10

15

20

25

WD 2008/ 029208 PCT/ | B2007/ 002199 1 USE OF POLYOLS TO
OBTAI N STABLE POLYMORPHOUS FORM5 OF RI FAXIM N

w@aokgeeend of the invention The active ingredP@nB007/002199

contai ned in medicinal products, can be available in
pol ynmor phous forns having ditferent chem cal - physica

roperties, as for exanple solubility and chem cal
LYOLS TOJOBTAINDSTABLE POLYMORPHOUS FORMS
roperties are critical for the in vivo absorption o
i’ﬁMﬂ ngredi ent, and consequently, for the
efficacy and safety of the product after
adm nistration in humans or aninmals. A |arge nunber of
scieptific papers is available on this topic. Sone

ar t i Backaground,of the ipventieskazosin (Sohn Y. T. et al .,
Arch._ Pharm Res., 10 2005, 28, 730-735); tranilast
(Vog¥he. &ctive ingredients:h gontaiged. jn Jvedjcinal, gsadeats, can be
cl? idogrel (Koradia V., et al., Acta. Pharm, 2004,
ayal 5@'? IR ROIYGOrPheUs e fOAMS having adifferent achenmoal-physical
Dev. .Techn?l., 200?, 9‘5\61? 419- 33); ketorolac (Sohn
PrEperties, as for axamplesgiyhilityand shemicalrstapjlity 357- 60) :
flucgnazol ,(Caira R, et .al., J. Pharm Sci., 2004, 93 )
(3 P86 MedinalsBigdusts Hotf teseopraperiiescars ciifigal for the in
) 003 56 -2 3-15),; t hyl |'i
vive; $BRarpih o they agive grediht, and Gehsdawantiy for the efficacy
- 1.41) . . For .t he abov ntj oned reasons, t he
aid salety 'Sk srodylcl B8R AdRRRISTrfion inchumrsal aoimake
mar kgt f | ¢k nal products requires, . informtiqgn
on thdaffe Bl B ShlerRiER pabrs Rorvelhiesoe tbi tapic. Some
u i ' edi,ents in the sqlid
aif{efes, e O ERBRBIR: ol LSBhRoTr a2 ohrih. Bhefm. Res.
Y pheyS74Mt k1l gt ugiign stage and . .
2005 28 "I30Trsh Miotindi( Ve B RE 8 Alon: Wiadtset. 2005,
0REY- AlAniHSA 058 e fr [, t
OBETABR), Iopisporeniiratla Vi il Ain, RS PR, 5443Y, 193
ety : . ol Rodr | ] 3B,
2017 gelecckablcrigNa G of SF P devTEEAHGE 28G5 0 Ta), 410
33 Hcetdrol O (BBAK 92°208a ArUPIORAAMOREY 2004, 27 (3), 357-60);
fluconazol (Caira M.R. et al., J. Pharm.Sci, 2004, 93 (3), 601-1 1);
piroxicam (Vrecer F. et al, Int. J. Pharm., 2003, 256 (1-2), 3-15);
theophylline (Airaksinen S. et al., Int. J. Pharm., 2004, 276 (1-2), 129-41).
For the above mentioned reasons the medical authority responsible
for the approval of the marketing of medicinal products requires
information on the properties and the production consistency of the
polymorphous active ingredients in the solid state: it is important to avoid
modification of the polymorphous form during the production stage and
storage of the pharmaceutical preparation. For this purpose, it is important
to select from among all the possible polymorphous forms those showing
the highest stability in time, as described by Rodriguez-Spong B. et al. in

Adv. Drug Deliv. Rev., 2004, 56 (3), 241-74.
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2 To obtain a nore stable polynmorphous form saline
active ingredients are often used, as described in

wa\dnws/oBrog Del . Rev., 2006, 56, 231-334. Rifar¢miBR007002199

an antibiotic belonging to the rifampicin famly,
available 5 in tablets, granules for oral suspension
and oi ntnent, marketed in Europe, 1in the U S A and
|n md®y eblain @umareesstakié apolymorphowsi formp Sakne  active
ynor phous forns a, (3 and y described by Viscom
redlerass afe. often |usemg$o®escrumaimAcx\2mg Betl Rv., 2006, 56,
620 131, (2003), and in the pol ynorphous f or ns
2§ s described by Viscom 10 G C et al. in EP

These pol ynorphous forns are very
}ﬁgg%ﬁ%ﬁ’%&% QB@ﬂtlﬁ?p% &y@lméngémthg nifenapicin family, available
ution grOX|nater ten tines and the
"b %’39{3? IQ{SFPF%%/“QH raf SHRPANAIAR aad mistment, macketeddn Europe,
descri bed by Viscom_ et al. in WO
g&mgﬂ‘ HHOPNY ORI COWNRERSes can have a st rong

d f et f 15 th
or oalRIAXIRI Sk EpiFi I e RolumerAUSS o, B2and y1described

bW%ﬁéwﬁ?é’ el 1 M A Bzudd” 2008 anads 7,045,620
Bi1o (ZOQRF e itfng bvgEBRSUR ot & ncce descabed by Viscom
Gi SinEF AILIE B, IRSHREHL 12000, ek Btiimagntiows dnetecare very
'“E*’?@%@r ReBaLEE, MBVC' (G %”d o1 e p i dissolution by
AfRRIaLe, (P RS SR, e BV L??D"&xseﬂ ESHmi by aimost six
eSS %@%Béﬁbﬂﬁgﬁgﬂ A WG 2005042 (2004)

T4 11 TR BN S B o sty o

e facturing of the medi ci nal WO 2008/ 029208
PCT/1B2007/ 002199 3
Moreover it is known from US 7,045,620 B1, (2003) and EP

1698630 (2005) that the rifaximin polymorphous forms can easily convert
into other forms depending on the possibility to acquire or to lose water.
These transformations can occur also in the solid state, because of
changes in humidity and temperature conditions. For example in
environments with a relative humidity around 50% or higher, polymorph a
converts into polymorph B. Another example is represented by polymorph
g, that can be obtained by drying polymorph 8, as described in EP
1698630 (2005) and that shows a twenty fold reduction of bioavailability
compared to the & form.

The different rifaximin polymorphous forms can be favourably used

as homogeneous and pure products in the manufacturing of the medicinal
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products containing rifaximn, as the efficacy and the
safety of the product can be nodul ated by using the
w0 c@hn2q208 ynor phous form The prior art all owsP€DIB2007/002199
under stand the inportance of _the production
condi tions of the nedicinal &wxhwts cont ai ni ng
rifaximn, which, in case 5 they are not opportunely
praghicts|icontaining rifaxiniondsthefficacy amsk thenaafety of the product
the rifaximn polynorphous fornms. Mreover, also
canhe medutatedsby sising the righbpalymerpindusaforpy. oduct
production and involving the use of water, for exanple
powd&he gorigruadtallows dadinderstand the imposiancer of the production
coating process with water as solvent, drying, 10 can
caditiops: ok the Imedicimalupradiicts rontainiaa gifaximiry, axhiehn in case
Also the, storage of rifaximn and of the_ nedicinal

theyoa R ot @RRArHINGJYi conterlledh can gre bndesirable: fransformations
o i bR P02 121510

advaMersRYEs s WOTGS Rhases: useedn dhe ARAGRaGedisal product
qu%@g&%%ﬁEﬁﬁ?&ﬁﬁ rnﬁﬁgﬂf{é’:‘é{aﬂ% .rkf%siﬁ %gnw(aqtri gorggzlulation
ufi8 By datiditons i 2o ging AP ress Wit Walehas savaTtadrying,
4 fERIY Bie BATRIRBOONEY FHR 6T 1toes BABRE R imtitin. Ao the
S48 o, G, BncCht Bhe rBRGIcL™ it RntSining X E6n cause
o578 Shebhiihn) BV Tl BB s time: thus
oS e B e b Bl VL L

L CAETReVRI Sl I actbffadiodE i 8 P8ttt poi

of WieR @ v(fPe{)b otd! 16rMEEIdY rifSihiH' Wter, conditions
extrrn, g € IFEE,

etc.); maltode extrin, Xantan gum and
lepbreft 16 b gy o g i wn e
whBlelr reRad\Pal Witid @ modifying the polymorphism.

We have surprisingly found, and that is the real object of the present
invention, that the addition of compounds having at least two hydroxy
groups, and hereinafter referred to as polyols, give stability to the
polymorphous form of rifaximin.

According to this invention, “polyols” means polyalcohols (such as
ethylene glycol, propanediol, butanediol, pentanediol, erythritol,
pentaerythritol, etc.); monosaccharides and polysaccharides, such as
fructose, dextrose, sucrose, starch, cellulose and derivates thereof
(hydroxypropy! cellulose, hydroxyethyl cellulose, carboxymethyl cellulose,
etc.); maltodextrin, dextrin, xantan gum and the like; di-hydroxy acid and

poly-hydroxy acids (such as malic, tartaric, citric acid, etc.).
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Chem cal conpounds represented by the fornmula | are

preferred: H[OCH(X)-CH2]n-OH (1) where X is
whyasoeens or | ower al kyl and n can range from BRCT/iB28@7/002199

or 5 1,2,3-propanetriol and 1, 2-propanediol. In

particul ar, when polyols ar e 4added to one of the

pol ynorphs of rifaximn, and exactly to pol ynorph (3,

t hi sChenyical pompounadsepresented by the dermala | are preferred:

crystalline formeven under those conditions known
until now in which t hebO«DEAQYsChg.eObbserved. After
drying, the water content of the 1o pol ynorph R of
rifaximn, disclosed in US 7,04h, 620 B1, decreases to
a percentage |ower than 4.5% by weight, and the
pol ywbep® X is bydragerear {ewepalkyi@nshn £anvange frem 1 to 20, or
polyols are added to rifaximn 13, the latter is
18, 3tprepapetiiohansh1i2-propanedial. wat er content of the
solid formis |ower than 4.5% noreover the storage
of tl Papigulacrwhenspolyels @facadded torene af thevpolymerphs of
.anmbient humdity. Anong the pol ¥rr_orphs of rifaximn,
r i; agd n@F%Ct{YeFG}/ RalymorphtB, thiscpelymarphpyst fgsm stoes not
absor hed Oft?%ilile%ﬁ?e pol ynor phous forns of rifaximn

change dts| ¢rys IR @venainder those conditiops known until now in
WhILAGHE Changes, waecerad AResdying, dhe ater saniaato the
poagret B bfimiar Slscleted fa U85, 345548 Bhevebmasss to 2
o348 B Toh 0SS LI B3P Gurioh 535 ertea o
DR g Y Bl e DR Bt & stable
= rerk o BEgEE WABEIS0R o et 5 v foan 4.5
GORUEE 88 P, A MERERGIATE PaehehBBl S, B retative
a,?#qe@ﬁtggf@%hamng pol ynor phs; therefore the use of

(3, which is the | ess absorbed, is very

advag fridEphs LS ritirfiRetRe ¥ ¥rm is very important,
RG0SR Allyrot

PCT/|
because it is the less absorbed of all the polymorphous forms of rifaximin,

as disclosed by Viscomi G. C. et al., in WO 2005/044823(2004) and in EP

1698630 (2005). For rifaximin, a low absorption is very important, because
it plays an efficacious antibacterial activity in the gastrointestinal tract
versus a large spectrum of microorganisms responsible for infective
diarrhoea, showing an excellent safety profile because it is not absorbed in
humans, as disclosed by Dascombe J. J. et al. in Int. J. Clin. Pharmacol.
Res., 1994, 14 (2), 51-56. It has been demonstrated in WO 2005/044823
ahd in EP 1698630 (2005) that rifaximin absorption depends only on its
polymorphism and it is possible to have a difference in absorption of
almost six hundred times among polymorphs; therefore the use of the

polymorph B, which is the less absorbed, is very advantageous. In fact, the
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i nduction of bacterial strains resistant to the
antibiotic is a possible adverse effect related to
W b@siseoof antibiotics. In the case of rifaxi PETIB206T/®2199
is particularly inportant, because rifaximn bel ongs
to the rifanmpicin famly, ich is largely used in
the treatnent of tuberculosis, a pathology that had 5
inductéan oflbacterial, steains cesistanddothelantihiotic is atpessibleradverse
Expert Opin. lnvestig. Drugs, 2002, 11 (2), 153-157.
effect oeliategl to thee usecet @mntibintios. i ntheease f| rifaxémin, this is
avai | abl e polyols, those of formula H[O CH2-CH2] n-OH |
particulanlyi impostant, because: rifadarinsbelgagspier the fifampiein family,
16) as well as the conpounds 1,2, 3-propanetriol and
which is dargely msedi il ther teeatangnt abliibersulosis 3 pathelpay that had
are all used in the preparation of pharnaceutical .
a reprHdescenee, asdescribad inkremend. £t alnin Expeddypin. Investig.
they have a plasticjzing property that can nmake t hem
Drugst 90025 116&)5 1P3ekd4.n " phar maceutical preparations
i nvol vi ng, coating, such as %r anul es anol abl et
f bt

|t IRECORNg 1Q.the Preasant iyention; gmoag)a R avajbié, polyols,
tnfsg o demmbl P HaleUH AN el M dwhere ycan range
befieSh. SN 1B s iellet B 2ambniRdR bR S prpanetrigl and 1.2
rPaBRi, o6 MrY: iPGrant, BecausH: h8Yoatn st il Jn the
pripRfach S PHAMEIRE fofulns i hyins 2 ripats, and
mfiivsh &) e L BBSEE (B roRBHY ot St AaRE freth usetul as
adgiithe mins Bt asstich rePafatehs (tiyblind) FogiRd, such as
I e T R Deccr pti onof & he | nvention As
i S bechPRiind ihd g iS e (RalbjbbeoPtiRsBisent invention,
thé@?@%@%ﬁbéﬁ%@@lgpﬂL[bl@%he%],f-@%nd’\@ne’iP%&R&%&Q&mere
n can range between 2 and 16) and the compounds 1,2,3-propanetriol and
1,2-propanediol, can operate as stabilizers for the polymorphous form 8
and as plasticizers for the preparation of a coating that is also
gastroresistant (by the use of cellulose or acrylic and metacrylic acid
derivates) and able to coat rifaximin granules and tablets, by the use of
aqueous solutions of polyols at a concentration ranging between 5% (w/w)
and 50% (w/w), preferably between 10% (w/w) and 30% (w/w),
subsequent excess water removal and obtaining and storage of
polymorphous form .
Description of the invention
As previously described, the object of the present invention is the

use of polyols above described to stabilize rifaximin polymorphous forms,
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in particular the R formas disclosed by Viscom G C
et al., in US 7, 045,62061 (2003), so as to obtain a
w@basmoeetit i cal preparation containing the R POT/ImB20607/002199
rifaximn, wherein the residyal water content of the
active ingredient rifaximn is lower than 4.5% (ww),
and to maintain 5 pol ynorph (3 unchanged during the
inppasticuliao rthet fgdormaascedisaivsad tby iscomidG: eCt It abadn US
to the drying of rifaximn, that is under conditions
71045, 620R301 t r(8803b,h e8Qis8sotto pobjains ,a wphammaceutitalovpreparation
conserve the 13 form which would indeed be
contairingrthed3 foma of ifaxieninpwhereinptheuresiduah water content of the
rifaximn, depending on the severity of the applied
aglive riggcedienturéfaxmm Vg tverd thaat 46'3\/%p(MVfWhgand to maintain
contact rifaximn with a pol yol aqueous solution
patymorphn Beunchan cdurm the production, $taoe) thatn@an directly or
pr. ef er apl between 10% (w and 30% (ww) for a
ing ﬁ%lu lﬁayqlqe they drying | E‘f\g)ﬂmln,t thatois msﬂeg conditions that,
n|n rmis t ai ned, V\,hlchresults stabl e
ng e tise: o pp[a@la,u\ypl&g ol & conserve la@m 6orm which

woild e Bedtans? dgaﬁsea'r&tmﬁér Pebiup@hatis far of ritaximin,
d?mﬁéﬁa i nhe seVekfi hfhe aPbiied Sidgcondifigha quant | ty
ror W UL b E@parﬁhwggﬁ%t SR RE Wi pelyelaaueous
S%‘H 5825 £ s0ngBouBeBe b 5 i) 13 S0e% Sl cand preferably
o, Gk fwndf and e v T, 8 Bind B Bfle dsridaly fifin 1 0
2%;!5 Blf&fﬁiéh slﬁj% ?@ﬁﬁﬁ%ﬂ%%&% Ws( %Ie &h when
e T SR -

4r5% ‘ﬁ?n can be obtained by any procedure known in
maceutical technology field which permts a

oSO . R i re e
objet &k hidf invBAtbnC 8BBnDe ARRIdFtb #raLimift B, either pure or mixed
with a quantity of diluents known in pharmaceutical technology to improve
the smoothness and to favour the interaction with polyols, or a mixture of
them. For this purpose substances such as colloidal silica (for example the
colloidal silica known as Aerosil®) can be used and can be added to the
active ingredient in a range comprised between 1% (w/w) and 20% (w/w)
and preferably between 0.2% (w/w) and 5% (w/w).

The interaction process between one of these polyols described
above, or a mixture of them, and the rifaximin can be obtained by any

procedure known in the pharmaceutical technology field which permits a

close mixing of the components.
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suitable water dilution with a granul ation process in
which the solution is opportunely added to the powder

w@omsarndsig the active ingredient, or excl usiPer/yB2007/002199

constituted by it, with suitable mxing. The operation

can be 5 carried out in a trdditional granulator or in

a high speed granul ator where a rotary blade and a

br eakdne af ¢hese polyolsp draa ewixturecofritiérmy cdn beeapplied after a
conponents. The addition of the solution of one or
suitablepwiafer dilution hwitip @wdeanulatishupmoess inewhicte the solution is
manual | taking care to slowy add the solution to
opp@rtumei/)pcadﬂﬂd do the t pewdendeontainingr ¢he cadtiweoingtedient, or
conponent interaction; or nore opportunely, it can be
exeluisively anstijuteds byt ikbwithpsuitable syixingn The roperationl ean be
| obs punp, piston punp or peristaltic punp, and by the
cagiedhoubin adraditional gransdatog artin abigh speedgrantilatoewhere a
sol ution, thus favouring a better conponent
rotanerklageoand: @ \reakencargr presant do faveur dbeemixinge of the
excess mater can be elimnated using a traditiona
CoMpongnd $st em known in the pharnmaceutical technol ogy

flel ing jn static oven or by drying in a fluid
bed é&iﬁ/’ @8 ofrine gplutian of[ne armreapplyalﬁgtao the powder

%‘ﬁ%pﬁgecp%ﬁs depual Kind cale ta shiawt add the solugion to the
POWEERLEE 017 ABe AU o aPUR the Gomapopent injeraction; or
migPS CpbrlfhelfC i Can Re RS, oWy A Stitable Pammng system; for
RipHE RS bl ietoh 3&5'?1%25@%5?@%%3@@?3% iifhdyuse of an
atomiz&f ARG HE he i SARE Bt e Saiufon; flsyfaurig a better

oned polyols or a m xture of them is
cé'ﬁﬁwghﬁe edc{ -on the powder. In this case, the

S 0o aNbEE ‘E"’e c@fﬂf‘%@f ol el Sk 'Extess MRater can be
elfhingtéd usthg " tdifiordi’ &ridg %yspecrﬁumov% ihhhe® Bi&rmaceutical

technology field by drying in static oven or by drying in a fluid bed

apparatus. The drying temperature can range between 30°C and 90°C,
preferably between 40°C and 80°C. The drying time depends on the
apparatus used, on the amount of powder to be dried and on the desired
residual humidity.

The application of the solution containing one of the above
mentioned polyols, or a mixture of them, can be carried out also with a
fluid bed apparatus. In this case, the powder containing the active
ingredient, or exclusively constituted by it, is maintained in suspension by
a warm air flux and at the same time the solution containing one of the
above mentioned polyols or a mixture of them, is finely nebulised on the

powder. In this case, the close mixture of the solution containing the
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noment as the drying process. The person skilled in

phar maceutical technology is able to obtain a product
waowdaok/oeg2es desi red resi dual water content by che€myiBrg07/002199

the critical 5 paraneters, ﬁuch as air inlet

tenperature, air inlet capacrty and application

velocity of the solution. Air inlet tenperature is

. pojyols, a0f @ mixturet abdhepmn ovithngokid aifaximpy, coeeuns) gt the same

bet ween 30C and 80C. The solution application speed is
momer| §s thahndedngProeessr tenperature that keeps the
powder under suspension. The objective,

to tHee Persen skilleddn ﬂ@m@%cﬁbﬁﬁﬁmq%{ﬂgsrﬁ%&?ﬁggg&am a
o ot e Hesaaraia b BB B onah "B crical
ety coich b St et Erhgceled 3t 7B} E4b30i an appicatr
S0k o e S L SRRSOl BEMASEn 20°
and SOEET 0 BrefrabbebetveRmt Sy BB Gent 1 on can be

or ovl 8 oo 2PRiSBlPE SPRAL o) HiAseY CoRNELidgto air
teRRBE T relts the e, uiief s et g S Bbledve, wen
il 45 S AT I i) Y0 ThEiraf g RS ¥RRlrature
odpstarit ALARGA| Hshrckies: 1 SHECER R Batioh Fhe¥d. AiftaB o fast
9816 SfChue SECHFE, ATty REGIONE40GH) orenng
tie (RUBAF heResCany™e) b6t an HECHTRY AL60 B the gowder, while an
BT SR 68 3100 07 ol i R eridtaure
A O b I dadeiRiotie, S rEreglerk

The present invention can be obtained through any other

pharmaceutical process providing a close mixture of the solution
containing the above mentioned polyols, or a mixture of them, and
subsequent drying.

The preferred compounds having formula H-[O-CHCH,],-OH
(where n can range between 2 and 10) and their mixture, and the
compounds 1,2,3-propanetriol and 1,2-propanediol, can be added at
concentrations comprised between 5% (w/w) and 50% (w/w), preferably
between 10% (w/w) and 30% (w/w), as components of aqueous mixtures
suitable for the film coating of solid oral pharmaceutical preparations, able
to give a controlled release or gastro-resistance.

The invention is illustrated in the following non-limiting examples.
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5 lower than 4.5% 199 G ans of rifaximn (3 formare

mxed for 5 mnutes in a fluid bed apparatus having
w@eoosnkens t enperature of 80 C, with 1 gram of PCT/IB2007/002199

Aerosil(r). A suspension consjsting of 390 granms of

wat er and 13 granms of 1, 2- pﬁbpanedlol IS sprayed on

the m xture of rlfaX|ntn Pformin a fluid bed 10

apparatus, using a peristaltic punp with a 11

granms/ m nutes capacity and naintaining the tenperature

at a constant value of 80C during all the process.

The m xture is dried at 80C, and drying is continued

unt|EXQHM>QMtht |l oss is constant. The residual water

content in the ntcrogranules i s deternned (ﬁaﬂ

t hus 15 obtalned are subnttted to X-ray spectroscopy

lower than4.6% act ogram which is reported in figure 1,
corresponds to polynorph P of rifaximn._ The sane
resul 95 Cét@éﬂ%&fatfaémnmﬁomzargrm@cbmroﬁ mlﬂui%i)llaaefﬂlld bed
b thrite or, nni tol . Conparative Exanp

aﬁﬁﬁgate enﬂM"ég aanpletterraratyrs: of 80 Qevattsérgfanbpf Aerosnl®

poI rifaximn resi dual water content

%4%.&?%'@3/&88@@%‘& 0{1 %@Q arams ebwater and ds3 geems of 1,2-
o o8 B i R o
S L i Bl 8 A AR i o
iebRREC R, ohpatafitE b % cPRstat"vane, Bf BPE drdqmtge@" the
oo i g A3 BT 9 ) SORGR O G e
wEfoht G828 cnstair. ThB E¥lB AR cORERE i e BRERIGEnules is
dé‘%iﬁéﬁé”?t*ﬂa*‘*capa B RS cqvaiftd R %! ?fm%”téﬁr&afaputeé thus

oRaiod 3t Rl VG ARARSSag, i
s Blorteld ' tire", é&?éshén&gﬁbawmoﬂat?ﬁrcﬁsﬁfgﬂﬁh yat er

Tt:]; slarr]ne results are obtained when 1,2-propanediol is replaced by
erythrite or mannitol.

Comparative Example 2

This example demonstrates that in the absence of polyols, a
rifaximin with a residual water content lower than 4.5% does not take the
polymorphous B form, and that the polyol addition allows to obtain rifaximin
in a solid state in the B form with a residual content lower than 4.5% (The
operations are the same as those described in example 1, where the
spayed solution does not contain 1,2-propanediol).

199 Grams of rifaximin B form are mixed for 5 minutes in a fluid bed

apparatus having an inlet temperature of 80°C, with 1 gram of Aerosil®.
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the mcrogranules is determned (Karl Fisher) and it
is equal to 1.1 % The mcrogranules thus obtained
wae@sspg tted to X-ray spectroscopy and the PCT/IB2007/002199
diffractogramreported in figure 2 corresponds to
pol ynorph a of rifaximn. C%ﬁparative Exanple 3 10
Thi s exanpl e denonstrates the inportance of the
pr es d00=Gramshef water arg sprayed ion the ohixturet of rifsbdmin 8 form
rifaximn in the polynorphous I form wth residua
invatflerid bedk appaiatus; usingna pesiatalticepurppr with@rs 14argrans/minute
sane as those described in exanple 1, where
capacity @naheuaintaining tbet temperatuye aat pocpostanvvalyet pé 80°C
esterified hydroxy group, for exanple
daring3afir thearprocess. e t mixtsiee atse driesh &t 8@3Cof and drying is
rifaximn are mxed for 5 mnutes in a fluid bed
copfinued wntihdheryeightilassis ccanstant utke sesituat waler rco_r_\tent in
gram of Aerosil(r). A_suspension constituted by 382.
ﬂ'@r AHeragrankles: issdetermined (Kaghkisher) apdst js sﬂaﬁbtq ilo] % The
triacetate, is s ed on the mxture of 20 rifaximn
migrograndles thuis ablained are suimitad {R -5 SPRSRERRPY and the

with a 11 grans/mnyte capacit mai nt ai ni ng
difisagtogsan) enarted nfgurs, CQ'/’EEQIP@'B% OTRY %Iq? rifgdmin.
procgss. The.m ureﬂbg dried at 80C and drylng IS

cont RfARaAlye Exam ht loss is constant. The

ot of HienekeTiele (daoRte, Ing iMAS Bk of Siepressnse of the
hi@r%a{v”réirr L 2Pyt Brid & Biafiie 38 e sy morpRonE B form
Wﬂﬁd% . g%qq%%ﬁt%%g{ﬁ@ ﬁﬂb. %ﬁpét‘q{%s are the same
as Y0 BestlbBt ity it | 7 eldadéde ﬁ%@éﬁ&uted by a
Po! et e dstdriti by igatipr i, Sxlibty 2E2Epypanetrio

with 1 gramof Aerosil(r). A suspension
tdgﬁé#gtlng of 360 grans of water and 40 grans of

199 Grams of rifaximin are mixed for 5 minutes in a fluid bed
apparatus having an inlet temperature of 80 °C, with 1 gram of Aerosil®.

A suspension constituted by 382.75 grams of water and 12.75
grams of 1,2,3-propanetriol triacetate, is sprayed on the mixture of
rifaximin in a fluid bed apparatus, using a peristaltic pump with a 11
grams/minute capacity and maintaining the temperature at a constant
value of 80°C during all the process. The mixture is dried at 80°C and
drying is continued until the weight loss is constant. The residual water
content in the microgranules is determined (Karl Fisher) and it is equal to
0.5%. The microgranules thus obtained are submitted to X-ray
spectroscopy and the diffractogram reported in figure 3 corresponds to

polymorph a of rifaximin.
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PEG 400 (pol yethylene glycol with fornula
H[OCH2-CH2] n-OH, is sprayed on the m xture of
WO pdoaxegrdsr in a fluid bed apparatus, using a PCT/IB2007/002199
peristaltic punp with a 6 g{arrs/m' nute capacity and
mai ntai ning tenperature at a %0 constant value of 80C
during all the process. The mxture is dried at 80C,
and Bxgmplei4 continued until the weight loss is
constant. The residual water content in the
m cr tion jof déaximim8dwithra residual) watericontent lower
equal_to 0.8% The mcrogranul es thus obtained are
hAi8%dn the presence of PG 408 copy and t he
diffractogramreported in figure 4 corresponds to ]
pol yHIR faramsopf rhifeximin rareTmixednforr 8sminutes én a fluid bed
obt ai ned using , hydroxyethyl cellulose or tartaric
appa@tyus vaving arinketteoperatiragfi&0 5Cpwithat graghobAerosil®.
rifaximn 13 gastro resistant mcrogranules with a 20
r esi QuBHSRERSION: 6ARSIstingoak B60naraMSsof watehanst 40-geams of
trates that the

PR 906 (RBbAYeRR-alvesl Withiamhuia F-1Gr i HeksSiaisSprayed
o, thE, MRRAIS o TEaKBUN I, 2o PuichBech aPPRESILIS. JUR0; & befistaltic
P R 215 GramumiBuEE capasit Ak MAGaRRS teliRatabire at a
cqataa vap S 80rC g all 0fE Prfe s e Hpidkf s Sl at,80°C,
ari 818 38 sBRERLRR Sl Hheiylsioht Riss Ricatiaidht. The posidual water
odtfibht PO kS el s HebhGrdt oET Eindoilg it s equal o

Ogtty"re a suspension is prepared in a m xer under
) ?'rring as described in table 1. 5 Table 1

The microgranules thus obtained are submitted to X-ray

spectroscopy and the diffractogram reported in figure 4 corresponds to
polymorph B of rifaximin. The same results are obtained using
hydroxyethyl cellulose or tartaric acid instead of PEG 400.

Example 5

Preparation of rifaximin B gastro resistant microgranules with a

residual water content lower than 4.5% in the presence of 1,2-

propanediol

This example demonstrates that the polyol 1,2-propanediol added to
rifaximin to obtain rifaximin B with a residual water content lower than
4.5%, can simultaneously operate as plasticizer in the preparation of films
for covering granules without the addition of other compounds having this
function.

25.000 Grams of rifaximin powder and 125 grams of Aerosil®, that

acts as a fluidiser, are loaded in a fluid bed apparatus for the application of



Composition Mcrogranules preparation Dem neralised
wat er 48.107 g Kollicoat(r) MAE 100P 9.281 ¢
wa@smeapanedi ol 1392 g Talc 2.475 g Titani uneOiBROA®2199
FU 557 g Iron oxide E172 62 g The solid conponents are
homogenously di spersed in déRineralised water with a
hi gh speed U tra Turrax honogeni zer. The honogeni zed
coatexk fifinsnon adtivedingredienite with ey Glatt<GRIOP30atype, equipped
with a 10 peristaltic punp and nebulised on the
withf ari1@ imchoMursterisyistera .and  Aerosil (r) 200 at a
pressure conprised between 1.0 and 1.5 bar, through a
1. 8 Ainthe same tirne na suspengiarpis prepared insa prixepumelér stirring
under the sane conditions as described in table 2. WO
asctesonibegbim table 182007/ 002199 13 Table 2 Pre-warm
Application of Process paraneters Drying phase
5 coating solution Air flow at entrance (nB/hour) 400
100 550 100 350 50 Air tenperature at 602 6010 802
entr 2ABt C) Product tenperature (Q 32 25 - 27 60 2

Jet |pCempositi¢mar) (i nit) Microgramulds 1.5 0.1
preparation

Demineralised water 48.107 g

Kollicoat® MAE 100P 9.281¢
1,2-Propanediol 1392 ¢

Talc 2475¢g

Titanium dioxide FU 857¢g

Iron oxide E172 62g

The solid components are homogenously dispersed in
demineralised water with a high speed Ultra Turrax homogenizer. The
homogenized suspension is loaded in the Wurster type apparatus with a

10 peristaltic pump and nebulised on the rifaximin powder mixture and
Aerosil® 200 at a pressure comprised between 1.0 and 1.5 bar, through a

1.8 mm nozzie.
Film coating application is performed under the same conditions as

described in table 2.



10

15

Jet speed (g/mn) 150 - 200 Residual air content on

the m crogranul es thus obtained determ ned according
W 2008@29208i scher, resulted equal to 1.2% s TheCHIB28§7/002199
reported

di ffractogramof the m crogrgi\ ul es obt ai ned,
in figure 5, corresponds to %m ynmor ph R Exanple 6
Phar maceutical preparation of rifaximn Q prepared in
therno wel ded bags 10 9. 12 Kg of gastroresistant
rifaximn mcrogranul es prepared according to the
exanpables? 19.58 Kg of sorbitol, 0.49 Kg of aspartane,

mah LQ\/
L

.21 Kg of anhydrous ¢iPréowamnd, 2ZApplidation opegtin,
Priozess pdrametersol , | 0. 21 Kg of |neohesperi di ne | DDrying
.12 Kg of cherry flayourphase 0. 07coating sokitionca gel

and than m vad fAor
AT T T ITCTT T CY Tt

E’(?i:‘;/ﬁﬁﬁﬂned and pl ace

ntarni’ng 5 grans of

AT flowabgplrance 5 v ]Tlllzﬁbj_t i@ r

np
product cot

A

responding to 800 ng

DAir teinp _
speci al ity contained

ralute athe conposition of

n 60 2 he

t he nedi ci nal _
mo- wgpdedobag iis 80+ 2

rentrancel(iC) the fol |l oM ng Table 8. WO 2008/ 029208
CT/ 1 B2007/002199 14! Table 3 Cprposition of a

Fradust terapesatine "Gy | ded B3dg (my) (R§)- 27 60 + 2

nctrarncictant rifavimn B 1202 m'nrnnrggnlll es
T T CA7\ LELELI LILI T\ -_— " T

CT UTCOT oy ATy 1 T O7cy i i1 7Ty T OO T &9 Ooo—HiT—ot b B

Aressurebar) a0 Anhydrous citfic agid 30.0.6
Qﬁﬁﬁél‘b%ﬁ 00 ﬁ%gi 8.1

Jet speed (g/min)

= oo

150 - 200

Residual air content on the microgranules thus obtained determined
according to Karl Fischer, resulted equal to 1.2%.

The X-ray diffractogram of the microgranules obtained, reported in
figure 5, corresponds to polymorph B.

Example 6 |

Pharmaceutical preparation of rifaximin B prepared in thermo

welded bags
9.12 Kg of gastroresistant rifaximin microgranules prepared

according to the example 5, 19.58 Kg of sorbitol, 0.49 Kg of aspartame,
0.21 Kg of anhydrous citric acid, 2.10 Kg of pectin, 2.10 Kg of mannitol,
0.21 Kg of neohesperidine DC, 1.12 Kg of cherry flavour and 0.07 Kg of
silica gel are sieved on a 0,5 mm mesh sieve and then mixed for 20
minutes in a V mixer. The resulting mixture is partitioned and placed in
thermo-welded bags containing 5 grams of product corresponding to 800
mg of rifaximin. The composition of the medicinal speciality contained in

the thermo-welded bag is reported in the following Table 3.
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Manni tol 300 6.00 Neohesperidin DC 30 0.60 Sorbitol

2797 55.94 Cherry-flavour 160 3.20 Silica gel 10
W@ 2@8/02928%t r or esi st ance of m crogranul es cont aPeETB2067/002199

t her no-wel ded bags is evaluated after 12 nonths

storage at 25C as di scl osed i usp 28t' Ed., page

2417, obtaining the sane results as those obtai ned on

t he Tabbé & ogranul es prepared as in exanple 1, that is
@ dissolution equal to 2. ‘%Odmao%nmnl‘ldﬂé(fﬁéhﬁbic
acid and equal to 91.1 %in buffer at . Exanpl e
f Phar madeempoaents epar ati ¢n in wetde‘cbbagc(fng)abl et
containing rifaximn R prépared according to exanple
5 10 9.3 Kg of gastroresistant (MPaxi i n ni &ogranlil es

| [ats] .-. rnC Cnﬁl
D | 1 the exan"p. eI 1oJo um
3{?'? ?R‘Féf'st%ﬁzﬂ ﬁ'i'@ogg of jﬁ@bum st e%§b§ are
$ ds0, 5 mMm mesh si ¢ve t hen or 2D
SiI¥aratu

mnutés 1n a V mxer. The fesulting mjxture is
{Abpattaate using a rotary tabl efpi ng nmachi neq@ Fett
200) equipped with oblong) scored 19|x 9 mm 15
aﬁnbhdmug/cimman'@ a final weighB80of 718 ng0.60

bAar r ncenandi r\g t-0—400 n‘g of rfaximn! WO 2008/ 029208
HeeeliB2007/ 002199 15 The {abl ¥0Qonpgsi ti 600

:@%E‘bl‘iari IolnI &SU:)/: LF+2| fa>|<iam :1 Sagqﬁtg?:esi sltazlnﬁtoo

%gbgggggﬁg@p[)@orrespondl ng t03@00 ng of piggxim)
D . .

Uy

D

Sorbitol 2797 55.94
Cherry-flavour 160 3.20
Silica gel 10 0.20

Gastroresistance of microgranules contained in thermo-welded
bags is evaluated after 12 months storage at 25°C as disclosed in USP
28" Ed., page 2417, obtaining the same results as those obtained on the
microgranules prepared as in example 1, that is a dissolution equal to
2.2% in 0.1N hydrochloric acid and equal to 91.1% in buffer at pH 6.8.

Example 7

Pharmaceutical preparation in the form of tablets containing

rifaximin B prepared according to example 5

9.3 Kg of gastroresistant rifaximin microgranules prepared according

to the example 1, 593 g of Sodium Starch Glicolate, 100 g of magnesium
stearate are sieved on a 0,5 mm mesh sieve and then mixed for 20
minutes in a V mixer. The resulting mixture is tabletted using a rotary
tabletting machine (Fette 1200) equipped with oblong, scored 19 x 9 mm
punches, yielding a final weight of 718 mg, corresponding to 400 mg of

rifaximin.
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Sodi um car boxymnet hyl cel | ul ose 34.95 4.87 Avicel(r) PH

101 24.31 3.34 M-stearate 8.74 1.21 718.00 100. 00
wadb@shbet s are then coated, using conventi onBCT/pE207/002199

equi pnrent, with 5 a hydroxygéopyl nmet hyl cel | ul ose film

in order to inprove appearan and to achieve

tast e-maski ng properties. The unitary filmconposition
i s r'Epetablet compasitien is raported in Aabled. Coat i ng
conposition (nmg) HPMC 14.07 Titanium dioxide 4.10
Na- ETallend05 Propyl ene glycol 1.37 Red Iron Oxide E
172 0.41 10 WD 2008/ 029208 | PCT/ ARIoUNY 002199 16
a[amescmmpmmri one or nor ¢ _caonpounds (herein defined
s "polyols) bearing at |eq stmg\o hyd%)xy groups to

ct ahili 7za nol vomr r\hnnc- 'Fr\r of rif QV|m r—5 2. Use as

Rifadminigastioresistan one of nore pol yol s flel ect ed
rRELbEIES REAESBRRGI |5 PUoY deven hydr oxy”

_ even hydr oxy
UOD'Rg of fpGREmhar i des, di g ww degp 53 |
pol ysacchari des 'such as stajc celll ul ose and

Bodivuat cadsoxymethylcellidose i i 34195 nal 4@&xtiri n, xantan

gum-_ di- h\/drm(\/ acids and rnl v- hvdrioxy acids. 10 3.

lﬁs\éca® aﬂiﬂﬁéd inclaiml of $A8%r| n834 pdl yol s of

H-l-o-cH90—-CH2
AV A

I\7lg Sbarate T Lo S 874 1.21
718.00 | 100.00

;OJL

The tablets are then coated, using conventional pan equipment, with
a hydroxypropylmethyicellulose film in order to improve appearance and to
achieve taste-masking properties. The unitary film composition is reported
in Table 5.

Table 5

Coating composition Amount
(mg)

HPMC 14.07

Titanium dioxide 410

Na-EDTA 0.05

Propylene glycol 1.37

Red Iron Oxide E 172 0.41
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(1) wherein X represents hydrogen or |ower alkyl, and
n can range between 1 and 20. 15 4. Use as clained in
wa@ b@segonf 1, 2, 3-propanetriol. 5. Use as cl ai PeOIB2007/002199
claim2 of polyol having th1 general fornmula H[O
CH2- CH2] n- OH, wherein n can Pange between 2 and 14. 6.
Use as clainmed in claim2 of 1,2- propanediol. 7. Use
CkAIMSai med in claim1 of polyol to obtain rifaxinmin in
“solid state in 20 the pol ynor phous form [3 having a
resi dual water content |ower than 4.5% 8.
Pol ymor phous forns of rifaximn in solid state
1.st aBbise pE@neyor morgseomppubds (beeeinvdefined @s ‘palyols) bearing
claimed in clains 1 to 6, independently from residua
atlgast twahydraxy groups &($WM'Z®P9WB??IIP'\QB‘5 feras @forlfaXImln
state stabilized by the use of one or

2.as dse ﬁéoclarmsddnr@auntb 06 onien@vemqr&en@lypls ﬁslﬁcrfed ffom the

resi dual, wat er t ent and to
arpiBi<AnRisthg & ROWIS o itaing ﬁ\’ﬁgtoﬁﬁ‘é@ﬂ Raffom ators and two

ol 3 formstabilized one or, nore
tohoc SRy 1 YAORY e DR Re/ (TS ASeRAr b0y, disabeharides,

polsacstia rtqus'egﬂéﬁe”depat by ceffia hea&ﬁf’c?éjri\?ﬁﬂw&% frerpgt edextrin
S A P
3.1 helg B cimEiT BRLT ot or e i lsdor ormuta 1
f wh bi | d h
one-or e more pol yol E7R2 @Ba@{}e@ﬂ Ofms 1°Fo 6,
i ndependently fromthe resi wat er content. 12.
Rifaximn (3 in therno-weld bags wher ei n pol ynor ph

wﬁé’rélﬁ )@F@ﬁ’r’éﬁeﬁfg hy@)‘?%é}g oﬁ%@ aggﬂg Qg ﬁf:énﬂr%'gl\%%'t lz%ﬁ\?een 1

(pébdual water content. 13. Rifaximn (3 in tablet
orm wherein polynorph Ris stabilized by the

4, Use as claimed in claim 1 of 1,2,3-propanetriol.

5. Use as claimed in claim 2 of polyol having the general formula H-[O-
CH,-CH,],-OH, wherein n can range between 2 and 14.

6. Use as claimed in claim 2 of 1,2- propanediol.

1. Use as claimed in claim 1 of polyol to obtain rifaximin in solid state in
the polymorphous form B having a residual water content lower than 4.5%.
8. Polymorphous forms of rifaximin in solid state stabilized by the use
of one ore more polyols as claimed in claims 1 to 6, independently from
residual water content.

9. Rifaximin polymorph B in solid state, stabilized by the use of one or
more polyol as claimed in claims 1 to 6, independently from residual water
content.

10. Oral and topical medicinal preparations containing rifaximin in the

polymorphous B form stabilized by one or more polyols according to claims
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use of one or nore polyols as clainmed in clains 1 to

6, i ndependently from the residual water content. 14.
wo@sozess for the preparation of rifaximn i nPCT/IB2007/002199

pol ynmor phous form (3 15 according to claim?9,

characterized in that rifaxifi'n in solid state is put

in contact with an aqueous solution of one or nore

1pdbdy 6, sindlepeindiemtly ifrom cthe mmesidualc iveater 6¢content together with

concentration of 5%to 59% (ww), at a tenperature
exeipients 3veEll knowodn fstaten pfethedart! suche asngiluents, ligands,

between 1 and 24 hours, and in that, after solid

lukricants) disiptegrants, dyes, iftavours@nd sweetenernsydonthe dreatment

of between 30 and 80C, at anbient pressure or under

of patiwipgies that needantbictictbesapyr i sed bet ween 2 and

72 hours. 15. A process for the preparation of ]
1. f aMigrograpulas pfgastieuesistant in @ wheseini polymerph B is

9, characterized in that a pol yol aqueous sol ution
stahilizechi witho eneyrorgp MOfR) | pelySlsisas | elaiped; incrlaims 11 to 6,

ntrations conprised from5 to 50%

i’%‘fﬂ%’%ﬁ@pﬁ%&iﬁ‘%?ﬁﬁ@@ﬂWﬁé@ﬁ é@Ment3 in solid state

10t wEAKITEE 47 Th6BoAMGI ek BRgS Iereim B0 XSO B Bds stabilized
bf/gﬁﬂ'gﬁ f‘ah%%r tg?bgfléisgﬁ 283%&380@ Irasf ! daimed®in claims 1 to 6,
independently from the residual water content.

13. Rifaximin B in tablet form wherein polymorph B is stabilized by the
use of one or more polyols as claimed in claims 1 to 6, independently from
the residual water content.

14. A process for the preparation of rifaximin in polymorphous form B
according to claim 9, characterized in that rifaximin in solid state is put in
contact with an aqueous solution of one or more polyols as claimed in
claim 1 to claim 6, at a concentration of 5% to 59% (w/w), at a temperature
between 30°C and 80°C, for a period of time comprised between 1 and 24
hours, and in that, after solid residual separation, it is dried at a
temperature of between 30 and 80°C, at ambient pressure or under
vacuum, for a period of time comprised between 2 and 72 hours.

15. A process for the preparation of rifaximin in polymorphous form B as
claimed in claim 9, characterized in that a polyol aqueous solution
containing one or more polyols as claimed in clams 1 to 6 at
concentrations comprised from 5 to 50% (w/w) is sprayed on the rifaximin
B in solid state in a fluid bed apparatus at an inlet temperature between
40°C and 90°C and the mixture thus obtained is submitted to drying under

an air flow at a temperature between 40 and 90 °C.



