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NEW POLYMORPHOUS FORMS OF RI FAXI M N, PROCESSES FOR

THEI R PRODUCTI ON AND USE THERECF | N THE MEDI Cl NAL
WORERAPRKIE ONS Background of the invention The PCT/BRINNG/001755

(I'NN; see The Merck Index, Xl Ed., 8304) is an

antibiotic pertaining to the rifamycin class, exactly

NEW, ROLPAIORPHD R M3k cRiFASIMEN, BRACESTES ror
™ y

T BTN AR i rcrvar

CLUT UIT™S L] Ty T T O™ ¢

1l Ed., 8301). Both these patents
PREE Ng<urification of the rifaximn in a
generic way saying that the crystallization can be
carried out in suitable solvents or solvent systens

anddgggﬂgféﬁydwﬁy% gvkﬂtiﬁﬂme exanpl es that the

pr oduc om ng he reaction can be crystallized

frompy grtiﬁéﬁﬁggftmﬁ' AecCtitg! MECRNPhILRL SFTRANEG C u(%ﬁ] is an

dri ed u at mbspheri c pressure anfd under vac

aNfibideie! 8@@0&%’{19? b QH?’ lﬁi‘PaYn%ht B6ks,t BRSPSk iigeé‘:@)rido-imidazo

condi tion rystallizatlon an dryln , nhor a

rifAmyERC HENGEd 2ha! d19GhEP M GhE *Igz%lf’éé% gaite%{tiler qfl;hhss, while the

obt ai ned product. The presence erent pol ynorphs

EQASh A PRGANEIPUS] 6 1014 g8¢krAnd dd¥eéi1gifs @ prldess for it%groduction
experimental conditions described in both patents d

st ¢e)e BB eEFayiyidin (N ETHO Medck MGexaXTPNBAE RSV,
product having a’suitable purity fromthe chem cal

poi NBot thdsewatamardestFibathd pusithcatidhnl SORPATAiASRSA BSgeneric
of the product itself. It has now be found,

wapesaydeg ebhtythd batstsltiratipal o4 be eyt ell csutsire ¥nisablehasieents or
formation, in addition to the solvent, depends on the

salopdt &'?rstamsoandi sueniaatily ehperiag lines@hevwnaiplest that e product
crystallization and the drying are carried out.

coming from the reaction can be crystallized from the 7:3 mixture of ethyl

alcohol/water and can be dried both under atmospheric pressure and under

vacuum without saying in any way neither the experimental conditions of

crystallization and drying, nor any distinctive crystallographic characteristic

of the obtained product.

The presence of different polymorphs had not been just noticed and
therefore the experimental conditions described in both patents had been
developed with the goal to get a homogeneous product having a suitable purity
from the chemical point of view, apart from the crystallographic aspects of the
product itself.

It has now be found, unexpectedly, that some polymorphous forms exist
whose formation, in addition to the solvent, depends on the conditions of time
and temperature at which both the crystallization and the drying are carried

out.

These orderly polymorphous forms will be, later on, conventionally
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These orderly pol ynorphous forns will be, later on,
conventional lyidentified as rifaximn d (figure 1) and

wo doad4sbn e (figure 2) on the basis of their PCI/EP2006/001755
respective specific diffractggrams reported in the
pr;asent apﬁl [ catl on. ;I]'he pol ynmor phous forns of the
rifaximn have been characterized.throu t he

identétiad qserifinmia %éﬁawfe k) pag rifaimin thI‘Ph%) on the basis of
|dent|f|cat|onb€ haracterization of th

theis|rgsRAqHSUEP eebifrdli e togtm e Ferstasd 1) the Peesget pRRlisasion.

Sgrt rher,%)éffeé}q?ﬁ{‘é}f‘s' iggtgglpétﬁgeeﬁ &@gt ng etzer}lergharactenzed
BT eREn B Gl e POV BV TBG AR or human and

bol yhis Biificiced éaﬁgswc et Offi st Polymoephogs forms
ol REb 3B I, BBl P PEERBIALAR, FBfions o
otfpiidag ot %ﬁ{jﬁenstn. YRRy oty X ﬂfaea?f oPRpAGH Sppdyed wie
pha%aﬁ«;grq@gﬁw xg?ﬁ%%?ﬁﬁ{? G SRR iLted as mecicina

oA L 361 o
pcg?éx'c?(‘rgklﬁ%é%g:‘af o1 61¥nd ‘E%Q!aﬁ € §§é<1‘38§ h(‘fﬁ{?@gﬁn@iﬂe contained in

menti one

a auﬁor | gﬂ)élﬁ’[ﬂ&{t&% rff?ué}%éhgjﬂgr al%ﬁnéc'&%ﬁﬁ&ﬂoglc properties of

regu

thBYdll rbzxﬂte'r&ﬁ cﬁﬁ ?R@Q@fﬁﬁﬁé’ef ah. Jctﬂﬁfng% g%‘aﬂﬂﬁmstered as

mar K requrr acturing

dﬁl WHBeP dAf ! ?(ﬁﬁ@éle fél‘rﬁngﬁ( Ghé &tk aﬁfﬁn‘?oﬁ%}%rh%@' thereof like

ch a way that ey give onngeneous and” sound

L& H1hBilit Shﬁﬁl bV RV, OforhPeesRikItiteE ! FloRvability and
O % LE& ts 19} GH@Zggg I\g]tme f%éleJSPdang% on oy A

w@ﬂ@iﬂlﬁw ywﬁﬁ BSﬁ\Se‘?ﬁeh‘({emgdmééﬁb‘{ﬁ ofCEMP/pgrofll &6 ©f9fuxicological

for guidance specifications: test procedures and

sﬁeﬁewlﬁﬁ@ﬁ EFFédtBFdrss @hd'}ﬁdeéWe shhicicatges and new
drudg products: chem cal substances; Date for com ng

i nt OWIEﬁrzﬂidv@ﬁnehﬁﬁn@@Qg))conﬁhmeﬂe@ﬁhoiuthbmty by the fact that the
above- nenti oned standardi zati on has further been
authorities that regulate the grant of the authorization for the admission of the
drugs on the market require that the manufacturing methods of the active
principles are standardized and controlled in such a way that they give
homogeneous and sound results in terms of polymorphism of the production
batches (CPMP/QWP/96, 2003 - Note for Guidance on Chemistry of new
Active Substance; CPMP/ICH/367/96 - Note for guidance specifications: test
procedures and acceptance criteria for new drug substances and new drug
products: chemical substances; Date for coming into operation: May 2000).
The need of the above-mentioned standardization has further been

strengthened just in the field of the rifamycin antibiotics from Henwood 5.Q.,

de Villiers M.M., Liebenberg W. and Lotter A.P., Drug Development and
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strengthened just in the field of the rifamnycin

antibiotics fromKenwod S.Q, de Villiers MM,
wae@bemser g W and Ldtter A P., Drug Devel opnmePCT/EP2006/001755

andl ndustrial Pharnmacy, 26 (3), 403-408, (2000), who

have ascertained that different production batches of

ngifirlal RBRE Bhe At oiddace B‘ng CRBOFGF o TEE BSCetthE. thae
SRy ROUAT P oF o il 38 ML IFRE L Gy ctteren
m%%f@ﬁ@ﬂgfsggﬁg agfroog #Iggeeéisteap iy, S :%Yi%ren Dolymorphous

R . SO Sy B fis o
iR Bﬁungosf{é?ﬁ%l nmr m@(gfseﬁ)ﬁeﬁf | R0 ONGF L ItABS [diective

oor y cry e rifaximn is obtained

ph"a\(?fn'a%o @51%( 1gg(perl mental conditions the other
nmorphous fornms of the rifaximin are

Obt i) tecngp ﬁotcegk"%?» B?ed"rglé ‘I'I”Qat‘i(;}?tarﬁp'@ymg generically

para er not di stlosed In

di?ﬁkﬁ%g@(ﬁ'ﬁﬂt ’c}Re” geﬂ@h? :]ia%entk | ke 1181 658Shad ‘EP tdl% 1534 it has been

condi ti ons o preservation and the relative humdity

foghdtihar anBkeBbme @R rimental rcrehuﬁim eid 196(§r1f' %rystallme form of
etermne the formof the pol ynorph. The pol ynor phous

thEQ"ifE'é{n%ﬁn 9 btained ivihile YRideE btiedr éi}%rﬁh@ﬁﬁﬂtcomait@ms the other
application were never seen or hypothesized, while

crkﬁ‘ﬂaﬂl'ih@ dolfiabrphain! forMeIERIGRaoLK B0 dbe bbwinkd. Moteyser it has
ave beéen ‘obt ai ned whi chever net hod woul d have been

behogenndv thak nsdihe pangetas, tabsotlashr inoeddisohudieti imshe above-
irrespective of the conditions used for crystalli zing,

méentibned grdeprsediter ftg indtandm she @ondétons ednprestatatione and the
formation of the d and e forns depends on the presence

reddtivehemidityhof thd embigst, dlalviezthei ompsisingrffecbto determine the
tenperature at which the product is crystallized and

foam dhHehepolymongph.wat er present into the product at the
end of the drying phase. The formd and the forme of

t he Thé polymorplane forams bfdhe gyfaxhmsn obgect of the present patent

application were never seen or hypothesized, while thinking that a sole
homogeneous product would always have been obtained whichever method
would have been chosen within the range of the described conditions,
irrespective of the conditions used for crystallizing, drying and preserving.

It has now been found that the formation of the & and & forms depends
on the presence of water within the crystallization solvent, on the temperature
at which the product is crystallized and on the amount of water present into
the product at the end of the drying phase.

The form & and the form & of the rifaximin have then been synthesised
and they are the object of the invention.

In particular the form § is characterised by the residual content of water

in the dried solid material in the range from 2.5% and 6% (W/w), more
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and they are the object of the invention. In

particular the formd is characterised by the residual
w@ovbemeeDf water in the dried solid material POI/EPE®06/001755

range from 2.5% and 6% (W w) ,4 norepreferably from 3%

and 4.5% while the forme is the result of a

R A S AT T —
SR R B S ST SRR o

A SyE S S RSB SR LRI 35, DBy degmine he
LS 058 TR 3 e 508 b SRS cou
o BPLAEARRY SR e S OBmBLTHE R BhlhoRtiom of o
oERBGE LD AL 00 SRR L 5K Pord i qusni
oF JEPELT | S ReBL s SETAABEL ok SRk P PBIE e v
PRI, 58 WBICHoy HALOHIRER 0y 11 ke REH S buined prior G

QRGNS S B SIS ROLEn (v psrgion of

tﬂgﬁ%ﬁ% g'ir(pchl?cts b3 {BECRaARIQIRTdCO8Y G tﬁiﬂérslnc\pﬁ{athﬁﬂe product is

ysical characteristics (Desconbe JJ. et
pRRgfygeoki netic study of rifaximn after oral
admnistration in healthy volunteers. Int J Cin.

Phar RpGeRimifRkerts1is bfdad Dhtiactdrid 9otivitdo \ih e eserointestinal
found that it is possible on the basis of the two

trade ﬁ%ﬂlﬁﬂsﬁ To AW E RSt Sint ¥t ima] YactdriaxXhal Padse IYeli@i$ diarrhea
its level of systenmic adsorption, and this is part of

itdiediipeaiRrobitVardih Ot Hay brefirepsitedithgt dstindiatis characterized
pol ynmor phous forns of rifaximn, nanmely rifaximn d

blyﬂdt ﬁgggggﬁn sgstehtici abp@psion, edte tavies ackiéthicnieané physical

ption of alnbst 100 folds in the range
charateRifdits (Medtotbl A et al.Plomdhacokinetic study of rifaximin after
oral administration in healthy volunteers. Int J Clin. Pharmacol. Res., 14 (2),
51-56, (1994))

Now we have found that it is possible on the basis of the two identified
polymorphic forms of rifaximin to modulate its level of systemic adsorption,
and this is part of the present invention, by administering distinct
polymorphous forms of rifaximin, namely rifaximin 6 and rifaximin €. It is
possible to have a difference in the adsorption of almost 100 folds in the range
from 0.001 to 0.3 ug/ml in blood.

The evidenced difference in the bioavailability is important because it
can differentiate the pharmacological and toxicological behaviour of the two

polymorphous of rifaximins & and €.

As a matter of fact, rifaximin € is negligibly absorbed through the oral
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The evidenced difference in the bioavailability is
i nportant because it can differentiate the
w@b@soeeet ogi cal and toxi col ogi cal behavi our OPCT/RR2008%01755
pol ynor phous of rifaximns d #nd e. As a matter of
fact, rifaximn e is negligibly absorbed through the

o . N : 1 'd ab on.
ANt R T P@qu%??oﬁﬁg?pged, {""n-hZﬁ{ ";'C?”f
: j.G ' ' n e.case o .
b e R
A% G im
aUFSH, IfRILAiRE Bt dase ST S Ce M i agl G TliE abt adyentage of

v@8AIJ® tosi¥il,em ¢ mcroorgani sns, able to hide
t lensel ves and to partially el ude the action of the
t opi OnatHe Bt ] peet _gf
eveng s e SR Fav, FRbRIACE wlicR I IhHE, APLGHRR, cap find an
a@@dﬁtbg%@ usé&! \éﬁﬁ‘%esty!sﬁerﬁﬁ?rﬂi%%hﬁﬂ ! aﬂﬁgtt‘érl‘liﬁle themselves
resi stance to tthe antibiotics. erally speaking, 1

and t@lpwAyA1PeRfIDHR ddlid6f IRelAREYhiibiRIACt i ce wi th

antibiotics to i nduce bacteriall resistance to the sane

or tIn eddpRet aftpdekibie %db@fs%?&%rﬁ?!c%ﬁgi&f‘t@fthé eRérabeiic use of
strains. In case of rifaximn, this aspect is

rif@tiiiaw aparyicuedrerddfancel i9GRe ihiaxtioh B riRlcan9s LeQistdifee to the
rifamycin famly, a nenber of which, the rifanpicin,

ant$biotfog&hondrallst sipRakinpeicisl A1%ias RBEMY in ThEtidthp&Mc practice
short course treatnment of tuberculosis is a

wiihndntilzibtion to hedagy bactesihl tardsthbé t@Eld ¥@me or to other antibiotic
pharmaceutical ingredients: rifanpicin, isoniazid,

theohghiselectioansf wyistantgraide. and among them ri fanpi cin
plays a pivotal role. Therefore, any drug which
) eoplar chiseealf rifiexiaiihi ¢chisyaspbct epdiicudanyy bylesah€aind@rifaximin
for resistance to rifanpicin would be harnful. (Krener
belongs talthe tikemycin famély, afmember oflvasich; tisé rifaegics, is largely
and treatnent”, Expert Opin.lnvestig.Drugs, 11 (2),
usks3- s 7tubepadapis.  thergpsi.ndih® ecurdremiki stiprat cobese treatment of
structural simlarity between rifaximn and o .
tubiereitpsisi is, ai ecombitatiase tharepy binyobyingsfowr actieeiphanmaceutical
. select resistant strains of _ _
ingredients: rifampicin, isoniazid, ethambutol and pyrazinamide and among
them rifampicin plays a pivotal role. Therefore, any drug which jeopardized
the efficacy of the therapy by selecting for resistance to rifampicin would be
harmful. (Kremer L. et al. “Re-emergence of tuberculosis: strategies and
treatment”, Expert Opin.Investig.Drugs, 11 (2), 153-157, (2002)).

In principle, looking at the structural similarity between rifaximin and
rifampicin, it might be possible by using rifaximin to select resistant strains of
M.tuberculosis and to induce cross-resistance to rifampicin. In order to avoid
this negative event it is crucial to have a control of quantity of rifaximin
systemically absorbed.

Under this point of view, the difference found in the systemic absorption

of the & and & forms of the rifaximin is significant, since also at sub-inhibitory
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M tubercul osis and to induce cross-resistance to
rifanpicin. In order to avoid this negative event it

w0 goo60usbnl to have a control of quantity of rPEEHEP20061001755
system cal |y absorbed. Under g his point of view, the
difference found in the system c absorption of the d

or s .of. the.rifa@%ﬁm n.is,si Eg]ific n

o 5Tt 0L BY PTG SUSh clinih albRobAEe OFF ARPhch! Gudn H/ml
slgeih shienaPlofinl’ Boehou Asmabipias Fo PROQISELF YMarchese
At i T8 oSS of Hiskyi. Hidsronittedlotnd Shofmscin against
ofPskidfin i@ GEaREh Fa:FEbA AT sBoRRaRbEn R Stahy utants
GRERG cFRPREOANYE ab oS DR FERRNFTLREL dpRREE “ammonic-
piiT SHE R e dBeHIR 2 AP B " e

exi S}X%%ﬁdgﬂ tﬁ)g;r@%sﬁb%&/{?ﬁﬁi ?ﬁ]eeﬁjmﬁlbf'tgﬁb%nro? the present invention,

pol ynorp ( and 1o various* I ndust _
¢h %UI&FW rt?n@gkﬁ’b'\ﬁf?ecfgeen%?thfeoﬁfﬁt ! ?9 tﬁéf%l%\?eminentioned
phar macol ogi cal” properti®es, is clearl'y strengthened.

ria%\smﬁﬁoggél rbﬁeﬁ% FoBd Gdd’ P SAPRioRs industricfl&ctré)utes for

ant ageousl y used as pure and honbgeneous pro
maRuFAQuFRBYSAE 34 £1eOfor RINGIAB! diPfe? i3 ological ti
cont ai ni nguéi faxi%ien.orAs al rlegdy1 salelgt,rﬂ%e proo%%lgg porpertes,

is"@eR 1§ Gltenighgerdd, axi mn fromrifanycin O di scl osed and
clainmed in"EP 0161534 is deficient fromthe point of

vi ewrRE ableeRHEAfibST BUN IS orndle BAM bé%&ﬂaﬁfa%%umﬁused as pure
product obtained; it shows sone limts also Trom'the

and Midaben®RiNprodustsei ahe! BGALESctutOrofl REABER] pfParations
very long reacfion tinmes, from16 to 72 hours, very

containiggsifaxadie for an industrial use and noreover
because it does not provide for the in situ reduction

of tAs alidadlyisaid theiptbzess ﬁdirahammﬁacbﬁirﬁ%tilfeﬂin}ﬂnt from rifamycin
the reaction m xture. Therefore, a further object of

O tsclhusedentd clavasdiiorEP 9 181 5B41is dlefitient from the point of view of
the purification and identification of the product obtained; it shows some
limits also from the synthetic point of view as regards, for instance, the very
long reaction times, from 16 to 72 hours, very little suitable for an industrial
use and moreover because it does not provide for the in situ reduction of the
rifaximin oxidized that may be formed within the reaction mixture.

Therefore, a further object of the present invention is an improved
process for the industrial manufacturing of the & and ¢ forms of the rifaximin,
herein claimed as products and usable as defined and homogeneous active
principles in the manufacture of the medicinal preparations containing such
active principle.

Description of the invention

As already said, the form 6 and the form € of the antibiotic known as
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process for the industrial manufacturing of the d and
e forns of the rifaximn, herein clained as products
wapwensmhi e as defined and honbgeneous active PCT/EP2006/001755
principles in the manufact ure, of the nmedicinal
preparati ons containing such active principle.
Description of the invention As already said, the form
rifaxintint NN pr pracesses fier dheir pmoductionoamd dhei fisexitiéneof in the
(INN), processes for their production and the use
mphyiagtre of myediginalfpreparationss fiowdiral paltopicapaosie] ans object of
for oral or topical route, are object of the present
therprgsenioimventiohocess obj ect of the present invention
conprises reacting one nolar equivalent of rifanycin O
wi t hAdprosgeeebjast of theipresentrisvaytipy cotiprésespreatiingtine molar
from2.0 to 3.5 nolar equivalents, in a solvent o
equiyalgnd phoefynygi & with eéamyaxceps ool 2-pminet4rmathylpyridine,
rati between 1:1 and 2:1, for_a period of time
pr@%@x@iﬁx fyomnd. & 1o Glip analarsequiplanis,uite apwalyerihmigbee made of
and 60C. Al he end of the reaction the reaction mss .
watercyl eﬁlyg éltl?‘&%fh‘m nerpiemeitieaating beswaemdgl andr2:4, for a period
al utjon of ascqrbjc acid in a mxture of water, ethyl
oL EEhBFtwERR aaacﬁéowérﬁééh&wwtwdqeéwpaﬁ% Gagnd60°C.
under ;strong stirring, in order to reduce the small
amouit g &%ddi%&lq—irﬁaﬁﬁlﬁvnﬂwgpa%?%m@aﬁwg copied to room

reaction and .final]ly the pH.is. brought tq abauyt. 2.0 b
HESTENER 80 b atRlecuatty bsolblioRo RE AEPHTE It o acmiKture of

B O T AT —
sl BEHRP  TEEIRERA AT bl LSO ERI i g rorms
GRS 04T SR kb 15 R B SR B pans or o
G AR BRI AP o801 B ARG i i
ol BEBIUELLAD I ey of MRl AR g i e
réktion. The suspension is filtered and the obtained solid is washed with the
same solvent mixture water/ethyl alcohol used in the reaction. Such semi
finished product is called “raw rifaximin”.

The raw rifaximin can be directly submitted to the subsequent step of
purification. Alternately, in case long times of preservation of the semi
finished product are expected, the raw rifaximin can be dried under vacuum at
a temperature lower than 65°C for a period of time between 6 and 24 hours,
such semi finished product is called “dried raw rifaximin”.

The so obtained raw rifaximin and/or dried raw rifaximin are purified
by dissolving them in ethyl alcohol at a temperature between 45°C and 65°C
and by crystallizing them by addition of water, preferably in weight amounts

between 15% and 70% in respect of the amount by weight of the ethyl alcohol

used for the dissolution, and by keeping the obtained suspension at a
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a tenperature | ower than 65C for a period of tine

between 6 and 24 hours, such sem finished product is
w@ 200begheszdri ed raw rifaximn". The so obtai nedPCH®BP2006/001755

rifaximn and/or dried raw rigfaximn are purified by

di ssolving themin ethyl alcohol at a tenperature

bet ween 450C and_650C and by crystallizing them by )
teaperatuse stwiggne? 0°Grasmde P36] ynder wiirgng duvbugta period of time

bet ween 15% and 70% i n respect of the anmpbunt by wei ght
bedweend ardhygb gwshol used for the dissolution, and by

keepi ng the obtained suspension at_ atenperature

bet weth sesROsiY i0bidteed @andsherobtainedusolid) 1s washedgwish water
IHHE aet en 4 and 36 hpurs. The suspension is |, .
angd prigf NGV AHBID TP MET RRAMA PEeSHRESh JHIth athwikdopt a drying
and dried under vacuum or under normal pressure, W.th .
agsntypl hERPPSIANLR RgtViFonthe toony t@@ﬁﬁ@ﬂma@é daSsEeker  period
he r.oqom t enper re and 105 OC for a period of tine
SRR TS

WS. The achi evenent of the d and e
for nditi osen, for

ey or REBEY Bt b TS frind § Eing BEDEHH,GR e SRnditiqnsechosen
fof it casBiteatiGn, I mptiiiar o SboRtiort SF BB ddent mixture
fefl WitiChrthe T it ifilion 15 S Rt 20, B Rttaise ot yhich the
reBRRAS TR lePE 18 hecRtren O SePb B Aighn ahlCie BRRpR, of time at
wRIHBAE hRpBratRl R ERRR BROAARhIRARAD order (o

gl nni ng rzation,” then the
ana 05e Brtr it Y da oFUREREHER, JRE BN when the
tegfistEife ds R Mot To, 4 JElhd BErRURE R dpl oG 1 drder to
o P 5L S5 SR B o

AP eESein - YIS UL AT 2B of e
b&wedn 6 and 24 hours, then the suspension is quickly cooled to 0°C, in a
period of time between 15 minutes and one hour, is filtered, the solid is
washed with water and then is dried.

The step of drying has an important part in obtaining the & and €
polymorphous forms of the rifaximin and has to be checked by means of a
suitable method fit for the water dosage, like for instance the Karl Fisher
method, in order to check the amount of remaining water present in the
product under drying.

The obtaining of the rifaximin 8 during the drying in fact depends on
the end remaining amount of water which should be comprised from 2.5%
(w/w) and 6% (w/w), more preferably between 3% and 4.5%, and not from the

experimental conditions of pressure and temperature at which this critical

limit of water percent is achieved.
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suitable nmethod fit for the water dosage, |ike for
i nstance the Karl Fisher nethod, in order to check the
w@ewane466f remai ni ng water present in the prodeCt/EP2od€001755
drying. The obtaining of thegifaximn d during the
drying in fact depends on the end renai ni ng amount of
wat er whi ch shou] d be cogp\rﬁié@ed from2.5%(ww and_ 6%
4

6

(W i, OTSF do rtdpisy Hin POy \adsaTeg arfermn BdaasHeostari from the 3
forii i 4 b 31 DROBRUR R e dAREIINdRh fac T gE gt atmospheric
PIRRSGFOELTRORIMPEAAE b AL ikh (PRBRFENES iPoPih Bisgenge or in
thg FRSRR8 o e AP BRI (A Bre oY ol RFClpged for the
.tenperatures, . in_.the presence pr in.the absence of
tigge g Ssang s0Lhah i PoRYETS It 1 FRrmFyis AT efr o) onged

1 A oI AR e OF bt A AT R Stell, e absord

h i.e. th b i I i bl i
o, BRI N SEPRLCHE LT o SR ffunave
. i LV st ' .

e SABRS  Br b e iy B R B g, gusceptie of
trﬁﬁ@aﬁjtntajci?ﬁstof({tﬁg} ?%n{'ormto another result to be very

Important in the anbi

of the invention, because they

can B %n?hgcﬁﬁqﬁloh)( %n@%&‘ﬁ%aﬁ} H{x{)ﬁﬁ%r TELNP o fb%r\é?rytigleportant in

obt al ni ng ormdesired for e production

thg‘l3 .o\i;)\gn?ig tl?i[frfr}?e{nﬁfdno Hecalfié "tl‘?éap E&n btehifl} RIREERHd ffufacturing

e rifaximn Into rifaximn e In a

méfdd fbf‘%éﬁﬁ% AR IdRsirBR Aok ahe pPRSductiont BE the medicinal

i nventi1 on. rocess concerning the transformation

pibpat&iford. FPRL¥Sred thBtobbdAMAD 4116w § ABPHUrS GBe HiPdxifhin & into
the rifaximn d under 'vacuum or at atnospheric

riPhEsEH Ein &validaRdusHERA 'RAME 18T infortind patesP tHeainedsion.
In the presence or in the absence of drying agents,

and kpeppragebs ddicetnid@l ithe @indforMatiohi bf tthe rifaximin & into
conversion is obtained, usually between 6 and 36
rifBHESn € comprises drying the rifaximin 8 under vacuum or at atmospheric
pressure, at room temperature or at high temperatures, in the presence or in
the absence of drying agents, and keeping it for a period of time until the
conversion is obtained, usually between 6 and 36 hours.

From what above said, it results that during the phase of preservation of
the product a particular care has to be taken so that the ambient conditions do
not change the water content of the product, by preserving the product in
ambient having controlled humidity or in closed containers that do not allow
in a significant way the exchange of water with the exterior ambient.

The polymorph called rifaximin & is characterised from a content of
water in the range between 2.5% and 6%, preferably between 3.0% and 4.5%

and from a powder X-ray diffractogram (reported in figure 1) which shows

peaks at the values of the diffraction angles 20 of 5.7°%0.2, 6.7°+0.2,
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From what above said, it results that during the phase
of preservation of the product a particular care has
W 200b@9466ken so that the anmbient conditions doP@DEP2006/001755
change the water content of e product, by preserving
t he product in anbi ent having controll ed hurri dity or
in closed containers that do not allow

7-875his i %Qn#oxgaygt%éoe%cﬂgrfbéboo? vidk &1 4—‘-Q/vflt hl]t Ret0.2, 12.1°%0.2,
xt nbi

175%?@@? 170 Ty bstonh tae 00 e i 2 18 1Pl 2T 0°x02,
{ 5% and %

2%5%“552#& OORITDR ﬁﬁiecgreﬁfgg knggﬁlgﬁem%%%ﬁgﬁ?%@%m a powder

ch shows pe ks at_ .th ues of

Xgagfcilg@g% ,gr;gﬁgQrggorj@}ié]p IZUE 2 W 1(.3&)9'}50\775 g@al%s at the values of
g igisagtion wnglss 20 of 14821 6505 %4 62 ST 10.3°40.2,
ket a T s s BRSO A Fivden 3G 0 2. 1807202,

1 re @rted in figure 2) which shows peaks at the val ues
of & diffraction angles 2Qof 7.00.2, 7.30.2, 8.20.2,

6. oB dtyAcEsams shyé bethy Epfen iecBypehls Bt He Philips
X %’t? 08 n{rfegﬁg%&@%&% ﬁrl{@?%gg%r en?igﬁ%f geeldnﬂ)?tr\?j ePrﬁf Yunder the
| rki :
fotfﬂoqi ok SHRERH® K 12 7K (82) rensi on Qﬁge

curr h ator KV 40, mA 40 Monocr omat or:
%n;{aé/ EPépe% 0.02 Tinme per step: 1.25 seconds

S ity arpkegioa e Soo 6 e
anal ¥§£do5 3M8! &irent of the generator: KV 40, mA 40

Monocromator: Graphite

Step size: 0.02

Time per step: 1.25 seconds

Starting and final angular 26 value: 3.0°+30.0°

The evaluation of the content of water present in the analysed samples
has always been carried out by means of the Karl Fisher method.

Rifaximin & and rifaximin e differ each from other also because they
show significant differences as regards bioavailability.

A bioavailability study of the two polymorphs has been carried out on
Beagle female dogs, treated them by oral route with a dose of 100 mg/kg in
capsule of one of the polymorphs, collecting blood samples from the jugular
vein of each animal before each dosing and 1,2,4,6,8 and 24 hours after each
dosing, transferring the samples into tubes containing heparin and separating

the plasma by centrifugation.

The plasma has been assayed for rifaximin on the validated LC-MS/MS
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has al ways been carried out by neans of the Karl

Fi sher nethod. Rifaximn d and rifaximn e differ each
w0 cwapteber al so because they show si gni fi cant PCT/EP2006/001755

differences as regards bioavgjlability. A

bi oavail ability study of the two pol ynor phs has been

carrjed, out on Beagle femal e dogs, treated them b )
mefhad ad the manimainy gbseire RIS/ wqentr@a@@m@naxidh@ time to

refeip g P (ShaRhH bR e eRHRAE L HOBGSHABUAR rime curve
AW BabpiER WP BILS Containing heparth and

e Dt Heaipabl 370 e i She tnbovenedabl 1 clearly show
g AUBKIRHT o PERLEION RO PHL PUSCHERXING Bnis, absorbed at a

vl Tl 108 4R 0PEioh A Tn BE SRR B ) IF 1.0 nim1

dat ted in the followng table 1 clearly show
thatar#ﬁ%g(i mn e is negligibly absorbed, while

o) AT aE R Bt flen 455 Yol ppliokphs fotlowing
siflplrat A B SRR 00 e BT I ulfS 0 Hmate dogs

adm ni stration of 100 ng/ kg by capsules to femal e dogs

The—above—expertmental—resutts—Further—potnt—ogt—the
di fferences existijng amégaxhe twp ri fEmiani n AUCO0-24

pol ynor phs. The fqrms dngfimle can|be addant ageous! yg.h/ml

used i n the produdtion T\{l medi cr i preparations
havi ng anti bi otic |acti vi't§2Rcont ai ni n Alaxi min, fHfean

bOtﬁOBgl?dﬁﬁs topijcal uggg 3jhe nedici naldz preparat i oNf1

for_or contdin the rifaximn d and e together

W t Roliforyfial exdi pi ent§,8%s diluting agents |ike 42

nnnnn o [ h pal N AN L+ ko

R —Ea nd carhbit o lndi o
TarmmT T ur, ract oSt darnu SUYUTrour tulr, T T Ty ayg|T S I I KT

oL i el kAR SRR s b4 38 SFL i Bhgocs cxising
among the two rifaximin polymorphs.

The forms 6 and € can be advantageously used in the production of
medicinal preparations having antibiotic activity, containing rifaximin, for
both oral and topical use. The medicinal preparations for oral use contain the
rifaximin & and € together with the usual excipients as diluting agents like
mannitol, lactose and sorbitol; binding agents like starchs, gelatines, sugars,
cellulose derivatives, natural gums and polyvinylpyrrolidone; lubricating
agents like talc, stearates, hydrogenated vegetable oils, polyethylenglycol and
colloidal silicon dioxide; disintegrating agents like starchs, celluloses,
alginates, gums and reticulated polymers; colouring, flavouring and
sweetening agents.

All the solid preparations administrable by oral route can be used in the

ambit of the present invention, for instance coated and uncoated tablets,
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agents like talc, stearates, hydrogenated vegetabl e
oi | s, polyethylenglycol and colloidal silicon dioxide;
waele@®sneeer at i ng agents |i ke starchs, cell ul 0SeBCT/EP2006/001755
al ginates, gunms and reticul atigd pol yners; col ouring,
flavouring and sweetening agents. Al the solid
reparations .adnj ni strahl e by oral route can pe used
cBhSTRS Tl PR Rl hadefrIotinge BB COsisH THG: dpemnges, wafer
oat ed tabl et s, capsul es nade of -soft and

Sﬁgatﬁfggﬁgﬁ%iat%gfp%‘ﬁ W-W@EF&???' | ozenges, waf er

rea dikanenicEha SEpaftS: fryhpieal uiE ATt b ritagimin & and o
gt M SR AL 1t i gt LS Wk, tanoline
a0 AXRVRHS: HRER efeflly iiCafiel aploriemebsoby spinm laury!
sffhls! ST B FRE RIS heiotbo Bslgfh i e faty
Pg@@é{eﬁlﬁ%ﬁg : g%gg,?’lsg&%é zlcg{ecﬁgé?%azé?e?r aﬁl?fberyl monostearate,
o L PR BB ST ol e s sbisqlgngmethyloeliulose,
S ARy R o Rl 96 | DL " et Sipe bR fbE, colloidal
A AN hferedRirA WReABEs iRt e poradies,

the creans, the gels an otio he invention is

her ein] Rge Qngdaltl a@‘gﬁ)@?ﬁﬁ)ﬂsr Oih R qujﬁl'ﬁez ahitAt #%the present

not have to as alimtation o I nventi on:

idvear oM afor dasehcbatle siatthts! fhé PoimfsdeRé ckdahs! R gels and
fornms d and e can be obtai ned by suitably conbining

thetovesis. t hem t he above nentioned conditions of
crystallization and drying. Exanple 1 Preparation of

raw Mheanvehtioand Rdredlt betbw aukirhed Mo Isdnge examples that do
t hree- necked fl ask equi pped with nechanic stirrer,
nbhdravenwt e taken as a limitation of the invention: from what described
results in fact evident that the forms § and € can be obtained by suitably
combining between them the above mentioned conditions of crystallization
and drying.
Example 1

Preparation of raw rifaximin and of dried raw rifaximin

In a three-necked flask equipped with mechanic stirrer, thermometer
and reflux condenser, 120 ml of demineralised water, 96 ml of ethyl alcohol,
63.5 g of rifamycin O and 27.2 g of 2-amino-4-methylpyridine are loaded in
succession at room temperature. After the loading, the mass is heated at
47+3°C, is kept under stirring at this temperature for 5 hours, then is cooled to
20+3°C and, during 30 minutes, is added with a mixture, prepared separately,
made of 9 ml of demineralised water, 12.6 ml of ethyl alcohol, 1.68 g of

ascorbic acid and 9.28 g of aqueous concentrated hydrochloric acid. At the
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and reflux condenser, 120 m of dem neralised water,
96 m of ethyl alcohol, 63.5 g of rifanycin O and 27.2
W@ 2@h/02466211 No- 4- net hyl pyri di ne are | oaded i n SPCTEBRRDE0N1755
at roomtenperature. After t{ie |oading, the mass is
heated at 47+3 0C, is kept under stirring at thIS
te eratur for hour s, Een i's cool edto 20+§
gl uAss ]|SS eRfqBRdes SHrgng; i, 28 minutes at an

eared se ara f 9n1 f demnerallsed
nx‘ﬁ%rﬂ Lemperatue of 2DERYE. Sh, Sttt BET, 772 ¢ of

gt B}ﬁé@ﬁgl%;lct% %%3@585 GpHE arp Shaf fapd. ©
ot e, Pl 0F th'sdBidhr ﬁ&ﬁiagi i Rep Clile Hirsineyaiays of an
oy ARG 9 0 80,y e 1
3 By 0B S e LD 2 B P i
vl O fas ahbet s oRiE HIRSTS ol APsy HeaRingin,(89.2 o)
18%8@ gﬁd%}(lvaglrlﬁ hQ{ Thete e(}gﬁﬁ'{%%g lifiY)VuH Bg@%ﬁﬂ?x&r 64.4 g of

er vacuumat room er ure

(?Alﬁe(i] gé%shﬂg \?ngg}fl sh \gs fwalk 'c%ﬂtér@végg}bf ?(ES 99 S tproduc’c

hows a wat er con eqg ual

bg%fugﬂfe'ihgfydﬂéy@?&auggﬁuﬁaﬁﬁﬂmtﬂet Wel% eo?f"%ﬂbt of)f drled raw

aximn havin wat er cofnt ent

rlfé:%iﬁ{m a 92 WORRG Udn&RCt ?"?&03 e pqagéset Qifi8ctogram

ynor pho formd characteri roma po X-ray

@’ %@@%g&;gf@?@%%%g%g@ki%rgltofi‘z’cﬂa‘t‘&@?tgﬁ%eé;ﬁgbﬁﬁaéﬁv@(ﬂer X-ray

0,412 0, 17e 26.7°
A Bt ifide oo et 30 & 57 o260

7AP2duLt 8I@>£@y9rcssmm9 Fxarp ©, 21 PReROIAL i 0/3°eD.2, 12.1°40.2,
rifaximn e Exanple 1 is repeated and after havi ng

1Plorabredi 1 Berg 2f arnsotde, $8|3°¢0ppWiRR+e. %, urd. her0 dr 24d)°+0.2,
under vacuum for 24 hours at the t enperature of 65C.
21.5°+0.2. The product is hygroscopic.
Example 2

Preparation of rifaximin €

Example 1 is repeated and after having obtained the & form, the solid
powder is further dried under vacuum for 24 hours at the temperature of 65°C.
The product obtained is rifaximin & characterized from a powder X-ray
diffractogram showing peaks at values of angles 20 of 7.0°+0.2, 7.3°+0.2,
8.2°+0.2, 8.7°+0.2, 10.3°+0.2, 11.1°%0.2, 11.7°+0.2, 12.4°+0.2, 14.5°%0.2,
16.3°+0.2, 17.2°+0.2, 18.0°+0.2, 19.4°+0.2.

Example 3

Bioavailability in dogs by oral route

Eight pure-bred Beagle females dogs having 20 weeks of age and

weighing between 5.0 and 7.5 kg have been divided into two groups of four.
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The product obtained is rifaximn e characterized from
a powder X-ray diffractogram show ng peaks at val ues

w@booanglees 2Q of 7.00.2, 7.30.2, 8.20.2, 8.70.PCT/EP2006/001755

10.30.2, 11.10.2, 11.70.2, 13440.2, 14.50.2, 16.30.2,
17.20.2, 18.00.2, 19.40.2. Exanple 3 Bioavailability

in dogsvtby oral route Eight pure-bred Beagle fenales
dogsThRa sy oddhgee iegovp hagebesiytrsateghmith pidesisain §, the second
and 7.5 kg have heen di vigﬁﬂﬁ;,nto two groups of

WG FiTapHEIA & Gefing ity PgsPIRsEAUTd-eat ed with
e BB G 5 S0 s of one
P et A e S LT b o2 o
CFARRSE Srce SR Tl SSRGS e s e
abphpiob i Fooh b e hels +T GondRiueitith ng
R S0nEl 57 e P 560 bl o o
«Rifregilon’ T PRS hoen sl dhe aldiyh lpos pifuiidpd into two
ofiaferkeraitolaoh Wl ek BR kT (o ot andard
o1 as ARERBRNTRR SonBRRtY Bl Pre e WG TodRg bV mgans of the
VAR TSt PP i B8 AGavdbE, ReBlfRRcRive been
o415 FRE HERRRARL “Tasitiel e HEPH R SRR ore
2?3\?\%‘% fgﬁfagcifntﬁ%] oAb%eI‘\;'&PBIasirﬁ]a L6RREGalbn "df AFANn in the
plasma;
Tmax = time at which the Cmax is reached;
AUC = area under the concentration-time curve calculated through the
linear trapezoidal rule.
The results reported in the table 1 clearly show how the rifaximin 8 is

much more absorbed, more than 40 times, in respect of rifaximin g, which is

practically not absorbed.
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practically not absorbed. CLAIMS 1. Pol ynorph of the
antibiotic rifaximn called rifaximn d characterized
w0 e@agdeemt er content in the range from 2. 5% (I TEP1006/001755
6% (W w), preferably conprisgd between 3.0% and 4. 5%
ﬁng frgm a powder X-ray diffractogram show ng peaks at
of the diffraction angles 2Q of 5.70.2, 6.70.2,
7.10.2, 8.00.2, 8.70.2, 10.40.2, 10.80.2, 11.30.2,
12.10.2, 17.00.2, 17.30.2, 17.50.2, 18.50.2, 18.80.2,
19.10.2, 2 1.00.2, 21.50.2. 2. Polynorph of the
1ant i PoBih6rpH b®the! éﬂ??ﬁ@%fa‘xﬁﬁ’fﬁ "Ballle ﬁﬁi’:}{iﬁﬁheg \ch&fhcterized
froma powder X-ray difrractogram show ng peaks at
63 Uefratér Ebtedt fi A6 iraf efF&?‘le?.S : ; :
BT 5y Sometit 198 Ate Afing? 2%@?‘7”3@%%@%&%pvreferably
compeibed bdivedd 2.0% and043% 18n8%rém 9:37047%& X3ra diffractogram
X e

Process for the production of the rifaximns d an ,

sEOWIRE RakT 0 vAlub I heBiffiacHN! ¥Rd18H 2004 . Fary Qi 15.7°40.2,
Ois réacted with an excess of 2-an no-4-

TEtny? P 0dime, Pretenably.4Prom,210.9°e03,5 1Moi=e0.2, 12.1°+0.2,
equi valents, in a solvéent m xture made of water and

1210%0. 2 £PB3ek0i2) VobeweDr 1@, 5at0.25 1 Bgoween 19 1°a03, 21110°+0.2,
for a period of time between 2 and 8 hours at a
2052t ure between 400C and 600C, the reaction nass

is treated at roomtenperature with a sol ution of

2ascoPbiymarpld oif rtha antidiotie mfaximtirrcaldhsifaxdhdaholchargtterized
concentrat ed aqueous hydrochloric acid, the reaction
froas o pewleoXghdy tiffadt@g@nbyhowans pedks anealues afatle diffraction
aqueous sol ution of hydrochloric acid, the suspension
ahglefsi 20eof d.01HR2s A3 UH-0Bt 8.28H0.2s 8@ashead, vit.B°+ha, 11.1°+0.2,
same water/ethyl al cohol solvent m xture used in the
14 e610i. 21 2.4A20 2avi4r. 5 Hek 2 il 61.38 6000t 141. %D .25 1 B0 dl h°+0.2.
dissolving it in ethyl alcohol at a tenperature ) )
3bet wleocesS Con e pEBlliction afzthsirbigximenspd end s, charasteriged in that
addi tion of water, preferably in weight anounts )
apaolte gquBwenidol gtkamy cie P aist regetadnhavitle iaghexeass Lot 2odmino-4-
et hyl al cohol used for the . )
methylpyridine, preferably from 2.0 to 3.5 molar equivalents, in a solvent
mixture made of water and ethyl alcohol in volumetric ratios between 1:1 and
2:1 for a period of time between 2 and 8 hours at a temperature between 40°C
and 60°C, the reaction mass is treated at room temperature with a solution of
ascorbic acid in a mixture of water, ethyl alcohol and concentrated aqueous
hydrochloric acid, the reaction mass is brought to pH 2.0 by means of
concentrated aqueous solution of hydrochloric acid, the suspension is filtered,
the solid obtained is washed with the same water/ethyl alcohol solvent mixture
used in the reaction, the raw rifaximin so obtained is purified by dissolving it in
ethyl alcohol at a temperature between 45°C and 65°C, by causing the
precipitation by addition of water, preferably in weight amounts between 15%
and 70% in respect of the weight amount of ethyl alcohol used for the

dissolution, by lowering the temperature of the suspension at values between
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di ssolution, by lowering the tenperature of the
suspensi on at val ues bet ween500C and O0C under
W@ Riosd4ee2 f or a period of tinme between 4 and 3BCTIBPR086/001755
lastly by filtering the suspeggsion, by washing wth
wat er the obtained solid and by drying it under vacuum

Qi RS BRemy g or”agﬁe”rioq ?}Eﬁéivgtv&gwe&te%%&rﬁ@ o, lastly
by AR, J0 5SSt e sPisbied i alor tf AL S and by

rifaxim ract rlzedlnthat af

&pyrﬂﬁg {6 g B é‘Pd?’bg?‘?fg‘ oRR T oTEa biessiiRG Pt Fr without
et RESHT L A N Smp AR et beb oo FomPRi R, My C for o

%fm{i %Eeﬁﬁmégﬁﬁ’b%%’?éhgn@o%@ﬁuﬁge?b? Tring Tor a peri od

45" pebfBisRs Mot 0 ZhaliR 35 ot DR drolifcfif SF yigfkimin 8

c %gcﬁﬁiz%r 111bﬁie{13%f{ th@ra%ﬁliilﬁﬁq)f{\k}%ieqrt}ﬁ'ﬂﬂg &B?ﬁgles?lﬁltiioﬂ of the

tal ne IS carri e nt en

ra[V@"?i;{(ralxs}{el et vvee’s é%ﬂ%&)lg 1%&\@{)}’&9 %Vagf%cess e{afllc%%or% anS 32°Cin
ofcﬁer%adamsg tlerbggﬂg'uH%%te' st%ﬁlliegf Nofobtained suspension

aracteri zed rifaximn er vacuum or a

1sak%l:95ﬁ»‘ée‘h PORS %ﬂHeSO"@ uh@ s HifiR rf@f' ‘drﬁ‘el%d f tﬂh@ hbetween 6

ratures, in the presence or | t he ‘absence of

afdl YN goaBethen iPIOCoaRM, tinad p%ﬁ%ddéf’h'ﬂge betweSh A08MAnutes and
for the tine necessary So that the conversion in form

ofie IouRCH) Y€ hefBre WemeOfiltehed, rddditietifyiflgioT thessolid obtained is
preparation of medicinal preparations fof oral use

cifridd ant uhtiPtal wakhtdottbyt ided baigeMilon DhSYLEMAL) to 6% (wW/w),
exci pients like diluting, blndlng, | ubricati ng,

peéfRtaBleWonipriged beivessnl 3.9% hhdviosivd.ng and sweet eni ng
agents. 7. Use of the rifaximn e in the preparation

50f nedbedspabcpsritag ato oclaithod doal thes eproidubtiant iofi oifarimin €
activity together with the usual excipients |ike

cHatactériged by ridiying rifarkiniinad under dacuurhegrattatngpspheric pressure,
colouring, flavouring and

at room temperature or at high temperatures, in the presence or in the absence

of drying agents, provided that the drying is prolonged for the time necessary

so that the conversion in form € is achieved.

6. Use of the rifaximin 8 in the preparation of medicinal preparations for

oral use with antibiotic activity together with the usual excipients like

diluting, binding, lubricating, disintegrating, colouring, flavouring and

sweetening agents.

7. Use of the rifaximin € in the preparation of medicinal preparations for

oral use with antibiotic activity together with the usual excipients like

diluting, binding, lubricating, disintegrating, colouring, flavouring and

sweetening agents.

8. Use according to each of claims 6 and 7 characterized in that the
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sweet eni ng agents. 8. Use according to each of clains

6 and 7 characterized in that thepreparations for oral
waiz@eavewesel ected fromthe coated and uncoat edPCEHBPBNE001755

the hard and soft gel atine ggpsul es, the sugar-coated

pills, the |ozenges, the wafer sheets, the pellets and

préphqerﬁ ighmg %(E{f@:‘@g ,u§§ %E ggﬁ%ﬁéﬁfr@ﬁg Qpeugg%tgfg ptéxﬁ-eg{fisof q%):(({l ﬂajbriets, the
hrd RRssArE R aHRe B pioap R - HHURL B il ToTenddiS the water
o LIS e AR SRR AR 1 Lo o v
o, o B OB, By ik PPy eatofis wia
an%%?&rirghctti\rf]ﬁy 8{' %op%gl ﬁshee. | otions.

10.  Use of the rifaximin € in the preparation of medicinal preparations with
antibiotic activity for topical use.

11. Use according to each of claims 9 and 10 characterized in that the

preparations for topical use are selected from the ointments, the pomades, the

creams, the gels and the lotions.



