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WO 2008/029208PCT/IB2007/002199 1 USE OF POLYOLS TO OBTAIN
STABLE POLYMORPHOUS FORMS OF RIFAXIMIN Background of the
inygatjmmm{he active ingredients, contained in medicinal prefwsisewRR199
be available in polymorphous forms having different chemical-physical
properties, as for example solubility anll chemical stability. 5For medicinal

' al_e critical for the |n VIVO absortlon of the
et ; : JRIAIND LARKE ROL RRHOWS FOR
prq;huﬁ;p:f}gnmmlnlstratlon in humans or anlmals A Iarge number of
scientific papers Is available on this topic. Some articles are for example:
doxazosin (Sohn Y.T. et al., Arch. Pharm. Res., 10 2005; 28, 730-735);
tranilast {V t F. G aI . Pharm. Sot, 2005, 94,651-65); dopidogrel
(Koradia WVQBBE"M(S) 193- 204); celecoxib
(Chewla h Te 42 % % ro
(Sohn Y&ﬁ?%cﬁ%ﬁ@%&%e@gg%&%% 3n{1 17@%‘ J gﬁ)’dﬁﬁg &Cn be
flugvaitalléC ivapoetaphbBbafonSsi., !2@@499%(63}.1‘66& Eherhiral-physical

cann(VrecerF.etal.,Int.J.Pharrn., 2003, 256
rgr)c()'pert? s, as for example solubility and chemtca! stability.

For medicinal products both these properties are critical for the in
vivo absorption of the active ingredient, and consequently, for the efficacy
and safety of the product after administration in humans or animals.

A large number of scientific papers is available on this topic. Some
articles are for example: doxazosin (Sohn Y.T. et al., Arch. Pharm. Res.,
2005; 28, 730-735), tranilast (Vogt F.G. et al, J. Pharm. Sci., 2005,
94,651-65); clopidogrel (Koradia V., et al., Acta. Pharm., 2004, 54 (3), 193~
204); celecoxib (Chawla G. et al., Pharm. Dev. Technol., 2004, 9 (4), 419-
33); ketorolac (Sohn Y.T. et al., Arch. Pharm. Res. 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);
theophyliine (Airaksinen S. et al., Int. J. Pharm., 2004, 276 (1-2), 129-41).

For the above mentioned reasons the medical authority responsibie
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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(1-2),3-15); theophylline (Airaksinen S. et al., Int. J. Pharrm., 2004, 276
(1-2), 129-41). For the above mentioned reasons the medical authority

respousiedr the approval of the marketing of medicinal pregdygisosr/e02199
requires information on the properties and the production consistency of

the 20 polymorphous active ingredients fn the solid state; it is important to
avoid modification. of the polymorphous form during the production stage
and storzgga o%ﬁ%’%haﬂm%\g ﬁticﬁ%}%papeﬂr&mﬁam pliPBse SRlge” active

impegredisatsirsidien aseenaslti-reeahic Aol BrigheEs REYS 56
showing the highest stability in time, as described by Rodriguez-Spéng B." ™’

et 88133 Adv. Drug Deliv. Rev., 2004, 56 (3), 241-74. WO
2008/02 RPC1/1B2007/002199 2 =~ To obtain a more stable )
polymorgﬁgus'%ﬂr{ss%ﬂi r?é‘%% & iRaQ%ﬂ%?ng'Sf(gﬁmf‘ef?'@@gc%é‘dab'e

in fchatisty Grainiey-fordslel 38spdhsidt-and SHEHERID Jﬁﬁ?&%ﬁirg%umpe,

belonging to the rifampidn family, available 5 in tablets, granules
suptisidrSafdasidiinanamiatheedonriitiespe, in the U.S.A. and in many

other coyntries. .~ Rifaximin cgn exist in the polymorphous forms a, and
y descritggm%miea{(@ € g?.eir? WM@S&J‘W&(@QQ?*@%”"’W

7,045\A260Mi @0Q8) ctaf im the msrah@eﬁmn%aﬁ%&%g"?%,ezo

by Viscomi 1() G. C. et al. in EP 1698630 (2005). These polymorphous
forfs 42808y amp ditdine Radpmarphoys darahsmdganit e idetsibels vyl Wigsomi

Y T T

(2aApbridrseHitanges R PavA SEpRmsIeGHa tnﬁ[ﬁiﬁ%z@égzﬂd@%n by

safety of 15 the product. oreover it is known from

(20pgreximately 0eBcBmEz006) thize thivatmilabiliyobfmifepiioirs fy/rameest six
easily convert into other forms depepding on the possibility to acquire or to

o TR TeRe TR ERTIRAIORY CAPCREL Fafloh 0 ZRBAMEE2S (2004)
bepagse ehaRgdwrpaRAVR A KR e mIRS Ve RESNORR 4

example in en\#ﬁments with a relrzg:/e humidi%gﬁ%&?ﬁ%ﬂr ﬁ%,h%?fety of
pdieneredugiconverts into polymorph 0. Another example is represented

by polymarph E, that can be obtained by drying polymorph 6, as described

in EP 16 é%%"&fog‘ts)'ﬁné‘lﬂmrfg a er?t%og.?é&%ﬂ@.n@fm?) and EP
bigsesbdllilzEosyanmAIes Fﬁéﬁ%ﬁ]f?&ymorgﬁlﬁ.ng'ff@ﬁ%t Ezfﬂf(gﬁg\l convert
polymorphous forms can be favourably used as homogeneous an B/ure

privdRceharifermardgnending ontfbenpossiility\l® acquire or to lose water,

2%8ég29§08P§T/1 32007/002199 3 products containing rifaximin, as the
effiCacy and Ine SAAYORS 180 rSGGH c8t5Be hdhigislidystalRg hroayse of

palhatayebous fHlmidity 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 &, as described in EP
1698630 (2005) and that shows a twenty foid 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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The prior art allows to understand the importance of the production
conditions of the medicinal products containing rifaximin, which, in case 5

theV.aEaehopportunely controlled, can give undesirable transipgRetiaRsoo

of the rifaximin polymorphous forms.  Moreover, also working phases
used in the pharmaceutical product pro?duction and involving the use of
water, for example powder granulation under humid conditions, film

cPRRAYGH LRI TifRimins A5 dRe BFRCY Bnd e saghner the product
b e o) Aol
B e e aince.

humidityr heaprioodify Hilbwsioanderstatadnthe ipotanseatitheaproduction
attention has to be paid to manufacturing. As previously described it is
aG0RAItgEs RS b medicialRIoskists SuTaiBingo Ha¥ I WRIgh dnscase
¢ i . e : '
o B e o e i ormations

thsf predyrifaxirhiarpolyméioheue formpesingly found, and that is the real
object of the present invention, that the addition of compounds having at

least twiIRIRAYRY: ASG NRIKiIRg PhRRSH A8 dfcFReaRBatEB6R iy ipeoduct

e G e T WD or o S PR Sranutation
pumpierestivhidoctmktitiols pRnecestiog endbess] wienwetythudoniert, drying,

monosaccharides and polysaccharides, such as 25 fructose, dextrose,

str@bsEstiyciine e RAYEBOREUE VRS b (RPERSHERNBHNIAYEC the

h thyl e, car I ). trn
e o 0 Y B! DieTl o TARNT e ouse
(prabrsrvIindertamidityierRsidneidily thé porinareRouCfNs in time; thus
represented by the formula | are preferred: H-p-CH-(X)-C1-12],-,-OH (1)
wharicular altentipm hasde bepaiddadiapmhactigagom 1 to 20, or

51,2,3- | - di rtic e | .
oro ool B ena o e FyerisR SR A NEERAGEIRS poin
fi ghiviealyrwrbages fooiprdogshatischngs itsCryitatinmfonmdeyetongieions
those conditions known until now in which these changes were observed.

Ame&%%n%@fvva?eﬁemmentﬂwa@%dmm& Sieductinscwibdhe

i/velg%tz, r%r?got %PF@ yﬁ%fﬁ@ﬁ%&%%@%ﬁﬁ%y;hw&ﬁ c;/;)l’ebgolyols

are addpvetbaifesmiprisitippyddends aiedbaventid esalhsbiestdithe 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 polyaicohols (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, hydroxyethyi celiulose, carboxymethyi 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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water content of the solid form is lower than 4.5%; moreover the storage

of this polymorph is independent of the relative ambient humidity.

15Among the polymorphs of rifaximin, the p form is very important,

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@AicacimATIRRS IR acHidl i) the sestaiatearadBRgted:

versus a 20 large spectrum of microorganisms responsible for infective
diarrhoea, showing an excell ar{:‘ ty profile liae se it is not absorbed

in humans, as disclosed by D?'ep'si@ eﬁé(%)iﬁé’? TEﬂ#Int. J. Clin.

Pharmacol. Res., 1994, 14 (2), 51-56. It has been demonstrated in WO
2005/044823 and in EI' 1698630 (2005)that rifaximin absorption depends

only on its polymorphism and it is possible to have 25a difference in
absorpign.pf aimesh Firdaiirer imes aRoNgRPNMSEHEE RHE Nt 20, o
use of the polymorph'/3, which is the less absorbed, is very
dRanesgpanstiaiase the-pMep20e8iw29208P011132007/002199 5

induction of bacterial strains resistant to the antibiotic is a possible
adversgnefiegticeiRiedviméne pasyefaniibicigdeth e 6ace of HFRXIpdlidsphs of
is_particularly important, because rifaximin belongs to the rifampicin family,

I 0 ERE O ROV EMFR, Lol A BRSO hO U ATH R b ghange

R RLAIRREDER ArriesAHRP AR K&IRaHibnELIdloWESREIHERINN which these
Investig. Drugs, 2002, 11(2), 153-157.  According to the present

iphangien, wehe rmPar trrdavailapdrpsgoberaie bERIHANIOf the polymorph S of
-CE - d Te ) er eb e n
lﬁé%)x%ﬂr{ N Eéa?gg'dam Jjeeiy 6‘{%@(‘@?, (?e?r. %Eaég’ll% 2 %"?’Eer@t&g% B\fver than

as well'as the'’compounds propanetrio propanedio
aré %erpynmpeighht dnecthsepthigynarphalisusedviarthd poepabhatimnmf « . When the

%%\%o s‘? C?er‘é“.%%légﬁ“ t%laﬁ%@(? f?rr}h m[ﬁgslg ttdra‘rglrg% 1anedvénn0r\{%ﬂ\é%r. gyresidua!
ave a plasticizing property that ¢an make them dseful as additives in

RRREN a6RisBbP IRRaANQTE MY RIVBWFAABAN F96h S @emiandRrtbrage of this
tablets. 151t has been found, and that js the real object of the present

iRobRRRR RS dRdRRsAGRAY Bf BRGNS BEIRERHIMBIY and their

mixtures (where n can range between 2 and 16) and the compounds
1,2,3-prapanetritiiencolyfprppanedlioifadmiopethée g stabilizersvinythenportant,
polymorphous form p and as plasticizers for the preparation of a coatin

L ng ..
PeEsRd 3 DRI I850R0eT HeallshBRAUNMOSRURAAIESHRN rifaximin, as
ieassdis agidiedyaiescand. akle . cqat viaxipooereaussanddableisd in EP
by the use of agueous solutions of polyols at a concentration ran ég}gﬁ .

S QM) T BB O, Mf&%?ﬂ%@ﬁ)vé%ﬁ(ﬁ@%ﬂ%ﬁ% gbecause it
P9V e BidhshsIve RintikeR8 N tattiomovalipa delkirtie Ant steaeg&ersus a
f 25 polymorphoys form p. Description of the invention .. As previously .

S BBACHHTD bR GrREASER FRSRISID (el RGP HIAC B85e Shoving
desesbefidot Sakiliyoritldnysalyee hads fysasbeGh humans, as disclosed
2008/029208PC1/1132007/002199
by Descombe J. Jl et al. |7n Int. \? Clin. Pharmacol. Res., 1994, 14 (2), 51-56. It
has been demonstrated in WO 2005/044823 and 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 g, which is the less absorbed, is very

advantageous. In fact, the
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6 in particular the p form as disclosed by Viscomi G. C. et al., in US
7,045,620B1 (2003), so as to obtain a pharmaceutical preparation
GaMapgtee [3 form of rifaxirnin, wherein the residual waterigaatentehoo
the active ingredient rifaximin is lower_than 4.5% (w/w), and to maintain 5
polymorph (3 unchanged during the p?oduction stage that can directly or
indirectly lead to the drying of rifaximin, that is under. conditions .that

B el e R B A Bk R L RS HE agverse
el indard be tigrsigsmest iniiBAbe RPhRBoHIRRUSfOMaBRTIFRIME.is
depending on the severity of the applied drying condition. 10We found that
paniciagynicypodantfbecause vifaxiao psiaaasdostbeluifemgicn family,
cancentration of 5% (w/w) to, 50% (w/. d preferably between 1Q%
SR B 5 1 s SABT Ol S iosrond P40 GipWbdpet had
fxinindidareands GRRABE Y WYikdRiaH S Bable RVERDERADERE Investig.
residual water content in the solid form is brought to a value lower than 15

DAEIG(WEAH2, 1 THR) pdhBItdescribed above or a mixture of them, which

e L I AR e

IHEsRVSr REANAAtRESCIANE L. JarRE 1RLSFIRIANNY VRO iScAN fange

mixture of 20 them. For this purpose substances such as colloidal silica
(betweam glatt: to)lcigavellies khewompandsild)Larppepassirioh@adn! . 2-

be added to the active ingredient in a range comprised between 1% (w/

T N SR W S e
It t&?ﬁ%@rﬁ’@ﬁ%ﬁ%ﬁﬁ%ﬁﬂ&?%&Hﬁ%ﬁ@lwsrﬁﬂﬁﬁrﬂiaesr%ﬁhﬁm%ﬁd
mixture of them, and the rifaximin can be obtained by any procedure
knoreowetibeyh hanaca plaaticizingorsgpaitidtaatictapamake dhaosaseihgs
oféggi components. WO 2008/029208PCUTR2007/002199 7.  One of as
tABSBIRH R, ANAMRH htfERAR %"§p5ﬁ¥8 IR CQaNREe RIRE,

Ylaprieyisna grgfagdation process in which the solution is opportunely
added to the powder containing the active ingredient, or exclusively

constititbabheenfound:asd thadigtheneespehitohafdhepresantisyention,

s e e R A AL B fypere
Thediige BElRaptian 8ar tHeTedPRPELRER e PoKrdpaRtiideand

can be done manually, taking care to slowly add the solution to the 10

phpeopanedial, poani @peratarasostabiiretse foortipe rreely masphals feim B
ly, it can b ded out by. a suitabl i - f

B0t 18 RETUAS S rot5h i RIP BRI Ronth, ERGEY 1l loe bt 2150

jastereatamnqile thebuisatign Qe soleioackie faNGURRIANEEeECid

component interaction. 15When the granulation is effected, the excess
wissivates)bandirabiatéd cortgrifaximinogeanidgsganditablRifowy iththaise of

pharmaceutical technologqy field by drying jn static oven ot by drying,i
RAMBRERIUAS CHRPSIRFarausstialan FaRging e oy
Uet PERIGS 2R WRERE Y1 hERFech e WYINIWAR derRNdseen tww),
20 apparatus used, on the amount of powder to be dried and on the
dedisefuesitiuaoassditwater Thierappétatmd ofahtasvingioapdntaiarage of
on% of the above mentioned polyols, or a mixture of them, can be carried
&HX@S‘W/&H%% d apparatus. In this case, the powder containing the
active HedegigtiSRloP s GHpdRibRONStituted by it, is maintained in

suspension by a warm air flux and at the same time the solution
containfvgy previolily alesceibednitbacobjetyaif the pinsent dtveetionsis the
S St BNl I i G RT RSP Es forms,
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WO 2008/029208PCT/M2007/002199 8 polyols, or a mixture of them, with
solid rifaximin, occurs at the same moment as the drying process.  The
RESSRAsRBHR in pharmaceutical technology is able to obtaig@ REogsH&2199
with the desired residual water content by changing the critical 5
parameters, such as air inlet temperat@re, air inlet capacity and
application velocity of the solution. Air inlet temperature is génerall set

0

pEtWRRHIGHIES A DU Ao BB EREViRReBh o6, e Hle In US

SR eRplira Q@O%Eeegds S10SEl Gparcted ﬁﬁ?@@l reotéParation
keéps the powdgr under suspens%\:]. The objec?l%g well 10 know to the
expatainitigetiaet § Saomafi nifaxirtia, akensindhe eesidualcasttndanienyatithe
thﬁeggroce_ss. In fad an application speed that is too fast would lead to

e

v& Dgreding! IR AU hatb -5y WY 178chiiey faintain

. o ! i : o L
sggz)g thi’t}sgt)oo iow cguéieggﬁﬁslg a mi tur?tempeggﬂgq%%ﬁgéggi wit or
posditaetiepadaioothef teyimgi\ef indaxihien(. thatTise pneleentonditibns that,
can be obtained through any other pharmaceutical process providing a

clEBHEIIFeUSRRS BONRYH VRIS AllowntR EonERMGH g BIfBIEN owhich

mi;ﬁ he ?%?W?r?mr ' T ﬂ‘ﬁf B9 -
haV|Ezgefg!muI§1f2€|cr)i-‘:(£f‘,la-|g - HZJH-OH%V%%%%R;? raﬁ{;@%gglveengg ?alﬁn roin,
ldppeddingromitisrsevertyhef toenpppinets dryifgneopditiemiol and
1,2-propanediol, can be added at concentrations comprised between 5%

(wiw) aNYSENGIAt BierYIng BLeReiart 5N BMiR palyalageous

c n i Xtur Sl<iW95e r fil ti f.salj

o(rggl Bﬂgﬁmgcgu%%%r“e%%%rféﬁ)ﬁ ga%(ie 0 gi etfga g’?g/?roq?‘e’ élegagg; gctﬁélfgrably
g betwaesi$0¥%qav and/ 8066 fvew) sl perivth efftitesyiggreratiinfiong 1 to
examples. "WO 2008/029208PCT/032007/002199 9 Example 1

P& B4 SN FERRNRI AR IRV PRiRinRE WARIFR SRR Siable ®yen when
4.0 . o form . L ltes .
bgé(;{?? Sédrétgus hav?r%o%afthé ﬁlﬁgﬁq geratuﬁggg @ﬁﬁ?gr%%ugﬁ J{H& than
Adrd%iléw/w)A suspension consisting of 390 grams of water and 13 grams

of 1,2- propanediol is sprayed on the mixture of rifaximin p form in a fluid

bed 10 4PFaPRYS% SRSABEHSEREYS A A IINWEL ghdiRmiMilish are the
et P I B TR, ST Mo e

umtitithee eueptity axfsdidusmisthnowinénrpbidrrabosdticabteenhisidgg to improve

microgranules is determined (Karl Fisher) and it is equal to 2.2%. The
miRFoprarRiiess 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.



10

15

20

25

15 obtained are submitted to X-ray spectroscopy and the diffractogram,
which is reported in figure 1, corresponds to polymorph p of rifaximin.
Thesaneigsults are obtained when 1,2-propanediol is replacebhg7/002199
erythrite or mannitol. Comparative Example 2 20This example
demonstrates that in the absence of pcﬁyols, a rifaximin with a residual

water c tentéo er than 4.?% does not take the polymorphous p form,
and that1hg B |§K?%ﬁ1cﬁﬂl¥r?§ﬂc%&6‘5éﬂéﬁﬁ G G0 sBRcaRRlies #ier @
P daitRpatatESifliiMorP WiRRt40yrahiNaTich S0t SRR S BiGtion is

same as those described in example 1, where the 25spayed solution does
noppontanely, 2ackiedriediti  poviderCeantainingatheiratBveringnedient, or

B RN ERNSRAERL B b RS TAE F GHBSD Gen be
409 EanetahAtRI AR SR BYaLMR PO PR ﬁsgﬁ @@@Eigﬁéﬁfﬁdpﬁhem a

fluid bed apparatus, using a peristaltic pump with an'11 gr minute
captarity biadenaintaiainbreakerngrerapuesenta torfaeotr the ohidig of the
duriﬁﬁa(aéll the process. The mixture is dried at 80C, and drying is 5

c il the weight loss is constant. The residual water content in

the micrpgeanyiida ARt eRBsRIKKATbFisherop S falR LS 136 dgti\gder

microgranules thus obtained are submitted to X-ray spectroscopy an

diffibsistegy can hepdore indiglaky? tesingsparaltotsipalynade the sbiiftismio the
Comparative EX%TT; le 3 10Thjs example demanstrates the importance of
th%"?ﬂg f

8ERLdY ASHBPIUERIA: 1RYOHT B HERmMRaNES Hteragtion; or
PR BSHUHLRER i WA S e P @@dﬂ?ﬁ‘(ﬂé%ﬁ@vﬁiﬁé"sqﬁgm; for

operations are the’same as those described in example 1,
1exaropkeneti® parspb plistoacpoynp ool pelrtsiaitig fuergstarntidsythaérase of an
group,.for example 1,2 3-propanetriol 15triacetate. 199 Grams of rifaximin
~Plafias Aiewing s feaiSARR ol e 30O U fAYauring a better

terBRA8HER: RlBPaEiddth 1 gram of Aerosil A suspension constituted
by 382.75 grams of water and 12.75 grams of 1,2,3-propanetriol

triacetal/herspthgedyrantiiatinixtise efffe@tethxithie ireadbsd badter can be

apparatus, using a peristaltic pump, with a 11 grams/minute capacity and _
IFRAIAIEY A AR Al SRS T KOPUBC i AR g ot

PHEERRBIJJYE fIUIIUES 'SiRY AhSSafid VeSS PN ULt

weight Iosglﬁs const@ﬁe%esidual water con%eﬁtﬁig t @ﬁ c?ﬁgr%rﬂe’g isb ed

depparzics.(Kae Risyiop tempeisbqeatan2tafddobatwesric3afi@nates 90°C,
are submitted to X- ectroscopy and the diffractogram

th btai
ré%sgf%éai?l ?i%ﬁ@%eébr S rﬂﬂ,dt;gégs Shish dryingalimen 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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WO 2008/029208PCT111132007/002199 11 Example 4 Preparation
of rifaximin O with a residual water content lower than 4.5% in the
£6,0fPEG 400 199 Grams of dfaximin are mixed forgy-fiisiemdth 5
fluid bed 5 apparatus having a inlet temperature of 80 C, with 1 gram of
Aerosil(r). A suspension consistingsof 360 grams of water and 40

grams of PEG 400 (polyethylene glycol with. formula H[O-CH2-CH21-0
iRl 5 A B H&ﬁré’fo{t?ﬁgki%{fﬁ?n ?hﬂid- ‘@ﬂ'gﬂba?gﬁ}g:suglin%%g Same
PEY i j fyagag/minute capacity and maintaining
te%%&?u?g ﬁgaqw@r?%tant value of 80C during all the process. The
mixture Thel g sair88Kijlad drd piagnsaceuticakb techiioleg yvisi b 48 Rbtain a

constant. The residual water content in the microgranules is determined ...
(RERGh i e, Hosiod SO0 WRLS CRUFAT s PRAbORG, e sl
S.g%@ IR Xs[R TR SHPFiecranpaRe difiaeespadiepanadiplication
figure 4 corrésponds to polymorph'p of rifaximin. The same results are

obtsinety whithe salutioretAd riét leseperaiureis geoentyeebbriveen@0°C
Example 5 Preparation of rifaximin 13 Q Lesistant microqranules
tﬁ%ﬁ'ﬂ@%u

wRRG Y ceand Brefarapbohatwest 2P the presence of 1,2-
propaneggl s?mg?exﬁﬂﬁl%ﬁﬁ‘o%ﬁéﬁas {gat ssBR)ydonnected to air
diol aade

1,2-propane d to rifaximin to obtain rifaximin f3 with a residual
whiRTperatars ihatkeeps Al pasadesimniansasgigngienatths phiedtivarwell
in the preparation of films 25 for covering granyles without the addition of
BRI STRGTh A B Al e, o TZBE s R Bl R per ature
P ' I Blisgpeatetipadiedde fast
St A MR OO T e A gppititivape

2Q0R1IA2R2ABRCIRIRANGY Meftir) Witbopowidémaggicrogvatingrepiewenting

with film Glatt GPC 30 type, equipped with an 18 jnch Wyrster system , .
AR TBHESARESE AR LRI LGV 2°HRREP D AR PVHRG Adhle an

desspiReHidn [ ¥peek IHAPIS oo low could cause a mixture temperature
increase with possible degradation of the active ingredient.

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-CHx-CH,]-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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Composition Microgranules preparation Demineralised water 48.107 g
Kollicoate MAE 100P 9.281 g 1,2-Propanediol 13929 Talc 2.475 g
Vinisi.siexide FU 557 g Iron oxide E172 629 The soligip@mpanenis
are homogenously dispersed in demineralised water with a high speed
Ultra Turrax homogenizer. The homoggnized suspension is loaded in the
Wourster type apparatus with a to peristaltic pump and nebulised on the
rifaximin powder mixture and Aerosile 200 at a pressure comprised
between 1.0 and 1.5 bar, through a 1.8 mm nozzle.  Film coating
application is performed under the same conditions as described in table
2. WO ERafipa®208PCI1182007/002199 13

Preparation of rifaximin B form with residual water content

lower than 4.5%

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®.

A suspension consisting of 390 grams of water and 13 grams of 1,2-
propanediol is sprayed on the mixture of rifaximin B form in a fiuid bed
apparatus, using a peristaltic pump with a 11 grams/minutes 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 2.2%. The microgranules thus
obtained are submitted to X-ray spectroscopy and the diffractogram, which
is reported in figure 1, corresponds to polymorph B of rifaximin.

The same 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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Table 2 Process parameters Pre-warm phase Application of coating
solution Drying - Air flow at entrance (m3/hour) 400 100 550 100 350 50

Al tempesaire at entrance (C) 60 + 2 60 10 80 2 Produckiempsaiisiace
(C) 3225-27 60 2 Jet pressure (bar)“()initial phase)

400 Grams of water are sﬁrayed on the mixture of rifaximin g form
in a fluid bed apparatus, using a peristaltic pump with an 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 1.1%. The
microgranules thus obtained are submitted to X-ray spectroscopy and the
diffractogram reported in figure 2 corresponds to polymorph a of rifaximin.

Comparative Example 3

This example demonstrates the importance of the presence of the
hydroxy group in a polyol to obtain a rifaximin in the polymorphous B form
with residual water content lower than 4.5%. The operations are the same
as those described in example 1, where 1,2-propanediol is substituted by a
polyol having the esterified hydroxy group, for example 1,2,3-propanetriol
triacetate.

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.



10

15

20

25

1-1.5 0.1 Jet speed (g/min) 150 - 200 Residual air content on the
microgranules thus obtained determined according to Karl Fischer,

reaulierhaaal to 1.2%. 5The X-ray diffractogram of the micse@raneieso2199
obtained, reported in figure 5, corresponds to polymorph p. Example 6
Pharmaceutical preparation of rifaximin 13 prepared in thermo welded
bags 1%9.12 Kg of gastroresistant rifaximin microgranules prepared
accordi 6%8‘&!3 §xamp|e 5, 19.58 Kg of sorbitol, 0.49 Kg of aspartame,

0.21 K%ﬁigﬁﬁ&ﬁjﬁws@iﬁﬁﬁﬁ%@m o peSYdudt (i PicvRtEHClower

0.21 Kg of heohesperidiné , L. g of cherry flavour and O. go

stiangbbdrsithe grasart:é ofPEEA08icve and then mixed for 20 15
minutes in.a V mixer. The resulting mixture is_partitioned and placed in

therrno MBI REPEIR, LM ERT SoEFa S/t EOUGR i (HEbpec

PArARN R dS sRSReiRR AL MERS W}_%RHGF@'%%W@H%%@.
the thermo-welded bag is reported in the following Table 3. WO
2008/028 208pendiiB conssing i 860 ldestnsS oofpwatentaGd pogiaons of
h - welded b

BRLGIE poisetnyiond Syt with formula H-{O-CH,-CH,J,-OH, is sprayed
on the mixture of rifaximin in a fluid bed apparatus, using a peristaltic
pump with a 6 grams/minute capacity and maintaining 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
0.8%.

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 p 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



(mg) Gastroresistant rifaximin p microgranules 1303 26.06 Aspartame 70
1.40 Anhydrous citric acid 30 0.60 Pectin 300 6.00 Mannitol 300 6.00

NePrhsseargin DC 30 0.60 Sorbitol PCT/IB2007/002199
12

coated films on active ingredients with film Glatt GPC 30 type, equipped
with an 18 inch Wurster system .
At the same time, a suspension is prepared in a mixer under stirring

as described in table 1.

Table 1

Composition Microgranules
preparation

Demineralised water 48.107 g
Kollicoat® MAE 100P 9.281¢g
1,2-Propanediol 1392 g
Talc 2475¢g
Titanium dioxide FU 557 g
Iron oxide E172 62 g

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.
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2797 55.94 Cherry-flavour 160 310 Silica gel 10 0.20

Gastroresistance of microgranules contained in thermo-welded bags is
Siuateshafier 12 months storage at 25C as disclosed in YelgBiwez199
page 2417, obtaining the same results as those obtained on the 5
microgranules prepared as in exampld3L, 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
contaln%@f%xlmln fi prepared accordlng to example 5 109.3 Kg of

troresrstant IIIdXIIIIIII llllbl U[Jdl U IIE example
SRt ch Gli colate, 100gp mé@r%ﬁum Stearat@pyng

sigved on a 0,5 mm mesh sidve piageen n |>@iatmgmlutmme inaV

5& ﬁé‘lc “ tl 'mﬁ ixttre-is-tabietted-using-arotary-tabteftir

‘ppe with oblegp $cpped 19 x 859 4§epunchesso + 50
yi€ Iﬁrﬁg’j’mdlr)al weight of 718 mg, corresponding to 400 mg of rifaximin.

WE-2008/029208PCTH113200+0602199-15The-tablet cOMmMposition1s

repé} %8"?4’ Fa%tféﬁa{'able 4 Tablgpcemposition gg + 10 80+2
entrance (°C)
Product temperature (°C) 32 25-27 60 £ 2

Jet pressure (bar)

1-1.5+0.1
(initial phase)

Jet speed (g/min) 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 8 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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Amount mg A Rifaximin gastroresistant microgranules (corresponding to
400 mg of rifaximin) 650.00 90.53 Sodium carboxymethylcellulose 34.95
A 6ngis8Mes PH 101 24.31 3.34 Mg-stearate 8.74 1.21 7184702199
The tablets are then coated, using conventional pan equipment, with 5 a
hydroxypropylmethylcellulose film in orlfer to improve appearance and to
achieve _%_%st,)tlee-rgasking properties. The unitary film composition is reported

Composition of a thermo-
Components welded bag (mg)
(mg) %
Gastroresistant rifaximin 8 ;
microgranules 1903 2606
Aspartame 70 140
Anhydrous citric acid 30 0.60
Pectin : 300 6.00
Mannitol 300 6.00
Neohesperidin DC 30 0.60
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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in Table 5. Table 5 Coating composition Amount (mg) HPMC 14.07
Titanium dioxide 4.10 Na-EDTA 0.05 Propylene glycol 1.37 Red Iron
Oxide E 172 0.41 10 NICSLIP 16 CLAIMS 1. Use of one or more
ABMPBEIPRI3Bearing at least two hydroxy groups to stabilize SR HAGHY
forms of rifaximin, wherein the one or fgore compounds 5are herein
defined as "polyols".

The tablet composition is reported in Table 4.

Table 4
Amount
Tablet composition
mg %

Rifaximin gastroresistant
microgranules (corresponding to
400 mg of rifaximin) 650.00 | 80.53
Sodium carboxymethylcellulose | 34.95 4.87
Avicel® PH 101 24.31 3.34
Mg-stearate 8.74 1.21

718.00 | 100.00

The tablets are then coated, using conventional pan equipment, with
a hydroxypropyimethylcellulose 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 4.10

Na-EDTA 0.05

Propylene glycol 1.37

Red Iron Oxide E 172 0.41
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2. Use as claimed in claim 1 of one or more polyols selected from the
group consisting in polyols containing two to seven carbon atoms and two

to seven hydroxy groups, monosaccharides, disaccharides, MOSLLP

polysaccharides such as starch, cellulose and derivatives thereof, dextrin
and maltodextrin, xantan gum, 10di-hydifdxy acids and poly-hydroxy acids.
3. Use as claimed in claim 1 of 1,2,3-propanetriol. 4. Use as claimed in
QLAMSf polyol having the general formula H40-CH2- 5. CH2]n,-,-OH,
wherein n can range between 2 and 14. 6. Use as claimed in claim 2 of
1,2- propanediol. 156.Use as claimed in claim 1 of polyol to obtain

ffaximidsa sdliensiaee MarR PRI BSIIRYBRhisasy v Sindenyagspups to
g%ﬁfie(%‘gyrﬁ%%h%ﬁ{%rrﬁg%mmw APk HERXBRE 8 $RYFLSEBIRpounds

stabilize the use of one ore more polyols as claimed in claims 1to 5,
Rigericie B8 rethag skrRI¥Pwater content. 208.Rifaximin polymorph p in

golid stgig, %@Q!%%HXH%%%%P&%%WH&?&B&?&@@%H’E@Q fom the group

claims 1 to 5, independently from residual water content. 9. Oral and

@Qﬂ%ﬁtmdmﬁaisﬁ?@papaﬂaﬁgr&ﬁ@nﬁﬁgsﬁf@anﬁﬁrM@M%neaﬂh% fp seven
Iy stpbgREbRY Wsﬁl%ﬁa‘?ﬂ¥§'sﬁ@ﬁ%@iﬁﬁd@s‘?'aﬂ@?éa@cﬁandes such as

independéntly from the residual water content together with excipients
#ancs rabuwasa &%@e@ﬁﬂ%ﬂé{ﬁsébéﬁe&i SIRMEAR "’I@%ﬁ'&% togdséapixkantan gum,

disiyeIRNtid¥emd \§heRgigners, for the treatment of
pathologiées that need an |b|ot|c thera gn% 10. Microgranules of

dastrordsR @GR TR i hbigradpprasadriol. stabilized with one
Qre Mo(RsRAUKAKFARERIMBMIM Padmsolyta ﬁamﬁgﬁﬁe%bfrémwa% [O-CH,-

residual water content. MCSLLP 17 11. Rifaximin /3 in thermo-welded

S M BENMB G RN SR BAMRER 21RO s of one or more polyols
as claimed nsckadinset th ididependently Bpandiidiesidual water content.

6. Use as claimed in claim 1 of polyol to obtain rifaximin in solid state in the

polymorphous form g having a residual water content lower than 4.5%.

7. Polymorphous forms of rifaximin in solid state stabilized by the use of
one ore more polyols as claimed in claims 1 to 5, independently from residual
water content.

8. Rifaximin polymorph g in solid state, stabilized by the use of one or more

polyol as claimed in claims 1 to 5, independently from residual water content.
9. Oral and topical medicinal preparations containing rifaximin in the
polymorphous S form stabilized by one or more polyols according to claims 1 to

5, independently from the residual water content together with excipients well
known in state of the art, such as diluents, ligands, lubricants, disintegrants,
dyes, flavours and sweeteners, for the treatment of pathologies that need
antibiotic therapy.

10.  Microgranules of gastroresistant rifaximin g wherein polymorph g is

stabilized with one ore more polyols as claimed in claims 1 to 5, independently

from the residual water content.
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12. Rifaximin fi in tablet form wherein polymorph /3 is stabilized by the use
of 50ne or more polyols as claimed in claims Ito 5, independently from the

residual water content. 13. A process for the preparation of rifaximin in MCSLLP

polymorphous form ft according to claim 8, characterized in that rifaximin
in solid state is put in contact with an adueous solution of one or more
polyols as claimed in claim 1 to 10 claim 5, at a concentration of 5% to

399% (WAGXEmintehripdhatme heelvash BWs amegnC Py anparivddstatabilized by

' b d ,and inth id residual
e o SR G P Pl AR BN AEE 20 doc desnteny rom

firesegidual water caaient, for a period of time comprised between 2 and

£ PousdSh . PIRSSSRE e BIRRIRION AR D BOMIATBOHE use o

form ft as Claimed’in claim Cnaracte ol aqueous

sakiiPhEsTelpoeI©Be erdnesd RPbialmasidainaddesdaidendyierdratthe residual
concentrations comprised from 5 to 50% (w/w) is sprayed on the rifaximin

WHELANEDE in a fluid bed apparatus at an inlet temperature between
49C angl 9ficcare thermbdunsrdpaedabirinetigrarbitied iordnphous form B

under an air flow at a temperature between 40 and 90 C.
according to claim 8, 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 5, at a concentration of 5% to 59% (w/w), at a temperature between 30°C
and 90°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.

14. A process for the preparation of rifaximin in polymorphous form g as

claimed in claim 8, characterized in that a polyol aqueous solution containing
one or more polyols as claimed in claims 1 to 5 at concentrations comprised

from 5 to 50% (w/w) is sprayed on the rifaximin g 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.



