TI TLE A TETRACYCLI NE METAL COVPLEX I N A SOLI D DOSAGE
FORM CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
wWa@ppbiozsaes on cl ains the benefit of U S. Provi sSPOIEE2006/002070
Application Ser. No. 60/646,357 filed on January 21,
2005. BACKGROUND OF THE | NVENTION Fi el d of the
I nvention [1l] The present invention is directed to a
netal conpl ex of the conpound of Fornmula (1). More
particularly, the present invention is directed to a
solid dosage formof a netal conplex of a tetracycline
of Formula (1) and the nethod of making such solid
dosage form Rel ated Background Art [2] Tetracyclines
are well known antibiotic conpounds that have been
effectively used in the treatnent of vibrio
i nfections, grampositive, gram negative, aerobicand
anaer obi c bacteria, as well as spirochetes,
nmycopl asmas, rickettsiae, chlanydi ae and sone
prot ozoans. Tetracyclines work by inhibiting enzynme
reactions of bacterial cells, such as protein
synthesis. It is comonly used in the treatnent of
bacterial infections caused by these organi sns, such
as urinary tract infections, upper respiratory tract
i nfections, acne, gonorrhea, chlanydia, anthrax, |yne
di sease and others. [3] Wen adm nistered orally,
tetracyclines are absorbed i@néggying degrees. For
exanpl e, 60-80% absorption i served for
denecl ocycl i ne, oxycycline, and tetracycline. Wile

doxycycline and 1 GoyELLRF RESARIRY 6%t M oher

level of IN A SOLID DOSAGE FORM

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Ser. No.
60/646,357 filed on January 21, 2005.

BACKGROUND OF THE INVENTION

Field ;)f the Invention

[1] The present invention is directed to a metal complex of the compound of
Formula (I). More particularly, the present invention is directed to a solid dosage
form of a metal complex of a tetracycline of Formula (I) and the method of making

such solid dosage form.

Related Background Art
[2] Tetracyclines are well known antibiotic compounds that have been effectively

used in the treatment of vibrio infections, gram-positive, gram-negative, aerobic



about 90% [4] It is widely held that tetracyclines
shoul d not be taken sinmultaneously with iron

waapphesyent s, nultivitam ns, cal ci um suppl emreneGT/US2006/002070
antacids, or |axatives. Many believe that the efficacy
and absorption of the tetracycline in the body
decreases when taken sinultaneously or in conjunction
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tetracycline netal conplex is extrenely difficult.
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pharmaceutical suspensions may be prepared using the calcium salts of
tetracyclines. The process taught by Villax uses methanol, i.e., an organic solvent.
While the use of an organic solvent is not uncommon in preparing
pharmaceutically active ingredients, it is generally preferred not to use them for
preparing a solid dosage form. Therefore, the process disclosed in Villax for
isolating deoxytetracycline salts would likely contain residual solvent, thus making
this process unacceptable for producing a solid dosage form suitable for
pharmaceutical administration.

[6] Currently, only a suspension of a calcium salt of a tetracycline is available.
Pharmaceutical suspensions, however, often suffer from a lack of patient
compliance. In addition, many individuals do not prefer a liquid dosage form and
find it inconvenient to use.

[7] However, making a solid dosage form of a tetracycline metal complex is
extremely difficult. Processing hurdles exist and have not been adequately

resolved. For example, a method of collecting the tetracycline metal complex from



desirable to effectively produce a solid dosage form
of a tetracycline netal conplex. SUWARY OF THE

wO DERTIOEN [ 8] The present invention is directRdr/Us2086/002070
solid dosage formof a netad conplex of a tetracycline
of Forrmula (1) for pharmaceutical adm nistration, (1)
wherein Rk = d, N(CHs)2, or H R2 = CH3, H50r CH2=;
R3 = . : . = s W
orovi S phap (PR AT oo B ATbRglPihid ey
OH. [ 9psipblsioefdessvalpprodudeiarsglihdesegeforns ofipletxcyoline hefal
conpoggﬂp@£ Formula (1) in a solid dosage formis al so
included I n the present invention. The process
conprises the steps of (i) providing an aqueous

sol ution of the conpo
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conpo#ldTheprpent ivedntiyn Brlirededloatselid dsagaufoith bZ@sthetal ¢dnjplex of
adm xi_ng a_ net al.sal i.th.the agueous.sglution; (iii)
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aqueous sol ution, whereby a suspension of the netal ()
conpl ex of the congound of Forrmula (I),.s.formed after
steps (i) and (i105: &ad Rev) Sty nghﬁﬁ%)%uspensi on

of the netal conpl ¢ '
The process may i
nor e phar naceut
granul ation. Thg
step of drying TR
mayi nvol ve filling
conpressing the graé
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wherein

R; = Cl, N(CHj3),, or H;

R, = CHs, H, or CHy=;

R3; = CHs, H, OH, or absent; and

R4s=O0OHor H,

with the proviso that if R, is CH; and Rj is H, then R4 is not OH.

[9] A process for making a metal complex of the compound of Formula (I) in a
solid dosage form is also included in the present invention. The process comprises
the steps of (i) providing an aqueous solution of the compound of Formula (I) or a
physiologically acceptable salt thereof, where the compound is partially or
completely solubilized; (i) admixing a metal salt with the aqueous solution; (iii)
admixing a suitable base to increase the pH of the aqueous solution, whereby a
suspension of the metal complex of the compound of Formula (]) is formed after
steps (i1) and (iii); and (iv) drying the suspension of the metal complex of the
compound of Formula (I). The process may include the step of admixing one or
more pharmaceutically acceptable excipients to form a granulation. The excipient

may be added prior to the step of drying the suspension. A further step may



tablets. [10] In another enbodi nment, the process for
meki ng a netal conplex of the conmpound of Formula (1)

WO p008/0%8925 d dosage form conprises the steps of PCT/PS2006/002070
provi di ng an aqueous soluti#én of Forrmula (1) or a
physi ol ogi cal | y acceptable salt thereof, where the
compound is partially or conpletely solubilized; (ii)
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tetracycline of Fornu in a solid dosage formfor
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compound of Formula (I) for an effective period of time, to a host in need thereof.
[12] In addition, the invention includes a method for treating ailments resulting
from microorganisms and/or bacteria, comprising the step of administering a safe
and effective amount of a metal complex of a tetracycline of Formula (I) in a solid

dosage form for an effective period of time, to a host in need thereof.

DETAILED DESCRIPTION OF THE INVENTION
[13] For the purposes of the present invention, all percentages provided are by
weight, unless otherwise specified.
[14] The tetracycline metal complex of Formula (I) and the active ingredients of
the present invention are used in a “safe and effective amount.” This is understood
to mean a sufficient amount of a compound or composition that will positively
modify the symptoms and/or condition to be treated, with the understanding that

the amount is low enough to avoid serious side effects. The amount of the



[13] For the purposes of the present invention, all

percent ages provi ded are by wei ght, unless otherw se
wapweiofsoerl. [ 14] The tetracycline netal conpl eRCD1S2006/002070

Formula (1) and the active $ngredients of the present

invention are used in a "safe and effective anount."

This is understood to nean a sufficient anount of a
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conpl of Formula (1) selected for use. [16]

Tetrady esﬁggm?epresented by Formula (1) can be

conbined with nmetal salts, such as cal ciumchloride, (1

to produce netal nplexes. Formul a ( i S represented

by the structure (ﬁ wirer eRa AEJ L&CHSZ

wherein
= Cl, N(CH3),, or H;
R, = CHs, H, or CHy=;
R; = CHj, H, OH, or absent; and
Ry=OHor H,
with the proviso that if Ry is CHz and Rs is H, then Ry is not OH.
[17] An important aspect of the present invention is that the metal complex is
formed in accordance to a molar ratio of tetracycline to metal ion ranging from

about 3:1 to about 1:3. More preferably, the molar ratio is from about 2:1 to 1:1.



Rl= A, N(CHa)2, or HH R2 = CH3, H, or CH2=; R3 = CH3,
H OH or absent; and R4 = OH or H wth the proviso

W b@b/07§92R2 is CH3 and R3 is H, then R4 is notPCHUSI08&7902070
An inportant aspect of the fpresent invention is that
the netal conmplex is forned in accordance to a nol ar
ratio of tetracycline to netal ion ranging from about
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from about 2: present invention Is
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where Rl1= H R2 = CH3, R3 = OH, and R4 = H.

TETRACYCLI NE I n anot hey e mept, Feiggala (1) is
chlortetracycline wherege ergap%d( R2 g%)z

and R4 = H CHLORTETRA

enbodi nent, Formul a
H R2 CH3, R3 OH, a INE In still
yet anot her enbodi nen Rehacycline
where R1 d, R : H

DEI\/ECLOCYCLI NE In stil®H yethnot hﬁr e@bodl rrent

Formula (1) is methacycline where R = H R2

TETRACYCLINE
In another embodiment, Formula (T} is chlortetracycline where R = Cl, R, = CHs,

R3=0H, and Ry =H.

CHs OH N(CHs)2

I ‘ I ‘ CONH,

CHLORTETRACYCLINE

In yet another embodiment, Formula (1) is oxytetracycline where Ry = H, R, =

CHi, R3 = OH, and R, = OH.

CHs H OH N(CHs)2

l | I ‘ CONH,

OH
OH o 0O



: CH2=, R3 is absent, and R4 = OH METHACYCLI NE I n
still yet another enbodi nent, Forrmula (I) is

wo 2098098923 ne (N-Lysi nomet hyl tetracycline) whePE€I/B52086/002070
H R2 = OH R3 =CH3, and R4 = H. LYMECYCLINE In a
preferred enbodi nent, Forrmula (I) is mnocycline where
Ri = N(CH3)2, and R2, R3 and R4 = H M NOCYCLI NE [ 19]
The netal conplex of the conmpound of Formula (I) may
be, for exanple, a calciumconplex, a nmagnesium
compl ex, a sodi um conpl eRXYTEARACYXGHNEex, an al uni num
conpl ex, an iron conplex, a copper conplex or m xtures
thereof. Preferably, the nmetal conplex is a cal cium
conpl &xstil] yehpnqtier emberimintalrauiaiBtis ddnesclosydline ybbieRe = C1, R, =
netalEg@gpkﬁizgﬁRggqiconpound of Fopnula (1) undergo
substantially conpl ete conpl exation, where at | east
about 75% by wei ght of the tetracycline of Formula (1)
has conpl exed. Mre preferably, ay | eagfcrgbout 90% has
conpl exed. It should be¢ undersiodd, hdwever, that an

excess of the tetrac Fo net al
salt may be added td ex of the
conmpound of Fopnul a | w sdom
dictates that the pres » ; souTgenid th a
tetracycline conpound ' @ i nhibit the

absorption of the tetr@dtycl®ne. LPHerabure sources

advi se against the adm nistration of the tetracycline
with a calcium iron, magnesi um or zinc supplenment or
product. Surprisingly, h LOGHeLINK/ent ors theori ze
that the body can effectively absorb a tetracycline
froma netal conplex of a tetracycline conpound of

For muilastil et pnpther gobedimeidskogoulp @) iy methacycline where Ry = H, Ry =

CH,=, R; is absent, and Ry = OH.

H CH, OH N(CHs),
IlIlIH!!IIIHIlIIn )
o CONH,
OH o) OH o)
METHACYCLINE

In still yet another embodiment, Formula (I) is lymecycline (N-Lysinomethyl
tetracycline) where R; = H, R, = OH, R3; = CHj, and R, = H.



[22] Anot her aspect of the present invention is that

the solid dosage formof the netal conplex of the
w@oovposes of Fornula (1) can be engi neered to BXNUKIDG6/@02070

desired rel ease profile. Fo8 exanple, the solid dosage

form may be engineered to exhibit an i medi ate

rel ease, a controlled release, or a sustained rel ease

of the tetracycline compound @f FkormuincHz)). This may

be acconplished, for examplNe/ by nmegs ringgthe

di ssoci ation rates o ¢+ QUS~QELa gnpl exes of

the tetracycline co and t hen

carefully sel ecting based upon

its properties. Noreove nptexes nmay be

conbined to create thejdesiifled r gl profile. [23]

The solid dosage form 8f th& pref&nt i%hvention nmay be

a powder, capsule, tablet, coated tablet, aerosol,

pel l et, chewabl e tabl et, elatin filled

capsul e, and the like. [§&§i§ﬂ%§ maceuti cal dosage

formof the present invention may be fornul ated

togetgfr wi.th one qr nore pharnaceutically acceptable

carri & &Psferigd emBodipet, Hoyets (Dps wanoeyalise wherwRs = Y(Ebks)2, and

Sui t alp, erpharyeqgeut i cal | y-accept abl e exci pi ents

i nclude, but are not limted to, polyners, resins,

pl asticizers, fillers, lubricants, binders,

di si ntegrants, granul atchg agents, solvents,

co-sol vents, surfactants| preservatives, sweetening

agents, flavoring ageftrsy bufferinf

ant i oxi dants, pharnaceut| cal

m xtures thereof. [26]

i ncl ude but are not |

hydr oxypr opyl net hyl cel

MINOCYCLINE

[19] The metal complex of the compound of Formula (1) may be, for example, a
calcium complex, a magnesium complex, a sodium complex, a zinc complex, an
aluminum complex, an iron complex, a copper complex or mixtures thereof.
Preferably, the metal complex is a calcium complex.

[20] It is desirable that the tetracycline metal complex of the compound of
Formula (I) undergo substantially complete complexation, where at least about
75% by weight of the tetracycline of Formula (I) has complexed. More preferably
at least about 90% has complexed. It should be understood, however, that an
excess of the tetracycline of Formula (I) or metal salt may be added to form the
metal complex of the compound of Formula (J).

[21] Conventional wisdom dictates that the presence of a metal source with a

tetracycline compound can interfere or inhibit the absorption of the tetracycline.



Eudragit(r), methylcellul ose, ethylcellul ose, and
pol yvi nyl pyrrol i done or other commercially avail abl e

WO pdoam0Tsv23 | ng preparations. [27] Suitabl e pl ase¢TUE®NE)02070
include but are not |limted9to, polyethylene glycol,
propyl ene glycol, dibutyl phthal ate, castor oil
aceryl at ed nonogl ycerides, triacetin, and m xtures
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and/or bioactive agents.

[25] Suitable pharmaceutically-acceptable excipients include, but are not limited
to, polymers, resins, plasticizers, fillers, lubricants, binders, disintegrants,
granulating agents, solvents, co-solvents, surfactants, preservatives, sweetening
agents, flavoring agents, buffering systems, antioxidants, pharmaceutical grade
dyes, pigments, and mixtures thereof.

[26] Polymers that may be used, include but are not limited to,
hydroxypropylmethylcellulose (HPMC) alone and/or in combination with
hydroxypropylcellulose (HPC), carboxymethylcellulose, acrylic resins such as
Eudragit®, methylcellulose, ethylcellulose, and polyvinylpyrrolidone or other
commetcially available film-coating preparations.

[27] Suitable plasticizers, include but are not limited to, polyethylene glycol,
propylene glycol, dibutyl phthalate, castor oil, acetylated monoglycerides, triacetin,

and mixtures thereof.



t hi merosal , phenyl nmercuric acetate and nitrate,
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salts thereof, sorbic acid and

e salts thereof, chlorbutanol, benzyl alcohol,
thimerosal, phenylmercuric acetate and nitrate, nitromersol, benzalkonium
chloride, cetylpyridinium chloride, methyl paraben, propyl paraben, and mixtures
thereof. Particularly preferred are the salts of benzoic acid, cetylpyridinium
chloride, methyl paraben and propyl paraben.

[34] Antioxidants that may be used, include but are not limited to, tocopherols and
derivatives thereof, ascorbic acid, beta-carotene, selenium, sodium bisulfite,
sodium metabisulfite, ascorbyl palmitate, citric acid, catechins and derivatives
thereof, and mixtures thereof.

[35] Suitable sweeteners, include but are not limited to, sucrose, glucose,
saccharin, aspartame, sorbitol, xylitol, sucralose and mixtures thereof. Particularly
preferred are sucrose and sucralose.

[36] Buffering systems that may be used include, but are not limited to, potassium

acetate, boric carbonic, phosphoric, succinic, malic, tartaric, citric, acetic, benzoic,
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solution of a tetracycline of Formula (I) or a physiologically acceptable salt
thereof, where the compound is partially or completely solubilized; (ii) admixing a
metal salt to the aqueous solution, (iii) admixing a base to increase the pH of the
aqueous solution, whereby a suspension of a tetracycline metal complex of
Formula (I) is formed after steps (ii) and (iii); and (iv) drying the suspension of the
tetracycline metal complex of Formula (I). Additionally, one or more
pharmaceutically acceptable-excipients may be admixed, before, during, or after
each processing step.
[41] Examples of the physiologically acceptable salts, include, but are not limited
to, hyclates, monohydrates, carrageenates, hydrochlorides or phosphates of the
tetracycline of Formula (I). The tetracycline of Formula (I) or physiologically
acceptable salts thereof are partially or completely dissolved in an aqueous

solution. Any suitable means may be used to dissolve the tetracycline of Formula
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ydroxide, barium hydroxide and the like; and ammonium hydroxide. Alkali metal

or alkaline earth metal salts suitable for forming pharmaceutically acceptable salts
can include anions such as carbonates, bicarbonates such as sodium bicarbonate
and sulfates. Additional suitable bases include for example, triethanolamine,
diethanolamine, monoethanolamine, triethylamine and mixtures thereof.
[45] The base is added in an amount effective to form a suspension of the metal
complex of the compound of Formula (I). Generally the addition of the base raises
the pH of the solution to a pH range of about 2 to about 14, preferably about 5 to
about 10, and most preferably about 5 to about 7. Several factors are used to
determine the amount of base that will be added, including the pH of the aqueous
solution, the pKa(s) of the tetracycline, and the equilibrium constant of the
tetracycline metal complex.
[46] The suspension of the metal complex of the compound of Formula (1) is

formed after the addition of the metal salt and the suitable base. It should be
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[49] This embodiment, however, utilizes an excipient to assist in forming a wet
granulation. The inventors have discovered that an excipient, e.g., microcrystalline
cellulose, can be used to absorb and adsorb the moisture in the suspension when
admixed with the suspension. The result is a wet granulation or slurry that has
about 5 wt.% to about 99 wt.% water. Preferably, the moisture in the wet
granulation is about 25 wt.% to about 60 wt.%.

[S0] One or more pharmaceutically acceptable-excipients can be admixed in either
process during any of the process steps. Moreover, excipients can be added in
more than one step.

[51] The wet granulation may be dried by tray-drying, fluid-bed drying, decanting,
evaporating, freeze drying, a combination thereof, or by other processes known to
those skilled in the art.

[52] To ensure that the solid dosage form is suitably stable, it is desirable that the
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56] In a preferred embodiment, the tablets are chewable tablets. Moreover, the
inventors have discovered that the insoluble nature of the metal complex helps
mask the unpleasant taste of the tetracycline compound of Formula (I). Typically,
these compounds are known to have an extremely bitter taste.

[57] In addition, the solid dosage form of the present invention may contain
additional ingredients. For example, the additional ingredients may include natural
and artificial flavors, sweeteners, colorings, coating excipients, binders,
disintegrants, lubricants, and the like.

[58] Excipents such as binding agents, for example syrup, acacia, gelatin, sorbitol,
tragacanth, or polyvinyl-pyrrolidone; fillers for example lactose, sugar, maize-
starch, calcium phosphate, sorbitol or glycine; tableting lubricant, for example
magnesium stearate, talc, polyethylene glycol or silica; disintegrants for example
potato starch, or acceptable wetting agents such as sodium lauryl sulphate, may be

included to facilitate the formation of the tablet. In addition, coatings may be
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treated using the present inventi on. The net hod
EXAMPLE 1

[61] 83 grams of minocycline hydrochloride was added to 248 grams of water.

Hydrochloric acid was then added to adjust the pH to less than 1. Next, 37.3 grams
of 40% w/w calcium chloride solution was added. The solution was then mixed.
This step was followed by adding 130 grams of 5N sodium hydroxide solution.
Addition of the base, formed and precipitated a minocycline calcium complex

suspension, which had a final pH in the range of from about 5 to less than about 8.

EXAMPLE 2
[62] 600 grams of microcrystalline cellulose is added to a suspension of
minocycline calcium complex made following the procedure of Example 1. The
suspension is mixed to form a wet granulation. The wet granulation is subjected to

a drying operation using a tray dryer until the moisture content is less than about
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haenophi | us ducreyi, yersinia pestis, franC|seIIa

tularensis, vibrio chol er aeg 5\’['1919% Campy!l obact er
f et us, bartonel | a bacilli form S ymTat obacterium
gr anull@tietieproduie pf Bxozm@ah &. folldveedrve fdrmd: mihotyictiad eubiim

[ re ad nlster nd ef tjpve
oountoBRes R b En G SRS TR R BR0nfd BF
Fgg‘]pl gnncﬁqychmrtabﬁmemmm@c thaiis fbdn@f rdﬁtllurﬁg anEu)W%kaEthﬁcan The
ra chl ori de was
LoD Lt AR i S B ety i My e s about

added StWI %a.dThisdriddheanldtibois |tl&ﬁfpa§sbdifl}1rdugh Blendtl, to 3edude the particle
gr anms e sol uti on was_added.

40% w.w cal ci um chl or.i
Thas of e ARG P S SHHPE R Btopapl g sashym.
addi ngIeil;BQ g@ﬁ@ﬂﬁn&ﬁgn&fﬂnﬁﬁ@ﬂréimsﬁﬂﬁgd%ﬂ dRngsl 1Htto|tEé1m1xture The
Addi ti.on t he bas fornmed and precipitated a
m noc ¥Bi gl?fl%ll%’é’lné‘? 'S f Elsdoniewize 18 Ba gplain capmyless Wieig each capsule
final cpithih§)50 MG of AN@LydHhef rom about 5 to less than
about [685] It should be understood that different levels of minocycline may be delivered

in capsule form.

EXAMPLE 4
[66] 83 grams of minocycline hydrochloride was added to 248 grams of purified
water. Hydrochloric acid (37% w/w) was then added to lower the pH to less than
1. Next 20 g of calcium chloride dihydrate was added and mixed. This step was
followed by adding and mixing 201 grams of 20% w/w sodium hydroxide solution.
Addition of the base formed and precipitated a minocycline calcium complex
suspension. The suspension that was formed had a pH reading of 12. Next, 42
grams of HCI (37% w/w) was added and mixed. The final pH of the suspension

was 7.



EXAMPLE 2 [62] 600 grams of mcrocrystalline cellul ose
is added to a suspension of mnocycline cal cium

wae eovplozse2irade fol | owi ng the procedure of ExanpP@r/LS20061@2070
suspension is mxed to forn7a wet granul ati on. The wet
granul ation is subjected to a drying operation using a
tray dryer until the noisture content is |ess than
about 5% w w. The dried grangkaPigks then passed

through a ml|, to reduce the gartic[e size of the
gr anull®lli g efgrescyaetipseisedigm aad §1 & misrecrysipllinpedellvlgse are added

into ' , '
Jo B leb&s%%é%ﬁ%ﬁg?%{ﬁh c&ﬁgﬁm cofapftk MiBe ?{}Itog?l%}ﬁébfdg@dure of

Stearate is a ended into the m

Fi nal IBEANREE diog EFAMEIE 4 oRsrsaspsasgion i§ frixedb fermsa wet

cont alyhdudS 10 o ofEhBRBKAL LcrcB) LBlGE B uiED
be cogggd @Atﬁﬁg ffﬁn1cod¥ﬁndlﬁfgg] ?t sho Igﬂg%uéaf fluid
under Yebéaer il the infofisyre pentérd iedpss thoh ahdui Geyeiw. iBherreipd be
del i vey. j: 641 T re..
of | Exarfiahih b Aot bl B PTG odu ok pliic BF AE B Bon
conpl éxa pEOdegrizerwitdfie for onbiog yee abdlidriesage fdrul. et 130 grams of
t hen mj. L ' l i cal.ci.um conpl ex.t.hat
B e R PR
gr anulbatdding asl Wendeg 2 gramas the@gsicmysesarateniniol the féxture. Finally, the
noi st ur.e,. cont en h

granuﬁg%?%ﬂsf%ﬂgﬁ%ﬁi%%%%@%Q?ﬁyﬁﬁ§§5%§w§%r%&g%§$%%Li§QMbhm
t he parayitlnebeabated@ithn ibkaitingn to a particles size

it King into.a | id.dosage.for Next, 2.
or ame o RN et Bl R Rae s8R S R dhng B th (givered

t he mixtabkeforthe dry granulation is then filled into
size 00 hard gelatin capsul es, where each capsul e
contains 50 ng of m nocycline. [65] It should be
understood that different |gxah$pok ¢m nocycline nmay be

delivered in capsule form ,
[69] 15 grams gf croscarmellose sodium, 30 grams of starch, 4.5 grams of citric

acid and 150 grams of microcrystalline cellulose are added to a suspension of
minocycline calcium complex made following the procedure of EXAMPLE 1 or
EXAMPLE 4. The suspension is mixed to form a wet granulation. The wet
granulation is subjected to a drying operation using a fluid bed dryer until the
moisture content is less than about 5% w/w. The dried granulation is then passed
through a mill, to reduce the particle of the granulation to a particles size suitable
for making into a solid dosage form. Next 150 grams of microcrystalline cellulose
is added and blended into the mixture. This is followed by adding and blending 2
grams of magnesium stearate into the mixture. Finally, the mixture is compressed
into tablets containing 100 mg of minocycline. The tablets may then be coated
with a film coating.

[70] It should be understood that different levels of minocycline may be delivered

in tablet form.



EXAMPLE 4 [66] 83 grans of m nocycline hydrochloride

was added to 248 grans of purified water. Hydrochloric
W@e00d/0(079% W W) was then added to | ower the pHECDUF®E&002070

than 1. Next 20 g of cal ci um chloride di hydrate was

added and m xed. This step was foll owed by addi ng and

m xi ng 201 grams of 20% w w sodi um hydroxi de sol ution.

Addi tirpn whild ﬂl@ iR@agonl Ak H@eq REGLR A PWHRIE fre to specific

m nocycline cal ci um conpl ex suspension. The_ suspensi on

t hat REbodiBens gerrad itis prrarcabiipirgenyfchampes, ppodificatignscands

of HC

of He ng(é%%ﬁ %%\Aé%éﬁé m&ﬁqe%?@ g[r@éa;fﬁlf élmﬁmie' ddepPHs@bsed

cr osc&eieel |Arserdighi, ing iateddeing elgbmmlbwplyshaagd:ss medifications, and

cell u'vgﬁﬁlo% a@fgﬁ Qgthfnchl p%%ﬁ@ B &)Qco %ﬁ#&d%?alms. All

cal ci um conp ex ma ovv| ng th ocedure o

EXANPIpEtent appli@NaPpateds, ale@h@ersblmsmwmtﬁéhmin et ib@rporated by

form latiqQn. The wet granulation is

subj e??%\%h%egﬁg{égreﬁllﬁ "operation using a fluid bed

dryer until the noisture content is |ess than about 5%

w w. The dried granulation is then passed through a

mll, to reduce the particle of the granulation to a

particles size suitable for nmaking into a solid dosage

form Next 150 grans of microcrystalline cellulose is

added and bl ended into the m xture. This is foll owed

by addi ng and bl ending 2 granms nagnesi um stearate into

the m xture. Finally, the mxture is conpressed into

tabl ets containing 100 ng of m nocycline. The tablets

may then be coated with a filmcoating. [68] It should

be understood that different |evels of mnocycline nay

be delivered in tablet form EXAMPLE 6



[69] 15 grans of croscarnell ose sodium 30 grans of
starch, 4.5 granms of citric acid and 150 grans of
wor@esoteyst al | i ne cel |l ul ose are added to a SuspenEs®NG/002070
of m nocycline cal cium conplbex nmade foll owi ng the
procedure of EXAMPLE 1 or EXAMPLE 4. The suspension is
mxed to forma wet granulation. The wet granulation
i s sukjggiredctamaedgi ng operation using a fluid bed
diyer until the noisture content is |ess than about 5%
w w. The dried granulation is then passed through a
mll, lt & yobiddesese feempsampiighga oetal ¢tpmplgxad alcampemdiod Fermula
partl king into a solid dosage
form %ﬂkie rﬁiaégacgﬁgﬁsﬁ%fpmrgn@%?ggr ystalline cellulose is
added and bl ended into the mixture. This is foll(@wed
by adding and bl enging 2 grams g rmgnq\js(b Sstearate
into the mxture. kinalT3 Rhe ture S rrpressed

tabl ets may the

It should be unerstod t hat |di ffer 3

m nocycline may| be dellivered |ntablet forn [71] Wi le
3 R > w\J ef erence

to specific enbodiy of Y1t li sy@ppar extONHAat

many changes, nodi f and| vaPfatj ons can be

made w t hout deparping frogm t he gyventicye concept

di scl osed herein. Accordingly, it is intended to

enbrace all such changes, nodifications, and

vari atypeps, that fall within the spirit and broad scope

of the appended clains. Al patent applications,

pat enffs = (ﬁnﬁ(QﬂBWe?r%ubl ications cited herein are

i ncor @%g@}@}deyr(fﬁf_er ence in their entirety. WHAT IS

CLAI ME > A'solid dosage form conprising a netal

conpl & =¢i:atlc@hpeaeensfandor nul a (1), for

phar "‘P<49—~L5111 8{"1{, adm ni stration, (I)
with the proviso that if R; is CHz and Rj3 is H, then R4 is not OH.

2. The solid dosage form of claim 1, wherein said metal complex is selected from
the group consisting of a calcium complex, a magnesium complex, a sodium
complex, a zinc complex, an aluminum complex, an iron complex, a copper

complex and mixtures thereof.

3. The solid dosage form of claim 2, wherein said metal complex is a calcium

complex.

4. The solid dosage form of claim 2, wherein the compound of Formula (I) is
selected from the group consisting of tetracycline, chlortetracycline,
oxytetracycline, demeclocycline, minocycline, methacycline, lymecycline and a

physiologically acceptable salt thereof.



wherein R = O, N(CHs)2, or H R2 CH3, H or CH2=;

R3 = CH3, H OH or absent; and R4 OHor H wth the
w@e@eiozs92i hat if Ris CH3 and R3 is H, then RAPCHUSING/002070

OH. 2. The solid dosage for2h of claim1, wherein said

metal conplex is selected fromthe group consisting of

a cal ci um conpl ex, a magnesi um conpl ex, a sodi um

conpl ex, 12 sgﬁd‘&bs%%h@éf ol 1alnﬂEPeﬁ1Hﬁ€ GHPBLKof tﬁ'@cdn{p%}l( of

conpl ex, a copper conplex and m xtures thereof e

sol i d Twgselsd) hevanclspsearrefilplnt is ihwedinte, coairelledperabistained.

conplex is a calciumconplex. 4. The solid dosage form

of claim2, wherein the conmpound of Forrmula (I) is

sel ectéedht seli dosegedpupl damsl, whemig Rof= NEiHE:acRet HhB; = H, and

chlorquqgcycllne oxytetracycline, deneclocycline,

m nocycl i ne, nethacycline, |ynmecycline and a

physi ol ogi cal ly acceptable salt thereof.5. The solid

ggﬁg? 27)( ngll? Q?;IPJ do%%xg% f{)n 1} ofhcmm 15 wﬂ?rglg Sa a9 & ol?n%?éjutxf:ﬂ gf)saigg form is

i mrediseleded frmnttlne@rbqthoumstugtﬁbmd&&j grafiuled hebledQ kbaded tablets,

dosage cl )2, R2 = H,
eﬁ?g?u “@S e*h%%'ﬁﬁwﬁﬁggégﬁe fopn of cl ai m

1 mhereln sald phapnaceutlcal dosage fopn is sel ected

Lo S, R OB B AP PP s SR Feacompoun o

pel | ettermélnd),chewabl e tabl ets. 8. A process for making
a dry granul ation of a netal conplex of a conpou&F of

R1 R2 R3 R4 N(CH3)2
H H OH
I l I CONH,
OH
OH O OH (0]

wherein
R; = Cl, N(CHj3),, or H;
R; = CH3, H, or CH,=;
Ri3 = CHj, H, OH, or absent; and
Rs=OHorH,
with the proviso that if R, is CH; and R; is H, then Ry is not OH,
in a solid dosage form, said process comprising the steps of:
(i) providing an aqueous solution of the compound of Formula (I) or a
physiologically acceptable salt thereof, where the compound is partially or
completely solubilized;

(if) admixing a metal salt with said aqueous solution,



Fopnula (1), (D wherein R = d, N(CHs)2, or H R2 =

CH3, H or CH2=; R3 = CH3, H OH or absent; and R4 =
wW@006/074R25 Wi th the proviso that if R2 is CH3 apdI/B32006002070

H then Ris not OH in a sdlid dosage form said

process conprising the steps of: (i) providing an

aqueous sol ution of the conpound of Fornmula (1) or a

physi ol ogi gaj :i(ﬂni_ﬂiﬁ‘aF 8BhRRS BicRBdelthd P 6LAId adiB&ESolbhiGh, whereby
compound is partially or conpletely solubilized; (i

adm xiiTgsPELTi ofi maefplicompler ok tip gomprvas aEFeraruly (Dgm formpd yfter
adm XisRgs @)BasEiit dad NCrease the pH of said aqueous

sol ution, whereby a suspension of a nmetal conplex of

t he conpoufi®) BYinEstifrsesaensiop, thereboforming afdnegrantletiss of fie)metal

and (lichinplex 8htle e&ﬂﬁouﬁﬁ}ﬂfﬁ&mﬁﬁi(ﬁ. suspensi on, thereby
formng a dry granul ation of the netal conplex of the

compound of Fopnula (1). 9. The process of claim 8,

wher eign T’*ﬁ@?gc&g %f”ﬁﬁ‘iﬁ{ O1Rfeid ﬁgﬂ sﬁ?ﬁeﬁgim? S’f'ER!{ {’:f‘l)éta.? é%nlié)q& of the
conpound of Fopnula (I') provided in step (Il s a

pH r afg@pend gbBenmute @pravidedtin $igp (ifiPhas Thpdl pngrodsbowd to about
claim@, wherein said netal salt is selected fromthe
group consisting of calciumsalts, nagnesiumsalts,
sodiumsalts, zinc salts, and m xtures thereof.

10. The process of claim 8, wherein said metal salt is selected from the group
consisting of calcium salts, magnesium salts, sodium salts, zinc salts, and mixtures

thereof.
11. The process of claim 8, wherein said metal salt is calcium chloride.

12. The process of claim 8, wherein said base is selected from the group consisting

of sodium hydroxide, triethanolamine, and mixtures thereof,

13. The process of claim 8, wherein said granulation has a moisture level of less

than about 10 wt.%.

14. The process of claim 8, further comprising the step of admixing one or more

pharmaceutically acceptable-excipients, prior to said drying step.

15. The process of claim 8, further comprising the step of admixing one or more

pharmaceutically acceptable-excipients, after forming said granulation.

16. The process of claim 8, wherein the compound of Formula (I) is selected from
the group consisting of tetracycline, chlortetracycline, oxytetracycline,

demeclocycline, minocycline, methacycline, lymecycline and a physiologically

acceptable salt thereof.



11. The process of claim8, wherein said netal salt is
calciumchloride. 12. The process of claim8, wherein
w@aiod/orsage i s sel ected fromthe group consi stiPQr/v§2006/002070
sodi um hydroxi de, triethandam ne, and m xtures
t hereof. 13. The process of claim$8, wherein said
granul ation has a noisture | evel of |ess than about 10
wt.% 14. The process of claim8, further conprising
the step of adm xing one or nore pharmaceutically
acceptldbilbe pigessppieinin 8, finther camprismig theditepiofly st ep.  15.
The proces I ; O hSleng - ep of
adm i g oRd OPPIE D by E RS RlohS kilhulg il
accept abl e-oexci pients, after form ng said granulation.
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tetracycline, chlortetracycline, oxytetracycline,

denecliqcygline. m-nocvel ine,. t hacycl.ine, | ycl i
and a 1§h§1§%‘°’6’ foocg?scoglcﬁl)}%{ g’cvc%heeb x) ]Ieé’ﬂ\és cﬁ?glf%ﬁg’rag%%gﬁésglﬁ'ﬂgtﬁe
pr oc essmpdundlod Fom8ila @uis s¢lertedcfeonp the rang cohsistiag ePa hfclate,

{abl oPBRORRE ety by h RS koo i,

granul ation. 18. The process of claim@8, wherein the

For it (aieimete R aCRhdde: e e e b CORBPLtl Hgscgtooynd of

hycl aFermut® (I e &Y ehe Eaelsageriate, hydrochl ori de,
phosphate, and m xtures thereof. 19. A pharnmaceuti cal
sol id dosage fopn of the netal conplex of the conpound

of Fonouhandthdd offReiEngBaclha IFEQLASSdilnfehBicMs8d byPactefia and
nmet hod .of treating bacterial infections and ailnents

caus e PUHPOBHEBT GAPENEE Hiect PR gani sms conprising the

step of: administering to a host in need thereof, an effective amount of a solid
dosage form comprising a metal complex of a compound of Formula (I) for

pharmaceutical administration,

@
Ri R, Ry R N(CH3),
H H OH
I l L I CONH,
OH 0] OH 0]

wherein

R =Cl, N(CHs),, or H;

R, =CH;, H, OH, or CHy=;

R; =CHj, H, OH, or absent; and
R4=0OHor H,



adm nistering to a host in need thereof, an effective

anount of a solid dosage form conprising a netal
w@eorvphese2of a conpound of Formula (1) for PCT/US2006/002070

pharmaceutical administrati®dn, (1) wherein Rl= d,

N(CH3 2, or HH R2 = CH3, H OH or CH=, R3 = CH3, H

CH, or absent; and R4 = CH or Hwth the proviso that

I f R2vith t%o@i@@th@glf RS isFEH L A8 R, A tRerVOis RSO, OT an

effective period of time.
for an effective period of time.



