pmppand @amnﬁlge sﬂa@ The effective amount

cm@&@gﬁx%ergus%egg%ﬁgél% SUREEN léﬁg el e tg% - s
or th¢ paati¢ulardettacpeline sormpovindi Eomaxanipleothe hkmxsmffﬂm:tetm{ycliﬂee
com;{solﬁk)&] cagn ct‘ Wha? Qonsfa tu{e\é)an “ef?ecgl Vef al.Jnrlcgurt]l?’r (fne o? o ékiﬁ Qlethe art

racy C
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

39



compound of the invention used to treat a skin wound,
and ot her such disorders as described in, for exanple,
weR®I1svent Nos. 5, 827,840; 4,704, 383; 4, 935, BARS2009/045143
5, 258, 371; 5, 308, 8391 5, 459, 135; 5,532,227 and
6, 015, 804, each of which is incorporated herein by
reference in its entirety. [000181] In yet another
not delEbeeididIe Pdact WiktEtht edtivacyrapounts SRIROHG WelcREBAS tEresibRhE
an aortic or vascular aneurysmin vascul ar tissue
ﬂm“ﬁ? a subject (e.g., a subject having or at risk of
[0000& i NY B imRhtibris AlrthéATRbtAd NG FRWing&kEmples, Wich should
tetracycline conpound may be éffective to redidce t
not bgjcoustryed afarthesdistiting: aneurysmor it may be
adm nistered to the subject prior to the onset of the
vascul ar aneurysm such that the aneurysmis prevented.
6. | nExameplifivhtieli ofcthe Inventiovascul ar tissue is an artery,

exaeipfts SHTRROH Rand Sl Ep PR e o ounos of the

i nvention are used qreat dlsorders described in
i&ﬁé andW5’834 44Q; i ncor porat ed

p j 1 o a al.
conpounes @f<IhemuﬂM&m&mgajarecms@fubHas amtlblotlcs
agai nst, organi sms which are resistanf to other
tetracycline conpounds. The aphiRiot k& AGENVELY of the
t et ragyeidnggoonpounds of themmnuentRQMJQa%mbe
determined using the in vitro standard brothdil ution
met hod described in Waitz, J.A, Nationa
Cbnﬂ133|onfow “C i ni cal Laboratory Staﬂﬂards Epcunent
v Q-%ho. 8, pp. 13-20, 2nd kg ian OH
1990\, [068388] The t @@@@
nplou allso be used to tré&Ati R
trathionQFI tPeated with tetracyclime conpeunadso such
as, for exanple, rickettsiae infection, a nynber of
gram positive and gram negative bact eri al i nfection,
I'ynphogr anul oma vener eum —i pcl usi on conj UREPRSA tis and
ps¥e.tacosi s. The tge pne.§onpounds may be used to
| . pneunoni ae, Sal nonell a,
E. hirae, A, rhalis, H influenzae,
PR aéTuginosa, . Loli, S. aureus or
E.faecalis. Li one enbodlnent the tetracycline
conpound is used to treat a bacterial i nfection that
is resistant to other "% acycline antibiotic
conmpounds. The tetrRg&felHorngyigempound of the invention
may be adm ni st ered mntQ;ﬁlﬁhgrnaceutlcally accept abl e
carrier.
[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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[000184] The I anguage "in conbination w th" another
t herapeutic agent or treatnent includes
w@eeoadssmd strati on of the tetracycli ne conmpounBCT/A{Ig2009/045143

inhibitor) and with the other therapeutic agent or
treatnment, adm nistration of the tetracycline conpound
first, followed by the other therapeutic agent or

and fris @By HRAtpradwet. aIHEIishlféd @hte9h oPfhid BE:tiBh RAL eARBEARAM d&Gired
agent or treatnment first, followed by the tetracycline

blsr@&’nﬁ%d’hd The ot her ther apeutl c agent may be any agent

[OOO\I\@]C h i "ﬁlekseﬂa\'ﬂfaé ﬁsﬁ@ﬁe@ﬁltthé BOH WeOﬁr %ﬂ%lys@gvag
the s ons of di sease or disord er, suc

by ugpg tnﬁ%wnﬁm@ A n@h@mﬁ@p bmmdagtmywmta@gl@ﬁ therreaﬁnbrepr@ggnssed and
was RfEd ﬁfﬁ%ﬂ&{ T?;A eli tt)Jé oW %Hdeﬂy) Qs O@Q&f}l{b‘t?%tro% b he addmon

conmbi nation w't mnlstralon
of abvonhd ueldmes of tehil@'lmnﬂmldthﬁetmthe tehiod nse@seand ®Uecheda1$rough a

e AR R MR ST L
Furttier 8di3{i@A6n ofth8 a&n}ﬁﬁﬁd anslpafomsd thichighir@1sIofpas alitﬁti lower

! 2¥ ef er in their entirety. [0001 85] The
apoa%gl&cg& é “armount" of the conpound is that

[000@g0UNt @lﬁﬁ;ﬁﬁﬁ@ﬂ&is ﬁéebase‘&as%ﬁmmé@mtar@altog&{au@ﬁ G841 bwhdch was
t et racycl | ne conpound responsive state. The effective
char n&q@p’

thdimiyagivated FH/G eptalvst wageharged ad the
vess@Rhs ﬁ?e'sﬁﬂtzecp\tmﬁ H?dré%é@ oBE L The rQ&tlBﬁ( Hﬁ'xtgxfe vhs n‘gﬁ'ﬁgenaﬁﬁ uhélg

partlcular tetracyc ne conp ound For exa
hydregesipsessuse aroned ﬁQaPsﬂ aen\pbbitiRé h@wnp S(hed commersicinf e comprad 4 to 1

was %m% Eltt%é : etﬂ)g rv&tla‘g \flt\'gt@ﬁ%g 'afé g%ﬁ?g oughtg%zh? ;ﬁﬁr Silt ﬁﬁg}yomt the

reactainanmtmmqntnmmd vkadbwrﬁscamﬂmmk&odrhes Mt erm nati on

ar d| ect [ ve of the tetracycline
rooo ottt Sine ke e it soroHS Pospiugericrively
fromhf@&mbﬁlﬁ[e&p @hlé pIg offitk BElbiGorDH ast ddRusied V& MouOM 5 Wi’tlﬁ%oﬁ’cfenﬁﬁécﬁHCI
t%{et racycl i ne con‘poun%s of the invention my
and the, 3qlpfian s eytragteduith Gehoromsthapg. Tl@raqmﬂuélawmwmrgct%d with

dichIoRMRANANE el b1y RYSRE th@@réﬁrtéd PnaPradntst el e % part
of a pharmaceutical conposition in mxture w

dichlerpmedians ke “@;@qu'g}bérﬁfi ang cquentﬁlmgr srslceluef lggpptgne was added to
prec1§ﬁ’§t§ ﬁfe%mcﬁcto rf&ﬂﬂér%uﬂﬁca}tﬁﬁ Q8 Bf)tglng&lﬁ%feﬁéaé@g :&r%tevzﬂﬂﬁ—%ﬁ

Suitable for parenteral, oral or ot
procegdyrd ‘Mliﬂsvrr\&tﬁhoaht “ewirdmghiytstherd trbssobie Ithet cepdeguesdugt. r eact

ExanWhlte'} w‘qﬁ@’&m{‘ the%&?w?s and are not del et _eri ous to

reci pren 0001 87] The invention is
fo00faxdt he rCrudld UEX Latizabtiofpropyd amtdonetiyi)gniexairiihefcebudei(¢hg) was

.. shaul 0 onstrded as further limting. .6. .
dlssoggg r%?sl(? I‘P% g? E%fﬁer% {0t 9 &a(lLﬁeléSr]SP,llglﬂn of met anes&gomc 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

cluted 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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Exanpl e 1: Synthesis of 9-Al kyl Am nonet hyl

M nocycline 2 Bis-al kylatsd R1=R3= CH2Phl , RR=H R &
WOR2009H43509 al Kyl group Tris-al kyl at ed R1=R3=R2=Et/P§2009/045143

freebase R & R = H or alkyl group Schene 2 [000 188]

M nocycl i ne hydrochl oride (conpound 2) was dissol ved

in methylsulfonic acid or hydrofluoric acid with

ﬁnall”ﬂﬂédmﬂ spudifiedtiois. ardiye pfdaactwacmwaaaddwtaqws ¥&RE6Mation of
such as triflic acid. N hydroxynethyl phthalimde

SOdl\‘/!ﬁé“lgEFcf‘éBaltt% 19%of the prigmahvalyme afrtée C"ﬂ?éte ﬁ‘fqﬁ’% was
[000$§4]r r edT}fétfoﬁ&VﬁE e%ﬂl'@febieséd?seché s@pltio?n sﬁ‘%f% @@émhefrﬁe output

acid solution was add to an ice/ m xture
fromamltlplne.quv@n%@w alsape %nhi@al@mﬂ yvopied abp Atrredigt fradtion splagie of

> SO AR Sty SSOABRI 6 Biy
solufmeafispdituathydrolidet Abe aghdousisolution wamwashed Mthfzrleoﬂ riflic
d1ch%¥on§[iet1\1’\%[§, a]?({ %@ %r%aﬁ %yséf': Y esr«l: 'T? Eltet he (ﬁl aﬁcﬁét can be

nheu product was
[OOOﬂS’:’QI at ethead] of the aquacie 1ofer Ishﬁ]ubﬁeﬁ m’TﬂS t BiSausip sydiah @gtdroxide

and B PRy R B e W 4 L] depBispetar o BEIE] e
readjaOikd & 78S 8.5 hieodiash hydrdxhR oEMIA, PrioM3@akh Aifaltdny Si S

was carried out by usin methlamne A pht hal am de

[000B36] oy odﬂtetfowrdéféﬂ(ﬁp@a@l avery ‘ﬂ@e P@abm?cbwdmoefgep%%@ Hhaet
200 mswﬁﬁm%eg Yddeltlstofay | (o%r a Je?i%d N3 gmn VEhiRWs 5@ al ﬂ%,musly

ro uct was grem pitated out the addition of out
stlrrexl rshepiang i & Lo Thersusnensien wes %trwé fortaowtH migutes stapom

tem;ﬁa?g%ré’ Ly difg sﬁ:&&lflkg(f\;eﬁg LA RS HR h‘%hﬂeipka‘né 15119 e slurry

t man ur ities an
is copled ¢re®rb °Crand heresldblult 2 bours. Flinet duqrenfmisohd avas ﬁbﬂeaband\hahed

hr ouat h.re- rr o
with SRR pURSH R RGRS) T R M it f - fora
leastCd rhpums nldt114a @sasthntewighs e/ammﬁudvedwmif the leeels bhalbresidual solvents
t| on vessel i was..charged wih thanol
were M8 PR - ATORTRt Ry s G B e 2 arae P RmEetRangs)
mmoaydmteimeb@s&eé istlad ps £$dlok sotdl Wi t h hydrogen gas. The
eaction m xture was hydrogenated under hydrogen

E“‘HPE?S Grepazpinmef Gysislpmedif 1 CopponBids. en
[000¢PNVer SCpohd ¢ PMPYuWRE dfsdlPedlin 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 a25-mL 3-neck flask under an inert nitrogen atmosphere, 3 mL of
isopropanol (IPA) was charged. A shury 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 slurry was stirred
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was conplete, the solution was filtered and washed

through a Celite pad. At this point the reaction
worRoovas3socont ai ned very low b G4 epimer, arouPdI/BS2000/045143

[ 000191] The product (1) was worked up as follows to

i sol ate the product selectively fromits inpurities.

The pH of the solution was adjusted to about 4.5 with

at AT AER BhE B dchéTQoo&ﬂQ'o bhec ﬁﬂirb'ddc@ﬁ tMEScr9AhIACH &Sy Witelurry
di chl or onet hane, _The aqueous | ayer was extracted with

was ditetef! gpbatRANED {RA ¥ datly @P‘EPS? Heovay repuedsirem diercayptalline
cakefyl dFpihg BY Wfo frBredthan Ho-hotRo HHFdVe ATBARIR %ﬁgﬁ{ a@’x‘ggtﬁlhne

wer e corrbl ned and concentrated, and 2 L of

mesylats (madaresuléonin asid) salt off Compeang i 6HR0ong) Wasrisolased. It was
t he wor k-up
et b e AR B W ERIEH I her T
Exapipbs® | Rreparhtior o CeyslickUBdsylakex$alipé faC dinp dami If (usiat aclurpyf
ound 1 [000192] Crude 9-(2',2'-dinethyl propyl
met n(ﬂﬁ

onet hyl ) m nocycline freebase (40 g) was dissol ved

[0002600]150 Tda 641 buécﬂceraswuddar dPmad Hitods ﬁmbsﬁhle@m ofL of ;
usted.to

net h Ifo Cld- and t he vvasa
isopBPIIIPR) R}@fa\c ofg%“}”ﬁ‘ﬁég B i A gtog e gmapous
free bﬁﬁe@@t:eﬂlpmﬁidq tarﬂhelﬁsﬁ: Andiutiboff-RilitatsurBsic ﬁélah?d}a&n@m g)
i socratic gradient of 94% buffer A and 6%

in TEAC OB AIL) Y25 then Tded e BeshEryr he Patsh et ebthe slrygepernatant
was hd’jh&é@ﬁ)% M%chttf?@adﬁﬁt%%twa&? MR Sind Bl 8k §vas 5AE N gt 20-25

fraction was anal yzed and an dcceptance criterion
°C fogrl8 dwours te h@dm@@%nAb@yaﬁllmh slurrri Bhpdaky wasfilissedtinkorashddewith

0 he
1A PR SHorBE P HELss 182 Gl iR e G EQTMACLaLE B bIoRR ach
nitrogerothexhgh ltlamak@fms 24beur§. avtith tiecsolidd @ntaiveng® bvexght—pmcent (wt %)

|terath t .t hefi nal u speci fications. . To

of L Ay R B OB R B SR LB

relatdke hamdillymf §0—|75%tfer Bq}luﬁlks t’KheJ:ﬁ)l% refairiel) ©.9041 %G oNEHA thel wiskhot
actl ons. [000194] The foll owi.n

of the oIIect )
furtnl eiited B9 S B0 B R Silpints Tom Famey s e g lowing
dry ﬁﬂ'ﬂ@geﬁlﬂlﬁrbtﬂgh thé edxe maH 24 H@hﬁ rmh e} 1aRR81t BBYorApcuad Pevas 1solated as
conblned nd wor ked up oduct fraction vol une of

an orgnge POWdeR Y &)- thCs‘Ef&‘i‘tEHﬁoéﬁdPtF F%lb9f GRaapopnd | @t eystaiiae wHb

onlyl%hle ﬁ@s‘érx@glf&ﬁlt @ﬁoﬁ Softhnretrft RmiSIdRSe, 3s §&érﬁﬁﬁe%rby9(—ray pow?]er
sodi um m\édr oxi de. The aqueous sol ution was washed

diffrgetion GKPRD} #ddhesmegtasimetignd @ lwealpsigani ¢ | ayer vvas
ExampRY: ¥rEfhrafich 6¥ Al T disflgg#gagt]of ?lgﬂ'ﬁlnafl ga solution
um

aqueous Tayer 1s adjuste u3|n
methpddr oxi de and t he product was extracted four tlnes

[OOO% It] h 2. ’140 &5-?;]‘3-1%.0& I?l ¥« 181'25%‘ Qxe}nert mtro en atmospﬁerc 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-z-butyl
ether (0.5 L) was added. The resulting slurry 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-+-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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readjusted to 7.5 - 8.5 with sodi um hydroxi de or NBA,
prior to each extraction. [000196] The four

waelc@bligasenet hane | ayers were conbi ned and concRCE/D810e2045143
to about 200 mL, which was then added slowy (over a
peri od of about 10 mnutes) to a vigorously stirred
"-heptane (2.5 L). The suspension was stirred for

The amwas URniBYLREer aicuﬁﬁcmﬁo@frwr@&m eheBBdtohtdtRE about 6
ver a perio m nutes) with Mheptane 1.5

Welal_lt-quﬁ%ﬁ g‘f'fuﬁ} 9f selyeplo &fhé Galied’*’@—f‘a“}@cdﬁ?ﬁd“@?i Yackgm figgboyt 45 °C
untllhﬁéjio%ds Icth@an%&qps‘?, Rogd ﬁﬁéﬂt‘%ei’é@ﬁt ((Vlt IVt) oF ?tgve%'ﬂ dTlY@%Tﬁgd tosy]ate

X 150 nL portions o t ane product
salt @er%@poun@ &wayeystaling with dle@@scfrmd rm [l @aéctetznnwdmxsray powder
dlffrb&{?tohl( Rgznst ant wei ght was achi eved and the | evel s of
resi sol vents were within specification.
Examplert Xihapaaéryzation 6f §oglatd S4I2 of Qbmdbmmi hyl pr opyl

i no i ne sol at d as
100031} G T XRED BT Ve RSalsnSERRRCHR Gb PRl oftipptea 20
valuédGh d&akéds odb. 6C®ﬁp8)6ll’11d 41 18. 0015]53]}3 8@111@@{&1]111 Sld( 1ﬁ g% }/vas

soIv din ceton tered and the filter
[000%33 adate sy i%ﬁ%%??wats ﬁ&%l dhermpagrayigisiic{&) analysis
unde nltfokat BovdBta H@ﬁﬁ?ﬁté/ﬁQO@QHﬁlﬁﬁket Q weiMelost Of 3.5, was observed

conbined filtrate and washes, a solution of
up te@int dntghevesioe tq 9algrlgey) i n acetone (79 nli) was
[OOO§J)4:]VV| y Bl Qﬁir tvt;hté&' cBRRYR tlétcb;sfa'llﬂg tosm?e Ry bEﬂlB&unéi 1 was

slurry was ifred in an ice 15 m nutes
calcylpted @r‘f@d) Db f Aftpogondingsy r@hetempcrgturﬁzﬂoo% bdurs ¢hi§ valvaigcreased
to S‘WZ%E{'SO(E X\ét tt(h élg %ﬂgll'pg&?st cgﬁpa)?lﬁg 1,51@9&}@%&18?9%&(1?%%& é)trbompound
1 waasteblp Iﬁmmekmnddnonmt fdoms tempetaturs ataintahiagd afvakdr cattent wéis
apprS 1ma{1? th alumnumfoil and left for 2 weeks during
PPIGH yt5n§ growt h of single crystals was observed.
[000@D3]st al ’Bhe\ll@'gﬁ)s@idlt@@f thd stiyjedt ichyktaliine e yRGaaahedemiifdd

. hexane. .Exanple 4. aration of Crystalljne i
using TR T PP G 4P BT SRR ST > B Eodpeting of
percé&ﬁ rerré,uvahnmcdﬁyf(iym fRORCEY, taD5% AE1 %, £1504 REShISdIBILleL,
nmL of isopropanol %I (Eor%{was charged. A slurry was

maxw%‘gf:@at P Addig 825% g ant PleBUsteresis upaR despyption, was

obseRRAPAHAD vkt Rsd R t&; m@%as Jhsved urry was warned to a

tenperature of 45 0C. Methanesul fonic acid hydrate
[00026fd. 0 nihe cméalltq@éwyma wag detanised fohgve titpeolehilitiesy was
summ Elllzreﬂ RLb18E bGok O Tho &ﬁlﬂhﬁ)t%@ ’wef'é '(fe%rﬁlﬂ%d%Q nflﬁng gxcgsst Rlids
produce a thick crystalline slurr slhurry was
withfsplvendy as dmbiedt Tmmﬁe@lrwbt ol s QﬂIﬂeW@d hx)iltraﬁmcdsihe $upArnatant.
[ Vi e ke b at, 55
The %%%1?18%5[%8?%4 %t%iq \%l de egﬁf?%@t)%hlgﬁ I&gc\)/rglange I&ﬂ%(i gg?matography
(HPME)L glatilibatips bHSAG.8 me 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
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nmesyl ate (nmethanesul fonic acid) salt of Conpound 1

(180 ng) was isolated. It was determ ned that the
w@eoapstigdshd ne nesyl ate salt was unstabl e at 5 OBCT/US2009/045143

Exanpl e 5: Preparation of Crystalline Tosylate Salt of

Compound 1 (using a slurry nethod) [000200] To a 5-L

3-neck flask under an inert nitrogen atnosphere, 2.0 L

Exafblei 8 XREP3NObmpdfiA) 1 Was charged. A slurry was
r epared by addi 289 g of the amprphous free base of

[0008%HTp ounrReY BawprHfFastint baklegis oes elegird on & Siemens 3000

. L.Cr: aC 97..0. N

it LSRR R8GO UAAR) (Vo Bl PR 00 o
receiving skisur grgplegperondirg monvelsongpusiiedcingllgiod cgiidteiThh

N

softveary sded fdri dae collention wad Déffiat Plus XRERSohinhiider €213 Andd wrsigdvere

with | PA (2.x 50 . s | PA was r ved fromthe
st g ek EsiRe DO PR i {OARF Sgam-tw ough t he
[ooog@Ke f crowddr eHples weWd pripdréiBasTRt plde spQthéisiising. ﬁproximately

wei g{}t-percent (W % of IPA the cake was further
35 mgof g PP VSR RaREdi iRt @garibt fub empelishesh gio bRekerrd
s10fdilicon Wdfa! T8 spTt diad Yorda i Ors GRHOpIAE dbind VUL Sis. ThEdetails of
( %glzenre.tai nedSO.9 W % of | PA th(g\)t was n%?l fyﬁrfgt her 0
the detagaBesiopgret hi s met hod. Excess water was then renoved

fromth i o dry nitrogen through the cake

for 24 ‘%‘%&E?ﬂ%’eﬂoggy@te salt of Conpound 1 was

i sol at éHlem8zeaf.06rZthge powder (337 g). The isol ated

t osyl at Lt of ound 1 was crystalline with only

one obs(gorn\s“/a’g%0 tl6’?er'n%xg"élTSPell?bn-st oi chi ometric hem hydrate,
HighassodetionXyRagHowder Diffaytignapatens diefefcoAattddam A BiRRED)ARHd2

her. ravimetric (TG anal ysis, Exanple 6:
G@iﬁﬁ?@%ﬂﬂb&ﬁew%%%ﬁaﬂ}aﬂ%n Il &P @égwowe%émsa lgser
vided H¥dr&dose f%@ﬁdﬂ&%ﬁﬁbl@?&sﬂ_@gﬂng[agg Q283 I Qinfensiohal 3rdd¥6tctor. X-

flask under an inert nitrogen atnosphere, 1.7 L of
ray opfiesrangsts ahwisingly Gobegdmuyligayey mirronsgupled withepinkelecollimator of
0.3 sarged. P-tol uene sul fonic acid nonohydrate (2099)

and t he anorphous free base of Conpound 1 (556g) were
[0002@fded wWibelbeam idiveigence: te. theceffebtivsksizeof BistXaray bgam|oe dlre sample,

] eed ' f lat e

was iy £hACH 0 UATRLIN oo i AR ARY Bhfle -
deteatorydistaict bZ2(t ¢nowhhgives huiefifdveive 2Auangd ¢f8.DF — a7 Ralgpically, the

0.1 and net but.yl h 0. was added. . Th
sami b §en Gl b oL et s tnd oS e gres st dia
collebiiti 8ast@ADDS 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 to 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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produce a thick crystalline slurry. The slurry was
filtered and washed with a m xture of 1.1 L of

woreaobasssh and 1.3 L of nethyWbutyl ether follpuEtS1999/045143
nmet hyl -f-butyl ether (2 x 2.4 L). The tosylate salt of
Compound 1 was isolated as an orange powder. Excess
sol vent was renoved fromthe crystalline cake by

mostEtablé cigstallie Pirh oOFeMpblHAAU dhe 5Bili6AdR1Yf STthe2dy Rl cSody e
cake was .then dried under vacuum at about 30 OC until

salt ¥gseeouliiteds cont ai ned about 6 wei ght-percent (wt 9% of

[000801Vent Sam gaé@ WA gnaly3ed f)&dfhE Wﬁfoxxﬁlﬁ% R¥lerb asé’ﬁpll:@ 'iIh Tity

about 45 until the solids contained |less t

profijgmethed pdnerpints (1. 9 4 weeks 6TapdnD).and énqnﬁm(aelé@ 8) for the
tosy fa{%%)ﬂlt %3 Osﬁliﬁd P&e&%&%ﬂ %y]a‘f@%lt *fé(b% line with the

o bserved form1 as determ y ‘X-ray powder
[000Q131f r acR4verseq- NMQD}IPLB@MMISWES capduetetsirg zSY MMETRY

SHIIS 26 Eaih 4 8 SRURE P b TP N b SRl gk Bt

or e@@aimt Mﬁlﬂmn would e egypectefl tdyild sBnilar r&uﬁs ThE.rdobile Bhéde

nd 24.5..[0002 taI i
compeds wEiE Gt FiriuoRn e VOO B P SRy o(@). The
mobﬂfﬂpﬂayéd:c&npd)@ﬁleﬁ wak b cedRAt thitaWérédsedfri8 B4 100 5VAB & B¥e rhfhutes,

nute. A weight |oss_of 3.9% was observed u

held 3t (%8 1060 T nerEBed Bos (o PHLaD I S DS, Dl fom 60%

to 90% Bllﬁl Bvo Wauls, HAMENhe éy@te;nlwascre )é&&lﬁlkﬂaﬂea 8t 60}9 %vﬂoﬁﬁo%r Rdlutes.
npound 1 was cal cul at ed

The ﬂ@\a ﬁf&? Was kP nldminuice ﬁ%ﬁhatwoﬁ mlma_m Wag w q ,uLt Fﬂhg colanpe
temﬂeﬁﬁfr@ %sglamué%{oat A€ %ft&%h v tb§ tigfr %g%ip ggsggémg@%ﬁg

1, the crystalline tosylate sa
The @teabbnatllfne forsakpounh i wabarpreximetelydom m'mmper Hhamasple solution

was PR Dt e Ppt S Kl AL ERL i SRR RTHERT o et ai 11 e

tosyl ate salt was det er mTabl Usi ng a symTetrl c vapor

SO M |a| y_'nr Rk i”"“"‘i’*""‘ s e Y aS—a
e AR ol Pl o
95 to 1% at 5% nt e(ls/\)(cll(s;/0 1o D (%) [0Ces) Al RX rrum

we| ghtmgigal n of 1& w|%oat] 9% ¥R, o [t hi S1 g.lm 98.4
hydieskesi s upon desqr ptijon, |was |observed] angd a 2 WM %
| osscdue to lPALs®AS cob)serN[ec.Nrﬁoaﬁ)JZOGﬂ.l Theicrystal | | ne
t osytcat eoosiakd wass detoaw i xed N | havie the| 8@l Lbidsisti es
supms & 7ok 1 Tak e |@.0hel gy @fo@pl upj || biep veghe

dez%ké ned UX NTXTNgexgess [sot wt-h—psotvent—at

amgLen terrpera{]ghre foQk | LU0 rb%rﬁzﬁof.f e DY 954

FiLE5ad k9@l N8 SURRRNALAN e loos| 11 |ous| es4
40°C&75%RH | 168 | 008 | ND |009[025| 11 |o016]| 983
4 weeks
5 oC 1.61 | 009 | 008 |007]023] 1.0 |014| 983

20 °C & 60% RH 1.84 0.10 | 0.10 | 0.12 {0.24 1.1 0.18 98.2
40 °C & 75% RH 1.96 0.10 | 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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The supernatant concentration was determ ned by

hi gh- performance |iquid chromat ography (HPLC).
weowoiiedspat i on of 56.8 ng of the subject crystBCT/U809/045143

tosylate salt in 0.5 nL water and 122.1 ng of the

subject crystalline tosylate salt in 1.0 nL water

resulted in clear solutions. The pH of 122.1 ng of the

subject crystalline tosylgipesgalt in 1.0 nL of water
was—determned to he 5 70 Tahle 6Exanple 8: XRPD of

Conpound 1 [ 3060 B Ray Powder Di f f r adP’C&7 et er ns
i g gBandrinegt édeton| a MR enen®otdDSQ0 et f | r 4kstoonet B2 U1 mepal
1me, omi<

&Rrir-ais t:dngamé 4%\{1ity4m1ty*"c gpng&) n cgﬂﬁluﬁf ' impurity | impurity

di ver gence d receiving _slits| a gra hi te
secandary %Xﬁ? @g&?“ and a_ s&Fhti?P R?ﬁTl—g Br?tsé'
Onitle |i AF6%uMeds% s| perf orneié® chedéed u(SQS%g 2.12%

3n@ﬁﬁtlni7¢ﬁ ﬁbwwum51@@dafﬁ6%f“' STedd7 )014%”'C qagi%v:“flz%
use collection was Dilffrac Plus XBD

*RH l V Jit
2 T ﬁfgﬁﬁ, '\thﬁlmﬁlq}egmglgeﬁc%m were anal yzed and

pre ented usin Abfe Av 11,0.0.2 or v

13.0.0.2. [000208] Powder saipl es were prepared as
fl at Thaomt specTatbng RRFi|FRT | AR | BRICTRRE| RRBS Corgpowid 11 he
sahpl e was g¢ Ht“P}ym?ﬁacq‘g%d G 7|94 | dadi th26 gut’7 il nt d%)
po ishgrl zeno ﬂ)f\ll r(r@)lrr{bNAgE'l(m ‘%!:)20%‘! t'( Al '&é@

Sallg s rtat et TS i Pddd faed
b detail s ¢ C [ are; L
2 5??4§6ﬁ tiep gfzeaﬁlg 2?&%‘?{1& ’i‘% 0tO?r
s/ § ep. g i Xy Pawdér
pat* ke cofl eqt®d |RPSa N Y0P | RS | @90 GADSS!
di BMedet onet er using Cu |[Ka rladi ation (40 kv, 40 mA) |
aupdrat ed XYZ st-éyge,| Mage¥D viodeo 02D ¢rioscope | f oms.3
aupRoGan R posi.81 oni Xy |axil | &.06l $t2an 021 diorensi onal
ar ga°aerecknl . Xsay |apsi|097¢onsi| tis | ofi1 a o3t Ngl es&dbel
nultllayer mrror coupied Wth prmhof e cof tTmator- of
mm_ [ 000209] The beam di vergence, i.e. the
[000§1‘3f] ect i Whe abpvealatsfdenivastiatasaet Bsdonybate-ahiof §ampble1d Iviastable
e R e T o 0 L R e SR TRIF 09, e
tosylafaisglhoffCangmuad 1 éf stabl atvenRtaen dea chedfrdm 0-°C2907C, orin a

range %Qm%&Jd Y50 °Hj Srina 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 control 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 {0.0.64| 0.77 | 0.83 | 0.93 | 1.19 | 1.26 | 1.77 (%)

o) | B | O3 | ) | B) | (W) | (%) | ()
Control | 0.06 | ND [ 0.08 | ND | 0.12 | 026 | 1.2 | 0.16 | 982
Exposed| 0.06 | ND | 0.09 | ND [ 0.13 [ 026 1.1 | 0.16| 982
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sanpl e woul d be exposed to the X-ray beam for 120
seconds. The software used for data collection was
WO2OD4Fer VWT 4. 1.16 and the data were anal yzRdI/EHSIH09/045143
presented using Diffrac Plus EVA v 9.0.0.2 or v
13.0.0.2. Exanple 9: Tenperature and Mi sture
Stability Study [000210] A stability study was
cted on tosylate salt and nmesyl ate salt of
Eaufi3K nd 1, by nonitoring changes in the high
performance |iquid chromatography (HPLC) inpurity
pr Base ggli¢don thearhwilkeeognizerrr g plls édlascertajmmsing i more than
. . . ] C e
routipE ERERALILE, FAA PhuBiA L i SRIRL LR heG AR,
desculpadthendin. e¥lick nylivaentent sutended to tpeenedraphs{ed bY@ e sc@fk Ethe
folloari]nd d q%sr el ative humdity, and 40 OC and 75% rel ati ve
hum |{ny'. After two weeks, the crystalline tosylate
sahll pusasts,ateit applieiohs) abelitcfa@i® sdfersicabtifdhedest ab hérdisy
formof Conpound 1. The stability study of the
eXpr?F&é?%’moFﬁng'?yo@ FFE salt was continued. [0002 11]
Sanpl es were anal yzed by the followi ng reversed- phase
HPLC i npurity profile nethod at time points 0, 1, 2, 4
weeks (Table 7) and 3 nonths (Table 8) for the
tosylate salt; and 0, 1 and 2 weeks for the nesylate
salt (Table 9). [000212] Reversed-phase HPLC anal ysi s
was conducted using a SYMMETRY SH ELD RP 18 col um
(4.6 x 250 mm 5 pmparticle size), although analysis
using a simlar or equivalent colum would be expected
to yield simlar results. The nobil e phase conponents
were 0.01 M ammoni um acetate in water at pH 3.3 (A
and acetonitrile (B). The nobil e phase conposition was -
a gradient that increased from6%to 15%B in five
m nutes, held at 15% B for 15 mi nutes, increased from
15%to 60%B in ten mnutes, then from®60%to 90%B in
two m nutes, and then the systemwas re-equilibrated
at 6% B for four mnutes. The flowrate was 1.0
niL/mnute, and the injection volunme was 10.0 nL. The
colum tenperature was mai ntained at 30 OC. Detection
was by ultraviolet light (UV) at 280 run. The
retention tine for Conpound 1 was approxi mately 15.7
m nutes. The sanple solution was prepared in nobile
phase A to a final concentration of 2.0 ng/nL. Table 7
*RH denotes relative humdity
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** Total inpurities included all inpurities in a

specific batch *** RRT 1.26 denotes beta-epiner. Tabl e
W@2009RE350enot es rel ative humdity ** Total i npRCT/UB289/045143

included all inpurities in a specific batch Table 9

[ 000213] The above data denonstrates that the

tosylate- salt of Conpound 1 is stable when stored
Clainsfri gerated and/or 20 0C & 60% RH conditions for at

| east four weeks. The tosylate salt of Conpound 1 is

stable at tenperature in a range fromO 0C - 70 0C, or
1. i NAQrysaNgR f6inmoef Coifound 0 0C, or in a range from20 C

- 30 0C. anple\;q/ Photostability Study [0002 14] A

photost: ity sgdﬂy was conducted on the tosylate

salt o paund: ] wo sanpl es were prepared in clear
:><ggass Pet |One sanpl e was wapped in al um num
N SerweNgs: opt¥8l sanple. Both sanples were
pl aced pp - 2000 Envk {onnental Light 10 Chanber
and exposed to 12 kI|O|UX Jf cool white fluorescent

Ilght for a total of 47 hours. Sanples were then
an rity profile nmethod, and the
2 re§6 ﬁ%s é ?E ‘g@gd in Table 10. Table
10Equsakénts Thoge skilled in the art will recognize,
or be afjle td s%ertab@ using no nore than routine
[ i qui valents to the specific
dsndescri bed herein. Such
eqU|vaIr enued to be enconpassed by the
scope offtHe fBTIéMAn@ cl&Dms. Al patents, patent
applications, and literature references cited herein
are hereby expressly incorporated by reference.d ai ns
3. 1. Aprystallse form ofdhd witef oinCdnpound 1: 2. A tosyl ate
salt of Conmpound 1: 3. Acrystalline formof the salt
of claim2. 4. A polynorph of the crystalline form of
4. cl AipnlyBorphhd theeodreatal ieedfobny o Belaidt 3, aliarpaevized by an X-ray power

diffraction pattern substantially similar to that set forth in Figure 8.

5. The polymorph of claim 4, characterized by an X-ray powder diffraction pattern
including peaks at approximately 8.06, 13.02, and 18.83 °20 using Cu Ko radiation.

6. The polymorph of claim 4, 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
Ka radiation.

7. The polymorph of claim 4, 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 °20 wsing Cu Ko radiation.

8. The polymorph of claim 4 obtained by crystallizing the tosylate salt of Compound 1:
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diffraction pattern substantially simlar to that set

forth in Figure 8. 5. The pol ynorph of claim 4,
W@hb@paerser i zed by an X-ray powder diffracti on PEr/Us2009/045143

i ncl udi ng peaks at approximately 8.06, 13.02, and

18.83 2Qusing Cu Ka radiation. 6. The pol ynorph of

claim4, characterized by an X-ray powder diffraction

patterhwrﬁcludlng\@éaks at approximately 8.06, 11.41,

: : 54, ghd 24.53 2Qusing Cu Ka
agi at T ThE l'ymorph of claima4, characterized

:><£y 5 naction pattern including peaks

at appr axi nat e

 15.58, P8 €3, ?% % afld 24D53 2Qusing Cu Ka radi ati on.

fronBisogidfade@! ynmor ph of claim4 obtained by crystallizing
the tosylate salt of Conpound 1:fromisopropanol. 9. A
met hod of preparing a stable crystalline tosylate salt

> Gidd ‘fﬁ@f&“}%@*@;%%?é%'%&%ﬁﬂ% AR ol ven

or conbinati on of™s0l vents to forma first sol ution;
di ssol vi Ht o) Hie esghfonic acid in a second solvent
r m* ﬁ vents to forma second sol ution;
:><Zn" QAN DENS £ i Hand second solution to forn1a
third sgl utl on, The n? hod of claim9, wherein the
first solvent 8r conb?nat n of solvents and the
“m@@ﬁnn@ﬁw@gay@ﬁ&mﬁg conbi nati on of solvents are the sane

or different, 11. The nethod of claim9, wherein the
f i fisoldRsrirerhese Compewnd binradirahfalvertor sersbiation of solvents to

COfghth A3t QBudn; SOl vents are each independently a

conmbi nati on of ~al coholic solvents. 12. The method of

c| ¢isselving p-iofucpesuiorig e¢id dontsicert Jobienigdr cembinatinnsofisglvents to

i c inati on of two al coholic sol vents.

19%%@%5&%@?%Mgﬁg¥9@fain112, wherein the two al coholic

s odonthmisg seidfinst drdrse¢ond noluiisotorfopanthird sdlatioThe net hod

of claim 13, wherein the ethanol and isopropanol are

at a volune-tovolune ratio of 2 to 1.15. The net hod of
10. cl Bhem&@hodndfetaim 9, eaahindmnistsatveator@abmbdmbi@ndfSolvents and the

es a ohol jc )
secon({3 sn?ventS or com 1na!10n (bfosoivents are the same or different.

11. The method of claim 9, wherein the first combination of solvents and the second

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

12. The method of claim 11, wherein each combination of solvents is independently a

. combination of two alcoholic solvents.

13.  The method of claim 12, wherein the two alcoholic solvents are ethanol and

isopropanol.

14.  The method of claim 13, wherein the ethanol and isopropanol are at a volume-to-

volume ratio of 2 to 1.
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solvent and an anti-solvent. 16. The nethod of claim
15, wherein the al coholic solvent is nethanol. 17. The
woreionoesed cl ai m 15, wherein the anti-sol vent PGI/US2009/045143
selected froma ketone, an ether and an ester. 18. The
met hod of claim 17, wherein the ether is
nmet hyl -t-butyl ether. 19. The nethod of claim?9,
15. whEhemathedofclamhiwhateirosck torbisthatdn tof sd1@hy doBBSises an alcoholic
I n§tQﬁ$€I.Q&ﬂlnethyl-t-butyl ether. 20. The nethod of
Solveyt &t U-SpHERei n” t he met hanol and met hyl -t - but |
ether are at a volune-to-volune ratio of 1 to 1.2. 21
The nmet hod of claim9, wherein the p-toluenesul fonic
16. 5cThe msthed olglawd 5 whergindholerhobe salyapiszsethagolrs wt %
relative to the amount of said Conpound 1. 22. The
met hod of claim9, wherein the p-toluenesul fonic acid
17.j sThawétherbel dlaimal 5§ whereinftheansi-soblentan ededtddoining a &etouk, an ether
and APRRPydrate. 23. The nethod of claim9, further
conprising adding a form1 polynorph tosylate salt of
Conmpound 1 to said third solution to forma fourth
solution. . 24. .T t hod, of clai 3, erein the
18 ¢ otﬁet et %‘fﬁl%ﬁﬂﬁo‘fv ot iy ‘Bgtb}%“té‘}“i% F{hﬁb. 25. The
met hod of claim 24, further conprising drying the
slurry. 26..  A.pol ynorph of tosylate salt of Conpound
19. 1. ngﬂﬁ%Fth%fgofé&@glr9dwharetn&affh@waﬁlea ofgolyenigicemyrises pethgnol
and RBEYIEGEHtineal conposition conprising a crystalline
salt of claim3 and a pharmaceutically acceptabl e
di luent, excipient or carrier. 28. A pharnmaceutica
20. COMMARkbO EANG! Shittin'hEmBRlMATRIC Al ) Qi 306 2
pharmaceutically acceptabl e diluent, eXxcipient or

voluggte-velpme 2ajio ofddo pRar naceut i cal conposition of claim
28 wherein said polynorph is in a pure form

21.  The method of claim 9, wherein the p-toluenesulfonic acid is provided in an amount

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

22.  The method of claim 9, wherein the p-toluenesulfonic acid is provided in a form of a

p-toluenesulfonic acid monohydrate.

23.  The method of claim 9, further comprising adding a form 1 polymorph tosylate salt of

Compound 1 to said third solution to form a fourth solution.

24.  The method of claim 23, wherein the fourth solution forms a slurry upon stirring.

25.  The method of claim 24, further comprising drying the slurry.

26. A polymorph of tosylate salt of Compound 1:
~n ~n
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obtained according to the method of claim 9.

27. A pharmaceutical composition comprising a crystalline salt of claim 3 and a

pharmaceutically acceptable diluent, excipient or carrier.

28. A pharmaceutical composition comprising the polymorph of claim 4 and a

pharmaceutically acceptable diluent, excipient or carrier.

29. The pharmaceutical composition of claim 28 wherein said polymorph is in a pure

form.
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