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WO 2005/044823 11ttt bbb e Lt ererr rilbin—~l

PCT/ EP2004/ 012490 *162&%“‘%"@”@%@0 FORMS OF
WA BdogJoMigls PROCESSES FOR | ON ANQ, SE, o o0

THEREOF | N MEDI Cl NAL PREPARAGIENS The present
invention relates to rifaximn qol ynorphic forns a, |
and vy, the processes for their "preparation and the
POLeY MORPHICn FORMS OFaRIFAXIMINERROGESSES FOR. THEIR
reparations for the oral or topical route. . _
ventSéh 5 RHEREOF (| NW seeMBBICINAL
Merck Index, XiIl Ed., 8304) is an antibiotic
PAR he rifanycin class, nanely a
pyrido-i m dazo rifamycin described and clained in
Italian Patent |IT 1154655, while EP 0161534 di scl oses
and _clainms a process for its production starting from
ri f ahie PResnt Theeneor kelatetesq rifakimirEdolyBstshic foms o, B and
Both these patents generically describe the '
Y, b PrPesssed fotheir prsparationyandcthestse thiezedf mntienmanufacture of
sui tabl e sol vents or solvent systens and summarily
m%‘ﬁlﬁwarpreﬁéfi?él@ﬁaﬁ%ltbg offla@r tdpacalemuite.i ng product can
be %sl;al lized fromthe 7:3 mxture of ethyl
al c grouad afgheingentionh under at nospheric
preigillilre and der yacuum Neither information
conceidXIAyn: NN pes ilhenMerck dadexi SAH Bil.,18304) is an antibiotic
b ir stal |ization and drying, nor any distinctive o
9 Pﬁltpotg‘Faf Y AR %S damely @ pyridetimidazarifanycin described

roduct .are.reported. T resence of different
anﬁo? EARD aHo{) ai?é‘érﬁgslﬁéfj'ééﬁnéﬂnéﬁufp tH&18B4r dischmses and
18% er i nent al cgndi ti,ons descr.i bed in, both patents had
cliff? PHISRSF Spetls Brodutiyen siRiine Teupdifmigia O (The Merck Index,

geg%eoq s product having suitable 20 purity fromthe
Xllgﬂg?ﬁ"ca g'oi nt of view, apart fromthe

| - s o of the.product .itself. It . .
T T S T TINTSN
cr%%ﬁﬂ?zal‘?fon i E%ﬁ@e{‘soggé%ltﬁ %ggﬁ'ekp rs?satte}n%nalgc? ggpndrrslagpy show in

e solvent as wel
some examples that the resulting product can be crystallized from the 7:3

mixture of ethyl alcohol/water and dried both under atmospheric pressure and
under vacuum. Neither information concerning the experimental conditions of
crystallization and drying, nor any distinctive crysfallographic characteristic
of the obtained product are reported.

The presence of different polymorphs had not been ascertained and
therefore the experimental conditions described in both patents had been

developed with the aim of obtaining a homogeneous product having suitable

| purity from the chemical point of view, apart from the crystallographic aspects

of the product itself.
It has now been unexpectedly found that some polymorphic forms of
rifaximin exist whose formation depends on the solvent as well as on the

conditions of time and temperature at which both crystallization and drying

T
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conditions of time and tenperature at which both
crystallization and drying LI TR FEEEE THELI
LI L et rirrl *000002* WO 200- 5/ 044823

WO EPG04/ 012490 2 are carried out. In the PFEERRR04/012490
application, these polynorphic 2orns will be
hereinafter referred to as rifaximn a (figure 1) and

aré chaxdédbit,0 (figure 2) on the basis of their
respective specific diffractograns, while the poorly

cryshahbigresé@r appiédtion, achies 8ol gk Ric RrntWiRNB& %ereinafter

conponent will be identified as rifaximny (figure

referredl b ak irf RXIMAIA P Ofi YGRS PP afd frofafBmibR \e (2865 2% on the basis of
characterized through“the " powder X-ray diffraction _
théieabipatipe I ifi0liFirhé©atams, WheleCthr Fedidy Ic_%?éthmh@f‘orm with
these pol ynorphic forms and, 10 contenporarily, the
a HEdh nidntomt OF AMGrSeE ivEBcHent ORIt bONAehffied as rifaximin y
obtaining themis very inportant for a conmpound
(figaewwed W th pharnmacol ogi cal activity which, like.
rifaximn, is marketed as nedicinal preparation, both
for THeurdaxiame pely@hofsiiy fosfms Ndvd Bebl Jhagdctkriowd through the .
that the pol ynorphismof a conpound that can be used
posadearcXirag diffractioh eeciiiigaened in a medicinal 15
preparation can influence the pharmaco-toxicol ogic
pr ofddret identification slidighardotédigatéon o ehss@poNintofphi&¥orms and,
of an active principle adm nistered as drug in the

* contexhporarilypithal défniticrarm i txpemmenpaiopenditisms for obtaining

thereof, like bioavailability, solubility, stability,
thewl osir yeryoriprpessartii fot ya dompabnd i eydewddweviktabpharinyacological
with consequent nodification of the profiles of
actigdiycohoefi,clake siflagtmin,cisi macldted 26 sfedécinal pnesaratiod, both for
productive efficiency. What above nentioned is
hugeHt iandedetsyinare dsectltt isain tthet koowaer thdtethe palymorphism of a
regul ate the grant of the authorization for the .
cogirunyd dhabfcanhbedused am acHye peinkinler eemfiained Hat at medicinal
manuf acturi ng net hods of the active principles be
PTERARYANIF3R dndhtenes ntheo Phaempso-d¥icodogigy Peepartiegi afe the drug.
.gqm)ﬁgne us and sound 25 results in terns of - :
Digiarefbpplymarniric dpems dancestsye prinsinls adorimisterq as drug in the
oral or topical form can modify many properties thereof, like bioavailability,
solubility, stability, colour, compressibility, flowability and workability with
consequent modification of the profiles of toxicological safety, clinical
effectiveness and productive efficiency.

What above mentioned is confirmed by the fact that the 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 be
standardized and controlled in such a way as to 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
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2003 - Note for Guidance on Chem stry of new Active
Substance; CPMP/ICH 367/96 - Note for gui dance
wapaosbhigad i ons: test procedures and acceptance
criteria for new drug substances and new drug FCT/EP2004/012490
products: cheni cal WD 2005/ 044823 PCT/ EP2004/ 012490 3
subst ances; Date for comng into operation: May 2000).

sultstanmes Cfade foheomixoy éatoesyié raniod : MWQ@OQ%_zati on has
further been strengthened in the fi'eld of rifanycin

ant i bhotnesl Hor HivewabdvE.mgntioeed/i Jthh®ir8izalo has further been
Li ebenberg W and Lotter A P., Drug Devel opnent and

strengitBendcain SrePfiakdrat yifagfy cimantibddi 408y HaRAMd SW)0 de Villiers
have ascertained that different production batches of

MM anlpicbenb¢rgNVy . parebdritterbya @ f RN tDeRMSHREAL RIS Industrial
differ armn%‘h);hem because they show different

Phasmasys pBG  Ehlar 403408t (2600)anthoashaveC aBEREHIBEE St CYifferent
show different dissolution profiles together with

progustiguebatches of atifampisin tENN)e ppeeired eby different manufacturers
,g&ar macol ogi cal properties. 10 Follow ng the processes

digker anyanemham beramsethdy shpndifferent pobinhyrphgi Gniresesistics, and
in I T 1154655 and EP 0161534 it has been found that -

asufdonsegeencex they netwil differting dissotuiior irafiles nogether with

oorlé/ crystalline formis_ obtained, while under

ccg'{sﬁg\" 'étx?)‘é‘?liah‘@ﬂt%ﬁ theggspedtivesphamnatdiegicat psopdrticse

pol ﬁ,_gﬁ(ghl c fornms of rifaximn are obtained. Moreover

it WHIE fhGnPrepetses oné try paki mationr sindatirying egynerically

oS th 36 AL st PR TR, L LT e come
ol B Ml S Dy ey Pove e surprisf g
B B TR G PE R OB e o L BESent i
g 88 AT LSS Bl Btenindnd hormoEnesSher some
R R N

: i Zinc:.: dr Vi i It _h b
lnlgtgaﬁﬁgat éatzdo{ﬂ%éu?rgs?”rgg?. ggsdeégﬁﬁﬁgréﬁé]gthgnael??@s?ﬁ\évmlgﬁg of the

: : f i
T e PSR- Pl ot ppiymoroh,
whi Cfthe AigaBnaaUssly forph¥S i 8621 (B8 p&gseen?%%ﬁ]itcaggn have

wat er
never been found or hypothesized, as it was generally assumed that a sole

homogeneous product would always have beeh obtained, whichever the
method 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 a, B and y forms
depends on the presence of water in the crystallization solvent, on the
temperature at which the product is crystallized and on the amount of water
present in the product at the end of the drying phase.

The form o, the form B and the form y of rifaximin have then been

synthesised and they are the object of the invention.
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present in the product at the end of the drying phase.

The forma, the formO03 and the formy of rifaximn

have then been synthesised and they are the object of
WOR803/n823t | on. WO 2005/ 044823 PCT/ EP2004/ 012490CTAP2004/012490

Moreover it has been found that t4he presence of water

inrifaximn at the solid state is reversible, so

bl ac o Toreit by RS (BEERCR he fresnes At in rifaximin at
HiEolid 73 ﬁe fs?%&%iﬂﬁ%oﬁwﬁ' &%é%n?gi‘n g é%sq%é%h%ﬁg%r can take
1nthe lid s vvlthouﬁ f}g q}j ai n dissol ved

RRg® ‘Py 5112 PF%SF“CFn% SHEadlg, BN ceREHIgns; consequently

SRS g umw,«mrmnﬁ%ﬁ P ok B remaining

@oﬁz”egﬁﬁhf*”“’ R B %0 Sl BT P fiies T
(oS RICE Ben PERMBRE oL Rbharks ﬁz‘?{i{eﬁ?{" A ttegaviqmgm@t higher
GEFPS s horfiled IRD HRRuRansh deT el i Gl L%;oéh*;nges into
%&ﬁgﬁ%}ﬁ)onsmg’fo W,S} |ru \?‘gl?do‘%ragt ééritelgwgerrgtg;gg: °r the

ST eIHET S S, SORMALINT pg 58 5o Shmine

is preserve

GHdiRdns %rf'lﬁ uﬁ?%ﬂl‘fﬁéﬂufa@td g?§f)l[nb %)Pkc'l&]gr%qg%i tv&@&b could not

agal nst I ocali ze gastr0| nt es I nNa eri

bé‘ﬁ:@ﬁ&l‘d‘éiﬁ@d eHeichh86r the H&e?ﬁxlﬁ‘ﬂlﬁp@ﬂﬁp :pg) C)?ﬁé%ﬂ’;iﬂgm %@ a product,

has been reported that rifaximnis c rize

rnqgﬁﬂaﬁb@ %§Y%§mr@ a5 0 PLHRRal1FEE g)‘?ghﬁét Ch?em g@rjxditions of

and physical characteristics "(Desco
praeneeia ret ile ghddyredudtl fcﬁ“XtHB %h@f&fc@ér@t@csor0§| the container in

“adm nistration in healthy volunteers. Int J

Rhachraeoprdtt id prédserved 51-56, (1994)). Now vve have

“—found that the level of rifaximn system c adsorption

can Réfaxbain atxeets anbrohd santibaudérialohetiVidy AhegRNEastrointestinal
i nvention, by adm nistering distinct polynorphic

fractregainst i bealizedngasieoinkgstirial dactdria hatr edudei ififecticus diarrhea,
and 25 rifaximn y. It is possible to have a

thdlidingnare errobicheraids oltptdsomeenf replontesit th&OGifaximin is characterized
by a negligible systemic absorption, due to its chemical and physical
characteristics (Descombe J.J. et al. Pharmacokinetic study of rifaximin after
oral administration in healthy volunteers. Int J Clin.Pharmacol Res, 14 (2),
51-56, (1994)).

Now we have found that the level of rifaximin systemic adsorptioﬁ can
be modulated, and this is part of the present invention, by administering
distinct polymorphic forms of rifaximin, namely rifaximin a, rifaximin B and
rifaximin y. It is possible to have a difference in the adsorption of almost 600
folds in the range from 0.001 to 1 pg/ml in blood.

The evidenced difference in the bioavailability is important because it

can differentiate the pharmacological and toxicological behaviour of the three
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folds in the range from0.001 to 1 p.g/m in blood.
The evidenced difference in the bioavailability is
wOnpGriuaddt because it can differentiate the PCT/EP2004/012490
phar macol ogi cal and toxi col ogi cal behavi our of t%e
three WD 2005/ 044823 PCT/ EP2004/ 012490 5 pol ynor phous
?f rifaxim'Ps. a,. 13 anﬁ”ﬁx As a matter of fact,
PolyInQEpheys o Bifakiming &, d% are negligibly absorbed
thr%;,l h th or?I route,. while rjf. xi.m'.nli shows, a mld
abs %?ir%t. eiRpt f35tnTifaXimInQ a8d gifaximig R aps pegligibly ypbsorbed
not .apsor bed 1 ght., act. anl. t hrough a .t opi cal
thiqueh fhe ‘?rﬁiF{aH{gng“}ll?ef@%@g’%fY $heW s 2mild 2bs0EREOMal
tracgf.., with the vant age of very.low toxicity. On
t he BRI i and T AR Ristomiy PRTIoRLlycios AbQbaboiBagact only

can.fi :]d an vant a systenic

B b0 ERSRD SRR e AR e SHSkpnfesinal ract, wit
Lal d h i f the topi tibiotics.
thg3%%’1‘%‘%poglcfergflto&gg’%g%‘:tgnagver SS e\?glnfsagolup: gdl 52
h ' of . r.ifaxini. f i cul
r o SYLTRENHLL b Frefbeinbh 1 Buth & rBifahe Shadhede cap find an

BB s CEORER L RSP spb BIEIBERNS fpcies

R ALy ALaE TR R BT SRR ' Chie.

strdi he "cas i n, this

aspept el ' . V. i i faximn .

veP B e BeeRl bAHSIS Vot e G SOIERAIY B fhhapeuti use of
eqi Y . | . i r of .
FANE O Kyl oty LSS OB ol B RaR hisgnce to
antipsfieyl osis is a conmbi nation therapy involving four

active pharmaceutical ingredients: rifanpicin,

| SOl @vdrallly eSpkiphid Oln aREragRuP)X! REANRID (Gith rdﬁ%&gﬁii% "bacterial

playing a pivotal role. Therefore, any drug

rejienpeedior et tsameebt idthey aatibidecd kRahapyctywhehefdsidit strains
for resistance to rifanpicin wuld be harnful.

ar(skr dmetthd..cast af . rifféménenigrnacpedt is Yhetiewla®s $elevant, since

strategies and treatnment ", Expert Opin. Investig.
rifaxugsn belon(@®)to theS3fathycin(f200i2y) a r@émber pfiviich! erifampicin, is

considering the structural simlarity between
lar_g‘eﬂ:axumdq iandhe treatment of tuberculosis. The current short course
treatment of tuberculosis is a combination therapy involving four active
pharmaceutical  ingredients: rifampicin, isoniazid, ethambutol and
pyrazinamide, rifampicin playing 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, considering the structural similarity betweén rifaximin and

rifampicin, the use of rifaximin might induce the selection resistant strains of

M. tuberculosis and cross-resistance to rifampicin. In order to avoid this

negative event it is crucial to have a control of the quantity of systemically
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rifanpicin, the use of rifaximn mght induce the
sel ection resistant strains of M tuberculosis and
cross-resistance to rifanmpicin. In order to avoid this
woegsthyr3event it is crucial to have a contr ol pOT/EPb®4/012490
quantity of system cally WO 2008/ 044823
PCT/ EP2004/ 012490 6 absorbed rifaximn. Fromthis
bgfg_’g)nt of view, the difference found in the systemc
a GASHESMIBf the a , and y forms of rifaximn is
sigpificant, since also
oty

cont EX THS BRI OF YeXK %%Ldl%};%gﬂéeggéﬁé l?tliih? S¥Y&mMiF gfsorption
of o Bonmths i s T80 PG!S wERATEREASgE "gjso at sub-
iyt oplianton” c b PRl FRERT ) 7o R ange  from
0. Eda ot edist G R PATERL e vy, Mbonsurated to be
posfblE M QIB?/?‘J’ %@I(%q‘?—ﬁ q%g%%@%&g%'(%@ﬁ%ﬁ; meridggele and
vaf G RePhrieaist nt oy i TRLATE T B P T ulE by Setggrion of
AU S RS SR A s

bl 9&3‘6‘0%&% empsw.ﬁﬁod&épéggge%iim L(?hmm‘herapy, 46(4),

stated above, @ he I nportance o prese

a0 t whi ch has led. to the know edge of the
25‘52?2?’4%@20)& t he above nentioned rifaximn

pol mﬁphé'tﬁtefcprdﬂi)v%nféléd?g’aéﬁ&% {HedYatgdrddndeOWreshd Ffifaximin

manufacturing pure single forns having 'different

poqgﬁ{drﬁﬁfé 7858! oP'tROSH 88t inlentbEanhd SF 'tBBIVNGHEE. industrial
20 The above-nentioned a, P and y forns can be

prodvayRt age aus lidversesh Jor tRYM Frepacationradeamiessipp®s otms having
in the manufacture of nedicinal preparations
dicfenedd phdrtndddlagionl propetiekr eady stated, the process
for industrial preparation rifaximn from rifamcin O
di schosadingdte! ainmedstaedEPabd6ds3hel dniprkimg foforthe present
the 25 standpoints of purification and identification
inokntibe, priodhc hasbledi tedhei knetvdedge of the existence of the above

mentioned rifaximin polymorphic forms and to various industrial routes for

manufacturing pure single forms having different pharmacological properties,'

_is clearly strengthened.

The above-mentioned o, B and y forms can be advantageously used as
pure and homogeneous products in the manufacture of medicinal preparations

containing rifaximin.

As already stated, the process for industrial preparation rifaximin from

rifamycin O disclosed and claimed in EP 0161534 is lacking from the

standpoints of 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, which are poorly suited to an

industrial use, and moreover because it does not provide for the in situ
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some limts also fromthe synthetic point of view as
regards, for instance, the very long reaction tines,
wonewmokgs280 72 hours, which are poorly suited tP({ﬁEP2004/012490
i ndustrial use, and noreover besause it does no
provide for the in situ WO 2005/ 044823
PCT/ EP2004/ 012490, 7 reduction of the rifaximn
reductioy cof tthat rifeyimpia foxidiggdi thathemayedwet iformeni s uthe. reaction
Therefore, a further object of the present invention
MX4ULe j nproved process for the industrial preparation
of e a 3. gndy forns of rifaximn 5 herein .
cl ai e%{)gep@oguttmr atticels 9| theapresent nidyeation is an improved
honbgenequs ,active principles in the manufacture of .
PrORESSTIRT, H1tha SUFEIR REEP BRI of A8 g P ¥ dormscof rifaximin
rincjple. Description of the invention The present .
hePeARoRABIRd; 87 RTedUets pRg. wiable 5 ARENedranc: homaogamsous active
for. .10 of the antibiotic knpwn as rifaximn (INN),
Pf{%mﬁo@e §’?IB+faFH€Fr0‘SF‘E‘p§P ichirl RigBaratonsseontaining such
#.hereof .in the manufacture of nedicinal preparations
achyf RIE1Bal  or topi cal route. The process of the
present inventi otﬂgconpri.ses reacti ng one nol ar

equikSICEIRtIQR ofithe JnveRtion; (b an excess of

2- amno-4- hyl i di 5 f bly f .0

3. 5 TR RfsERL Rt rolBtes,te Ul Eoefn i EoTe Rsand fg form v
of the B b0 %rfyh s S IRin (NS hiosfossSulet theisaueparation

o 0 ASTRRED AT «BE B Rl "B drcingl P en BB S gaf The oral

1BPR& 2bufee and added with a solution of ascorbic acid
Ori n-a m{)(%fe of water, 20 ethyl alcohol and aqueous

concgf b ekshBer @ehboLdent laﬂ‘ﬁivgntil(mdgé?igl;(s%g?rzez%hrnrgi 08e molar

in ordefr to reduce the snmm anount

equi VA¥HT o rIRNYQhM® @ik B&le;eli‘fée&ea&ft i%g(rjrlliﬁwélxﬁéfpwb?ridine,

pH is adjusted to about 2. urt her ron 0
préfedabBh i ©.@Gb M SOoMeRAH é@ﬁi%lé}ﬂy,eﬂyé st BlxtdrP consisting

or de_r to better r enove t he excess o _
of Avarer nad4ethel Bidobl iifividtumeadc ritibBetved@st i ONand 2@1 , for a time
I's

suspension 25 is filtered and the resulting soli
betwebr@ ad B Hdwes aaavesPeytiie Bekiedr£40°C and 60°C.

After completion of the reaction, the reaction mass is cooled to room
temperature and added with a solution of ascorbic acid in a mixture of water,
ethyl alcohol and aqueous concentrated hydrochloric acid, .under strong
stirring, in order to reduce the small amount of oxidized rifaximin that forms
during the reaction. Finally the pH is adjusted to about 2.0 by further addition
of hydrochloric acid concentrated aqueous solution, in order to better remove
the excess of 2-amino-4-methylpyridine used in the reaction. The suspension
is filtered and the resulting solid is washed with the same solvent mixture
water/ethyl alcohol as used in the reaction. Such semifinished product is

called “raw rifaximin”.

The raw rifaximin can be directly submitted to the subsequent
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wat er/ et hyl al cohol as used in the reaction. Such
sem finished product is <called "raw rifaximn". The
raw rifaximn can be directly subnmitted to the
we disasisent WO 200/ 044823 PCT/ EP2004/ 012490 8 PCT/EP2004/012490
purification step. Alternately,8in case long tinmes of
preservation of the semfinished product are
ted, e j fraxi:m n ' Lm
pulifREFE siorl; (Rl IR, SaBE 0T, AIhE, SF s R of he
ar 0 S Lidgni she ' [ =Yo B
scifin RO Sagers D SORLIGRT SRedapy 98l &l bEdarica under
va@lifinos: £iERBEAUL 16K thih B5CCPR! 4 ke Bétwoen 6 and 24 hours,
Irssolution'in ethyl alcohol at a tenperature between
A 3 L han By addition
S“é‘?gﬁg’t‘g}‘g‘grd eé@rd g‘gﬁd?ﬂ%’e.gﬁt& thouﬁtﬁémgg{] ween 15%
and THQ%d | | BlitxRTRUANA/OF G rad i if
theTgl%sgég?‘bt??gr{w glndx@;;/mkeep@ng t er?esﬁﬁ?nknéwﬁ% Iﬁﬁ’ﬁﬁed by

diSISIREOR iR iRy ﬁgbﬁm’&f @&é&hﬁgpaghil@seté% anec alﬁl §55C, followed

under stirri'ng during a ti etween 4 and 36 hours.

by\-/l;a ﬁiﬂﬁ@&ﬁéﬁ% h&ditidrt 8F Qhtér)breh&abh Wgﬁpbﬁfﬂ)dﬁs between

wth water and dried under vacuum or under

1590130l 70VE£6S Wi wedPhi @RfunY dfethPE alE ARANGRd R the dissolution,
drying agent, at a tenperature between room

andeppaieR mg tR8GedORfag Shspension®t keteperaturnBetieen 50°C and
hours. 15 The achi evenent of the a, (3 and y forns

0°depraesstdtidd aubapdi tibetwsines bad Fhotlke
crystallization. I'n particular, the conposition of the
sol VEHY suspetisisre isiSHeerbaranidiehe bhsdiatd isodid Bnwathed with water
tenperature at which the reaction mxture is kept

amaf deed tirleg rwiuai oz alriden rsrehdlheregsiinep dpofonallyeinathe presence
which that tenperature is kept, have proven to be

ofca dtyinglagedd, Ma ¢cpperitssd hetwédrarkoomrieynpesawire andelD5°C for a
when the solution is brought to a tenperature between

timgbeawde82Cand 73thurspr eci pi t ati on and the resulting
suspension is further cooled to OC and kept at this o
t enpEhataghievesment of the wePwerd 16 farms 2dependsson the conditions
suspension is filtered, the solid is washed with

sedested dioal theeeryatallization. dnparticularedhe sompegition of the solvent

content between 1.0% and 2. 0% ) )
mixture used for the crystallization, the temperature at which the reaction

mixture is kept after the crystallization and the period of time at which that.

‘temperature is kept, have proven to be critical.

More precisely, rifaximin y is obtained when the solution is brought to a
temperature between 28°C and 32°C to start precipitation and the resulting
suspension is further cooled to 0°C and kept at this temperature for a time
between 6 and 24 hours.

‘The suspension is filtered, the solid is washed with demineralized water
and is dried to a water content between 1.0% and 2.0%.

The a and P rifaximins are obtained when the temperature is first
brought to a value between 28°C and 32°C in order to start crystallization,

then the suspension is brought to a temperature between 40°C and 50°C and
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The a and R rifaximns are obtai ned when the

tenperature is first brought to a val ue between 28C
wearno3R@an order to start crystallization, theRrEPRoes012490

suspension is brought to a tenpgrature between 40C and

50C and WD 20" 55/ 044823 PCT/ EP2004/ 012490 9 kept at

hi alue, for. a tinme between 6 and 24 hours, then the
b SRl fory ai e PEIBEEBA6 a9 o4 hours, themuthes Suspension is

one hour, thep is filtered, the sqlidis washed with
q"\kgfl r CoRgdy Weﬁ (Iar’Peid’. miRUte (A Hﬁegt%s themaissfikigred, the solid is
inportant role in obtainjng the rifaximn a 5 and P
w?)sg{)%ﬁgh‘fv@tefrcﬂ%thﬁﬂﬁh%ds to be monitored by a nethod
suited to water dgsage, such as the Karl Fischer =
met ol drRing Si5ps (Rj3gh @b IMRSrERb e Bt obfaiRHig the) rifaximin «
er ,present in the oduct under dryjng. Rifaximn a
an? HoieRRPRicR s sl Bt i beyRanyerest by Amethadsmited to water
f.inpal ter. content be th i gher or | ower than
dol?.agg/b S‘éﬁ% z}fotl}?o?{%gd"éﬁﬁh%nm(emog’lg" et itpreshtesk the amount of
Agi t 0 ressyre and te ratur.e at which such
reﬁ%ﬂ‘l"&%\?ﬁt%ﬁ%@ ghFQTQa‘éC‘aﬁﬁ&g Mgn fact, the two
ol ¢ forms,.cw.th higher . or | rwater :
gon%llg%gmégln ggg%{aguf%xa%%r r l?tﬁ’bnetfﬁg’g’r diMipguta diffgrent final
LCRLPr . e rature or at high
R L EET i g 1REL WP ShnaBagio Bpyidgend on the
(go\VA t ryj i.s. prolonged.for th .
PRFh el e M prAu Kb DT teBlre oty Widh ulf critcal
r k Steb Gy yamr Rhi rm,.Th . .
e e T IR b ot o, ovigh higher
p t y gz a g ' r 8. st ed
Ora{l&&gfevrvagegnté éﬁ{e?k’h?gﬁepgtmﬁ% Lﬁ%}g hdnrggﬁsﬁr%dod%ﬂyv%gﬁ’m or at
moseheri a AR 2t 9 % ' e. ..
at20 gol ;ﬁo@%ﬁﬁéfg{r#‘gﬁi% ob{iﬁugff%elﬁggr%ﬁn%%tgréf optionally
inahBtpres@ct st dhyinatalenes iy
mpr efperr ably bet V\)I’e“g% a%feg%, ;ﬁr{gog&eg%tmgg% tlg??ﬁ)gl ﬁ‘sg‘#qr%l?/n%%dd for the
timbendcos saryatoareded the watkBxbRtéhtadHarBeriQhe 8k Gach tf¥¥morphic
reversi bly absorb water in tine in the presence of
fosmi.t abl e environnmental conditions of pressure and

hum dity and are susceptible of transformation 25
f r onf len g ol pmerphiicofanoihés obtained when the drying of the product

ketg

crystallized and washed with water is stopped at water contents higher than
4.5%, measured by Karl Fischer, preferably between 5.0% and 6.0%, while the
polymorphic form o is obtained when drying is continued until water contents
lower than 4.5%, preferably between 2.0% and 3.0%,.

Both the form y and the forms o and P of rifaximin are hygroscopic,
they reversibly absorb water in time in the presence of suitable environmental
conditions of pressure and humidity and are susceptible of transformation
from one form into another.

When the polymorphic form o is kept under conditions of relative
humidity higher than 50% for a time between 12 and 48 hours, it changes into

the polymorphic form §, which in its turn is transformed into the polymorphic
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When the polynorphic forma is kept under conditions
of relative humdity higher than 50%for a tine
bet ween 12 and 48 hours, it changes into the
WoaEhsMB#Hg8i c form P, which in its turn is transPOTEEZN04/012490
into the pol ynorphic WO 2005/ 044823 PCT/ EP2004/ 012490
10 forma upon drying to a water content | ower than

(oot orrffgﬁvéﬁﬁ'f%té’?g@%% ?gﬁteg&gé%re@éﬁ%%%?% Ceshhlyycomprised
0 R, i
be?@%ﬁé&i?%‘?é@éz%@agurl ng teﬁ:npkggeug?npfr egi- pitation 5
7 or &Sy e gt SRS Trgd FeriBeqibel BT B the'Forms o
o o BRReAYg R e et N M TN sk bl aifcipitation

f“rfszﬁ.r' rong stirring for a prolonged tine,
Opre gpﬁ ly conprised between 6 and 36 hours. 10 After
filt i (0.0, W i nereal | r .
.Irnaf)%rgﬁg"l’ﬁv’\igtt}é’?%'rﬁ }(‘eﬂrj]{rﬂhﬁngﬁ‘gfr?g tfﬁgr#]ﬁjf ngé When a suspension

drying con

oﬂggﬁ/ﬁi@nr?rgky%ﬁﬁgérlﬁﬁii§5xs%%}ﬁ2ﬂn mg’ré U rl%l&éﬁ&%ﬁda‘?& 7:3 (Y/Y), solvent

I's contrn
e 5, P00 g By A B S o

and 3.t forma, Rfa y
P L R O €O B by B R B urt

r esuhFiePgilEQktishi A4 %sh%fWiﬁPééMiﬁéﬁﬁ&E@Wat“eﬁrd .ﬁﬁ% to a water
preparation of the formy. These transitions from one

coteft inEReARRAer 594, pystevablyPRétvaRh 5%t ARd 6.0%, affords the
i nvention, as they can be provide an alternative

polvacaphid orrh B2 WhERAKRER Qi‘i‘yﬁi‘% istddhtified €Paiwaer fc®htent lower
t he production of the nedicinal preparations.

thEhet 6P prgref&@blshbepreaesH%bhmid ROLOVSives the Fosh.m
rifaximny intorifaximn aor Rin a valid

I nduRifaxahim@romednd t fecat ogeskeit halrnakhadge ti;dito rifaximin y by

transformrifaximn a or 13 into rifaximny in a
disabidiamndwostethyl ataohel , aridhetrpatames s of hdie atedsaivng osolution as

transform rifaximn a into rifaximn 13 in a valid
pravdogslyiddscribad dor dhe preparatonaf the ffaknmi.n 1 into

rifaximn a, are inportant parts of the invention. 25

The phesetransisians: frony onhdormamdé anpthidroareovenyi inapontant for the
yinto rifaximn ) )
invention, as they can be provide an alternative process for the preparation of -
the form desired for the production of the medicinal preparations. Therefore,
the process that allows to transform rifaximin y into rifaximin « or B in a valid
industrial manner, the process that allows to transform rifaximin o or  into
rifaximin y in a valid industrial manner, the process that allows to transform
rifaximin o into rifaximin B in a valid industrial manner or vice versa
rifaximin B into rifaximin a, are important parts of the invention.

The process concerning the transformation of rifaximin y into rifaximin

o or rifaximin B comprises suspending rifaximin y in a solvent mixture

consisting of ethyl alcohol/water in 7:3 volumetric ratio, warming the

suspension to a temperature between 38°C and 50°C and keeping it at this
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aor rifaximn R conprises suspending rifaximny in a
sol vent m xture consisting of ethyl alcohol/water in
WO Bovelssrsetri c rati o, warm ng the suspension ]
t enperature between 38C and Schpnd keepi ng |ti)gtTﬁ:tpﬁowm24)0
WO 2005/ 044823 PCT/ EP2004/ 01249 11 tenperature under
strong stirying for a tinme between 6 and 36 hours. The
teRpefaNes dindes §‘Fi%ﬂgfﬁtlff1élﬂe§|0r tah imso|biegwieen Wasineld 36i hburs. The
wat er. and dried; the ynorphic formP is obtained
S“ﬁﬂ%‘?’?‘ﬂ?yﬁsn&% fé‘é‘?rreﬂed éuf’(OINJ 15 wasked owithewnterbendedried; the
aﬂ P 0% measured by the Karl Fischer nethod,
P‘ﬁ}ﬁﬁ’ﬂ"ép ¥elOSTh B Prebisined Phiem driing dbrearmed oaén aimytergcontent
wat er content between 2.0% and

beésﬁc)é?ngrﬂz 'tie@@%r sheasnechriipahat Kol Sisattee mothnd; while the

romrifaximn a or 03 conprises dissolving
p(_)jy]lgoglp&% %Q;"? & B ORtaped (When gRpinguisdeentinied itm@, wateracontent

e r en 50C and 60C, adding denineralized
be&)g?g Ztaém (Esrq/h? 10 al cohol /water 7:3 volunetric
rati co0 sol utian to.30C under stron

stir Brocc?éfs?ff’ éﬁ? RECRATaHPR; ehthe fyme Sémm@grmmgxfammm a
oL ERRPET AR e lne & GhB' Eapim et sShalomnder stiring, at a
telfnblef%et{l?éjbe[\bge %l()l %e q\r@sﬁe /glgh ﬂga@g%r%&g%dwa% ttooan ethyl

ald l'l;(ﬁ%‘;%@r%;:’)’n;:\% uﬁﬂeetrlg or:%gl]es r t e gélﬁﬁ%ggt‘rg é](g&ygj;f strong
stlﬁi;lgg)é'rc%{o %éﬁg/o lﬁih Qttoﬂ@\ép;%g ggéél\é%o uédnlsgllstaensmn under
SIRAE e RS ¢ B B Sl
fili@ed! e dd1ansd Wa@fﬁéa Ml B 208 IMel3 b QA DELALE Fower than

20 consists in dryi ng powder ri aX|mn

2.0% thieeesy 6Bf31htﬂg0ﬂ¥a)9fmn'}0r mal pressure, optionally in
‘the presence of a drying agent, at a tenperature

bet {en ptbieess0 660 ttﬁé‘”pt%x?éfblh%aﬁ@ﬂ 685he FOfm gt p{IB the form f
bet ween 2 and 72 hours, to obtain a water content

conhstsawwmplhgvjﬁfwﬂhaﬁfa‘klﬁl% d@ﬁﬁfaﬁraqﬁbﬁénk)ﬁ%gﬁ%relgr:?fgltumldlty

_and_ 3.0% 25 It | s evident fromwhat state ove
higheri thgnfr@s$eforahi aimefregiiited to obtain a water content in the powder

| higher than 4.5%, which time is usually between 12 and 48 hours.

The process for the transformation of the form B into the form o
consists in drying powder rifaximin B under vacuum or undér conditions of
normal pressure, optionally in the presence of a drying agent, at'a temperature
between the room temperature and 105°C, for a time between 2 and 72 hburs,
to obtain a water content in the powder lower than 4.5%, preferably between
2.0% and 3.0%.

It is evident from what stated above that during preservation of the
product particular care should be taken so that the ambient conditions do not
affect the water content of the product, by preserving the product in an

environment having controlled humidity or in closed containers that allow no
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product particular care should be taken so that the
anbi ent conditions do not affect the water content of
the product, by preserving the product in an
wenviyeasmnt having controll ed humdity or in cPOFaEP2004/012490
containers that allow no WO 20052 044823 PCT/ EP2004/ 012
t90 12 significant exchanges of water with the

b B Rl cre o5 o

o 1 (e e P e Bofiaanm, ¥, @#ﬁx*%flswf SRl wate peeat lover
o S B, SO SORBEDEL s
dlifﬁggtgg{?'%xpogrgégigéd %&gégre 1 e}&’hﬁ%@ﬁb% 8;@%LXQ?@ VdiGes: of the

-a@’&&?&?%ﬁ’%l@?tﬁ% 86270 7 3Rd $g0%g Q“dlﬁysc’a mﬁ’derll 8°; 12.9°;

act’ogram (réportéd in’ firgure
1R psaks ape.l hg el ygsyof gzhﬁo dgfhfi;f ?gg;_(qﬂ.;nagg_ FSiytforph s
h]a%%értgg fsé(r? |b§' alﬁaf@r v\gnt ) {l'ﬂféx ?115'3 o) gég%gz{n@&upg%tk?een 5.0%
THIEI N g&;ﬂm@%@ it Vo i

2)dwfh§£r?§hb _ﬁ et%giﬁlués Of the ldiffr §cﬁ’ozg [&P9BLSTs 4°; 6.4°;

I gure ract ogr ans ave carried

7. eutvtasl 98 ﬂuﬁ I ps 1% Ppue. 1i7nst rl“]"‘%‘gtlsf?“ﬁ?9w th

Bragg- Br ent'ano geometry and undér I’'ow ng

wor KTRE  F@aing in0 divh?d’r hulg: cHaPREErifafli l@;&' an pb3edker  X-ray

K(al), K (a2) 2 enS|on and current of the

digfraefodr@in m¢iHgoorer Becaldenge nBEHISYr: c@s?&lhhﬁ@ Si‘h%F’sw,,rmficant

size: 0.02 Time per step: 1.25 seconds Starting and
pddksahreanguhar vaidey abfuehe ?dxﬂ&aaﬁoﬁlarﬁgiei ) @)fab et ipne; 8.4° as

of the water content in the analyzed sanpl es has
replovieyisin figure 3.

The diffractograms have been carried out using a Philips X’Pert
instrument fitted with Bragg-Brentano geometry and under the following
working conditions:

X-ray tube: Copper

Radiation used: K (al), K (a2)

Tension and current 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 water content in the analyzed samples has always
been carried out by means of the Kar! Fischer method.

" Rifaximin a, rifaximin B and rifaximin vy significantly differ from each

from other also in terms of bioavailability and intrinsic dissolution.
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been carried out by neans of the Karl Fischer nethod.
............. Rifaximn a, rifaximn R and rifaximn
wo wbgeuisgizcantly differ fromeach from other
ternms of bioavailability and i n]tél nsi ¢ di ssol uk'l g/%bﬂ%mu”
2005/ 044823 PCT/ EP2004/ 012490 A bioavailability
study of the three pol ynorphs has been carried out on
Bead\ @lfDMIEEblHt)gStUCb'yOf tealthrge tpodymorpht havideenaad€e€ out on
of 100 ng/ kg of one of the polynorphs, collecting
Beglgdo dema degﬁbmﬁeedmg Utpwh araligiwitbfa dash of Aioalg/kg of one
bef ore each dosing and 1, 2, 4, 6, 8 and 24 hours
ofatftnc:epob'aprdxssm)g?ecsmtgr hmcbrsampges eommatiel fsgulat @ein of each
tubes containing heparin and separating the plasma by
angmal hieforgacacdn dosing pndsha2hds bhdfeandsihhedrs after each dosing,
rifaximn on the validated LC M5/ M5 (Liquid
tragsfeniteh dhe a%ﬂwpl%ssnISpé@b&Somnwnwtg;sh@yaemt madesepdrating the
met hod and the maxi num pl asma concentrati on observed
Plme)Y cerfidfggation.o reach the 10 (Cnmax), (tmax), and
the _area under the concentration - tinme curve (AUC)
havd hepplagmaghasubger @ssapied korpéfaximmn ain et walidaed L4-MS/MS
in the followng table 1 clearly show that rifaximn
(Liduidy Ghrpaaathparasolwréfl&ﬁégﬁpgﬁm@mdbﬂwd Smo:itnoenetry) method
rifaximn absorbed at a value (Crax = 0. 66
aﬂ&/%ma&%gv’swsm Pﬁ%cerrﬁf?éeorbpbwraﬁddchan)o the 8ime 6o reach the
Tabl e Phar macqki neti c paraneters for
mwf)a)(F"m()m B theorHs Uf‘a thé sgncentagien grime curve (AUC) have
adm ni tion of 100 ny/ kg by capsules to fenale
begpgalc @ﬂ'&% tmax AUCO-24 ng/m h ng-h /m  Mean Mean

Mean-,Pol i nor. 2..632 9.5 1 Pol i h 3 1.096 4 11

Po| Drrpc?r FHP g;l%)@@?@zdgtazge}%cg in t e H)?Iroemng table 1 clearly show
that rifaximin o and rifaximin B are negligibly absorbed, while rifaximin Y is
absorbed at a value (Cpa = 0.668 pg/ml) comprised in the range of from 0.1 to

1.0 pg/ml.
Table 1

Pharmacokinetic parameters for rifaximin polymorphs following

single oral administration of 100 mg/kg by capsules to female dogs.

Cmax tmax AUC0-24
ng/ml h ng-h /ml

~ Mean Mean Mean

Polimorph a  2.632 9.5 13

Polimorph B 1.096 4 11

Polimorphy 66822 225 3908

Intrinsic dissolution tests have been carried out on each of the three
polymorphs according to the method described in the monograph 1087 at

pages 2512 - 2513 of the USP (U.S. Pharmacopoeia) 27, clearly showing
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20 Intrinsic dissolution tests have been carried out
on each of the three polynorphs according to the
nmet hod descri bed in the nonograph 1087 at pages 2512
WO 29050348 t he USP (U.S. Pharnacopoei a) 27, cl e@dIyEP2004/012490
showi ng WD 2005/ 044823 PCT/ EP2004/ 012490 14
significant differences anong rifaximn a, rifaximn R

: i AT |.e of . h.rifaxim or ph
sighlficahl Aitridhets SO BGuGhint B st £pna Hpkimeg 1.
f f ) i t bt ai
comn PP cohehr B Rl el PR b SRR gPEhanto 2 die and
| ted .
colfrg,g-g%éde% Re t!)l%r b¥th télglgg%tb gien ?ug)éeq ﬁly%?@l?]égdqrggq 4@ obtain a

ratory stirring

coﬁﬁggclﬂga RficfOotated Dby nmeans of the stirring device.
The tes?, ggrried out in a dissolution nedi um made of

aqu - D ferat 4 and, of, sodi u
ool S SR SuahE e efliogeieaiidpaicthiibeen mounted
S kY £+ Lid.er ong ;the,instrinsic
O ot P R e B SR RTR R g TR S n iy nd rotated
byFnkaxs @f@hﬁsh?ﬁn%%‘w‘céji sintegration of the conpacted
pellet within 10 mnutes so that it has not been

posSHY Geb0Q ealiGed abge tine av%ilégoﬂjgic;nt Srpiﬁ fl%{i%n%%gde of aqueous

di ssolution, while the intrinsic disso

phospBatenbifér ASpRERD ARPWF stoqﬂulgrﬁl%\%t&?%u?ﬁatgﬁgg%}t?ﬁtwramre of

of rifaximn Rin accordance w bi"oav

37#0L39C, has BRbNi Bshifieask afbfbidiRes %M%F{lé I]S%ﬁr?l{?é? dissolution

rifaximn R The above experinental res

rau@@ierxﬁhmitedbf tﬁéftlﬁ&eqmgﬁl& hgting among the three
rifaxi mn polynorphs.” The fornms a, P and y can be

adv Rifadesiss by has sHown dianRAdHEh] é?f'tgé cf n?ggﬁg%ig%&%t within

preparations having antibiotic activity,

10rmiuteniso, thiaoit It ot BEeH paslbleoR) aAkubie thd B8lue of its intrinsic
medi ci nal preparations for oral use will contain

dissofasionj whdloths inwinsit agsidletioni sh rifBidE3! has been about ten
exci pients, for exanple diluting agents such as

timemnas tauch Kaatt of Hfaxidhinod b taicordurdi Withade bl Saviditdbifsy which -

_ starchs, gelatines, sugars, cellul ose derivatives,
1s margrthan qumedrad dimes gy mudhpttrat alfirifaxemiz . | ubri cating
agents such as talc, stearates, hydrogenated vegetable
oi | § he above experimental results further point out the differences existing

among the three rifaximin polymorphs.

The forms o, § and y 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 will contain
rifaximin o or B or y together with the usual excipients, for example diluting
agents such as mannitol, lactose and sorbitol; binding agents such as starchs,
gelatines, sugars, cellulose derivatives, natural gums and polyvinylpyrrolidone;
lubricating agents such as talc, stearates, hydrogenated vegetable oils,
polyethylenglycol and colloidal silicon dioxide; disintegrating agents such as
starchs, celluloses, alginates, gums and reticulated polymers; coloring, |

flavoring and sweetening agents.
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pol yet hyl engl ycol and col | oidal silicon dioxide;

di sintegrating agents such as starchs, cell ul oses,
walgosnayes, guns and reticul ated pol yners; col ]

flavoring and sweeteni ng agents,. WO 2005/ 0448%(':1‘}91’2004/0124)0

PCT/ EP2004/ 012490 15 The prese€ lrﬂ invention relates to

all of the solid preparations adm ni strabl e by the

or aITl'reouPéeseflbr iRt e erelotase dtoanal] urnfoahed sodiad epeeparations

soft and hard gel ati ne capsul es, sugar-coated

_admmpsg,rablgzlemgbg orahteutes tfeetlsstanpeldoatcsd and poveleged tablets, of

seal ed packets. 5 The nedicinal preparations for

Softoﬁﬂdahaliﬁsée\'/ﬂtme sepsulen, sugaxicaatedapdts, Idzenges; wafer sheets,

together with usual excipients, such as white
pehlsts and powvydegpiin sealgd packgtiol i ne and deri vati ves

t hereof, st ear}/I i c al cohol, propylene glycol, sodium

| aurlihe mediginal peanasatons fcpratqwcgiomqmwyutdwnaanmfaxxmm o or B

al cohol s, esters of fatty polyoxyethylene acids,
OrsbrtBEFQ}’Frnﬂ’ﬁﬁbtuéﬁ?'ateémPgWéer%HChn@!h05 garpateglaton, white wax,

coI nonost ear at e, pol yet hyl ene gl ycol s,
1a’ﬁ%‘ﬂ£%ia@5| Fiﬁmﬂé ves thereakysteamylic pﬁ)qsﬁwlcemmlgee glycol, sodium
I 3 ar boxymet hyi cel | ul ose, colloidal alumnium
a“ﬁ( SRS eS| pEafalty seelvomysthyilaae ealcphelspr estens of fatty

i nvent relates to all of the topical prepar ations,
p ofl%?xyqthg[] cea?ﬂ t meFRitan o RQBestearatans glyearyl arruonostcarate

he |nvent|on is rther illustrated
P r%ﬂ?“@xa TRORPSIER D) eEOLMeé hylsge t&lysels; alé@ﬁtfé'écdlmose

hytdkégt&rﬁﬁthyq o;{rgwgzﬁgluygq? tlrgrgdgjam lggrllbcggyféﬁ (leq\%}{juelose, colloidal
b t t b t d
alSHLARR Ynf SRR o R ot ﬁﬁ‘aa‘l"&.n?reﬁée Eampl o 1 20
Pr eWeatﬂrQ%an r{\%\ﬁ'tlolnf ?g(ll [ne n an E{I%ptgalw\iv ﬂreparanons, for

rifaxi hr ee- nec

lmﬂgﬁQ@W"&n% tgr erafll zecgpm%ééeﬂ&g)dn#&fl ux condenser,

120 8PSt hyl al cohol ,
63. THe 1rerenf1bﬁei§f¥ﬁhH%xollmgra gggeg're examples. Such examples are

2- am no- 4- net hyl pyri di ne are i B S URCas

of 20 'He! ARBR a8t
L S i T AR ot .

antloj formeutdn bt hetitainedChP!stftably %%{Blﬁi?& b%ééﬂgth?b% 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 mi of deminerélized 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 loading, the mass is heated at 47+3°C and kept under
siirring at this temperature for S hours, then is cooled to 20+3°C and, during 30
minutes, is added with a mixture, prepared separately, of 9 ml of demineralized
water, 12.6 ml of ethyl alcohol, 1.68 g of ascorbic acid and 9.28 g of aqueous

concentrated hydrochloric acid. After completion of the addition, the mass is kept.
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mnutes, is added with a m xture, prepared separately,

of 9 mM of demneralized water, 12.6 m of ethyl

al cohol, 1.68 g of ascorbic acid and 9.28 g of aqueous
woanecess2at ed hydrochloric acid. After conpl eti pOT/EP2004/012490

the addition, the mass is kept,]g\WO 2005/ 044823

PCT/ EP2004/ 012490 16 under stirring for 30 m nutes at

i I t f 203C then 7.72 o
unE RS0 S RILes BF AB BFUNVRCTBTRG20H1G thepl 72 g of

al tp,2.0 i.l e keepi spid.te rature.. After .
 copchirased bR dtichitic Gatl Hefrppaibunit e PRECRuth O fepFile keeping

for 30 5 mnutes, keeping an inner

Stirrin
-Salﬁéﬁﬁmf\%b‘r% of 20C, then the precipitate is filtered

and shed with a mxturg,.of 32 nl of .dem neralized .
wat tearnaogplezt?)oqno?&ﬁe YPnatEoREss 1 P.IégaefiSHérmg for 30

miplfe Kee B P inst feiberte.pRPaECoen Jibprocpitals B filtered
anrgﬁ\\éyaélix%f ])a(hlflfpéglt %’\l‘?@\lﬁg 20&'? %ﬁ%ﬁg;ﬁ%&%bﬁﬁ%ﬁba@r z?r'n(gS %)f 25 ml of
e RN e Riulag EuliiBinifin” 1908 & B o5l ipdt? Viowum a
rof JEmpBke 8L AL A0 B s Mipdirdl rifeximin

AT REPEMen L GAORRER AR oL e o o

ormis rever norp
PR BRANESTA B, SRR PRGRA: BHEY s vl s consan
. t o . . 0
Bt IAERE ML SANSSTHIBRRRSOA R £ e comtent of 2%,
RSLBTAERI898 L0 PR MU FrE 1 11

pol YIR HoButeris Ry ghntopiaind tkON6RInePFNORBBRY form |
and 3. O%ﬂri S reache}ég\f%O E;anpl e 2 Preparat ﬁso%@of rﬁ orm 13

revéfsitiierritie polfRofphief foeinhit! abzbeleh Mlaténttob? atm@spheric humidity,
dried raw rifaximn are | oaded at roomtenperature

depehdirgg tonr eife nelakiod hhmsditeandopied ewpbBurecihgdi When the water
stirrer, thernoneter and reflux condenser. The

cosieipe absorbeids biye diee pdAynmvéhicufdan &5bstomelsnhigheti than 4.5%,
conpl ete dissolution of the solid, and added with 70
palymufrphous o turns to polymorphous B. This in its turn loses part of water
by dryving, changing into the polymorphic form o when a water content
between 2.0% and 3.0% is reached.
Example 2

Preparation of rifaximin y

163 ml of ethyl alcohol and 62.2 g of dried raw rifaximin are loaded at
room temperature into a three-necked flask equipped with mechanic stirrer,
thermometer and reflux condenser. The suspension is heated at 57+3°C under
stirring until complete dissolution of the solid, and added with 70 ml of
demineralized water at this temperature in 30 minutes. After completion of the
addition the températurc is brought to 30°C in 40 minutes and kept at this

value until complete crystallization, then the temperature is further lowered to
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dem neralized water at this tenperature in 30 m nutes.
After conpletion of the addition the tenperature is

wonessghtg3o0 30C in 40 m nutes and kept at this é‘ﬁﬁyﬁmmlzwu
until conplete crystallization, Zthen t he tenperatur
is further |lowered-to WO 2005/01 4823 PCT/ EP2004/ 012490

o17 0C.in 2 hours and kept at this value for 6 hours.
0°Chin Shdwasiand kept perhist vatug dar sndounse Tbe isspension is then
washed with 180 g of demineralized water and dried

filigradranda thigigolid i dﬁmheén‘ﬁéﬁhaﬂ 80 g whitdamingnalizedt water and dried

wei ght, thereby obtaining 52.7 g of pure rifaximn vy

UNG&Y i YAFUHI @t TOOM demperature gty qoRstamt Wejglits thereby obtaining
characteri sed by a powder X-ray diffractogram show ng
52s7 gmperén&l HHHKB THAINE et conteigfek3%0 of 5.0; 7.1
Ah E(); nmple 3 Preparation of rifaximn a 62.2 G ans

of driielormy s £hanesierisgAdd yl@spﬁwd@f )étrﬁyldlﬁfr@@ﬁéralarshowmg
10 1 oaded at tenper |nto a thr ee- necked -
sngrpg@@néagalﬁbgﬁg HaRLIRE AR, §tf|5rpe=r 1*h8étonet er and

refl ux condenser The suspenS| onis heat ed at 573C
unt iBX2WPY¢ ét e di ssol ution of the solid and then 70 m

mneralize vilater are added at this tenperature
dun—d@?-@d'—a%ﬂﬂg—lﬂg—q:,onpl etion of the addl tion,

g ALTRSHRY el SOt gl LB e S Sicomot ae
loffdf E'r%séxéﬁ%e‘n?@ergsgsenﬁb"%?éﬁ%e“&Eg&‘?@%ﬂ%@hs“S St echanic
st Bl afinddnsBRL ThA S sneriat Sphe aﬁn 5743°C
o JAMBARGlabt horzszags eslﬁxsgnaﬁwﬁmna@p iR woter
aréoé)d'ﬁéde%e@ig ;{E%plépeh ¢ du m%:S#(?%mw%ghhftetrc\gqrrgg}/etlon of the

obt ai ni ng orma W't

adEf?ﬁ&ﬁWhee extaf’ur% é%r‘aﬂgg?t&%‘(‘ﬁ@ d%ﬁg (féh&flﬁ%% I H'kept at

show ng p val ues angl es

this 9al_& &tlﬂgl&tlfﬁigxﬂygrtr%ﬂrezgzoéé 'Ig}eegegrrlgﬂaé%r%oéf th]cgstpensnon 1s
théh%l@;ﬁdgh@ 2] abeu£ 40°C and kept at this value during 20 hours under
stirring; then the temperature is decreased to 0°C in 30 minutes and the
suepension is immediately filtered. The solid'is washed with 180 ml of
demineralized water and dried under vacuum at room temperature until
constant weight, thereby obtaining 51.9 g of rifaximin form o with a water
content equal to 2.5% and a powder X-ray diffractogram showing peaks at
values of angles 26 of 6.6°; 7.4°; 7.9°; 8.8°; 10.5°; 11.1°; 11.8°; 12.9°; 17.6°;
18.5°; 19.7°; 21.0°; 21.4°; 22.1°,
Example 4

Preparation of rifaximin a

89.2 Grams of raw rifaximin and 170 ml of ethyl alcoho! are loaded at
room temperature into a three-necked flask equipped with mechanic stirrer,

thermometer and reflux condenser, then the su'spcnsion is heated at 57+3°C



10

20

25

89.2 Grans of rawrifaximn and 170 m of ethyl
al cohol are | oaded at roomtenperature into a
t hree- necked fl ask equi pped with nmechanic stirrer,
WQ pswiset er and refl ux condenser, then the susPENEPIING/012490
is heated at 573 C WD 2005/ 04- 1823 PCT/ EP2004/ 012490
18 until conplete dissolution of the solid. The

uniiEERRRR GsttuRe8 e BIRE AT rmd S s uBlyel 10 S0°C and
thefl 817 Bl bl SRR 2l St TRRE R e R BifbhisRlire, uring
30 ?Hg@?g?.’ A¥ier cbﬁ-@aﬂﬁfl?ﬁ | e trbgltd]flﬁoﬁtthg hﬂeﬁ:)léeg'gﬂﬁfeafsu[)?ought to

Ining ap crys zat'l on.

S0LCTR i 54 ESHRORIOH 951t I S Hyie e Mperaure

rs.under stirr.ing
fu 0 L0 ' l,hut t . :
obliffhe PRI PUSSEAEROR, i e8P G R spension i
br el R LRy B PO AUt B and then

furltREr 4BWepEd doigee %félri?n Hd 9nffucks f 'ﬂgixgrrn%hwas%spe

water content. equal to 2.5% Exanple 5 Preparation ororon is
imESﬂOé‘éﬁéie'I@ FilterEd2 MRk olid & WaRBR&A &bith 240 i Urehshierafzed water

the” tenperature at which the suspension is kept
an@itid PVREEPFabRurh X095 SC Wil ésWRsthmt WRIgHt thfeby obtaining 46.7
suspension 15 is kept at this tenperature. The

g M AfGiAk avifed Watep@uaterdteduddto 2f smxampl e 3.
Exanple 6 Preparation of rifaximn R The . :
crygxalrhpkesi on of the dried rawrifaxinmn is carrie
out according to the process described in exanple 3.

Dr yiPigpdd€ionveCeifaximhin gom t enperature is 20

moni tored by Karl Fischer and stopped when the water :
contteamplead hesepeddéd, b2t hayeading itd 0°@ thRianperature at which
obt ai ned characteri sed by a powder X-ray diffractogram

the huspangiqre ekkepitandal avesring tafgh@ss 2he oimé ik wificH ;th& sGspension
7.8; 9.0; 10.4; 13.1, 14.4; 17.1 ; 17.9; 18.3; 20.9.

is kephatl this7texspenaspar Aheprodact obtauiad is esusi to thatgffaxample 3.
rifaximny

Example 6

Preparation of rifaximin

The crystallization of the dried raw rifaximin is carried out according to
the process described in example 3. Drying under vacuum at room temperature is
monitored by Karl Fischer and stopped when the water content reaches 5.0%:
52.6 g of rifaximin [ are obtained characterised by a powder X-ray diffractogram
showing peaks at values of angles 26 of 5.4°; 6.4°; 7.0°; 7.8°; 9.0°; 10.4°; 13.1°,
14.4°; 17.1°; 17.9°; 18.3°; 20.9°,

Example 7

Preparation of rifaximin o starting from rifaximin y

5 Grams of rifaximin y are suspended in a mixture of 13 ml of ethyl alcohol
and 5.6 ml of water and the suspension is heated at 40°C during 24 hours under

stirring in a 50 ml flask equipped with condenser, thermometer and mechanic
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5 Gans of rifaximn y are suspended in a m xture of
13 M of ethyl alcohol and 5.6 m of water and the
wousENGsan i s heated at 40C during 24 hours unQ@f/Eonm/mzwo
stirring in a 50 m flask equigted wi t h condenser,
t herromet er and mechani ¢ WO 20075/ 044823
PCT/ EP2004/ 012490 19 stirrer. The suspension is then
stifier.t €heduspehsidre is thérd filerevhahd dhei otidwist @ashédevith water, then
dri ed under vacuum at room tenperature until constant
driedi ghder 4aGnams abfrootri fievpetaum@r antibt@niemt sSWewhag4aGrams of
powder X-ray diffractogram corresponding to that of

-rifakienipoarernobtaiied Sloowirg ansbwderaXerayc diffiactogeamatort&@&ponding to

2.6% 5 Exanple 8 Preparation of rifaximn 'y starting
thétrafrthe ipblpronphia fdsn & anba efater doatenti equabto? #%and 52. 4

m of ethyl alcohol are loaded into a 250 ni

t hr dexampke8 fl ask equi pped with reflux condenser,

t hermonmeter and nechanical stirrer; the suspension is

heatBxepandtionsof rifanimin ytstartiad frempeifaximén of 50C

until conplete dissolution of the solid. The clear

sol Ut Gmains efdrifaximinhfare & ahd 2 .deméofiethgDalbohoel ase loaded
. under_ stirring, cooled to 30C and kept at this
Inteap0am threeonede diflask equipped withr redlins cepdersenrthesmometer

cooled to OC under strong stirring and kept at this
andefpeshkanicdl diirery eheoswspenafarerist hieated nendgrarstirting at the

t he suspension is taken, 15 filtered, washed with
tempieratarerf 280C.wntk comalete idissalwden ofgbasaliss 30C

until, constant weight. THe resultimrr]é; product, 3.7 g,

showsh& Clfiaf oA Ol 18 AddsA SV ithedd - Swind 101t Water isf 3@ mainutes under

farmy and, a content of 1.7% The reminin

f art
 stifingn e iishans s0SCT SGdAPLaA S5 (FmpeIRLHE: 108 Homhautes. The

SR T BB 000 P SR R s

TR T RIBORR. 4B 808P B S S is raken
G XA OB 8D S A0S, By aguum o 0°C
urithA drstghe W &gt/ Faximin Q

The resulting product, 3.7 g, shows a diffractogram consistent with that
of the form vy and a water content of 1.7%.

The remaining part of the suspension is kept at 0°C for further 18 hours
under strong stirring and then is filtered, washed with demineralized-water and
dried at 30°C under vacuum until constant weight. 9 Grams of product
showing a diffractogram consistent with that of the form y and a water content
equal to 1.6% are obtained.

Example 9

Preparation of rifaximin o starting from rifaximin B

5 Grams of rifaximin § having a water content equal to 5.0% are dried
under vacuum at +30°C during 8 hours obtaining 4.85 g of rifaximin a having

a water content equal to 2.3%.
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5 Gans of rifaximn P having a water content equal to
5.0% are dried under vacuum at +30C during 8 hours
obtaining 4.85 g of rifaximn a having a water
Weabems82equal to 2. 3% WO 2005/ 044823 PCT/EP2004/012490

PCT/ EP2004/ 012490 20 Exanpl e 200 Preparation of

rifaximn Qstarting fromrifaximn a 5 G ans of

rifgxdJdi aving a water content equal to 2.5% are
kepgﬁ%%wﬁébm hours in an atnosphere containing a

rel $tlea rAtidndst Ylfﬁﬂﬁﬁin osé@%n Ironfifaximgate of a

sat

t et Ryt 6F rifadiid anﬁaﬂh r fv@mbmcan&w é(ﬁxa? (WL 8% are kept
content equal to 5.9% are obtained after this tine.

Ez\gvb fiokks Bh QaVainh Sdpitleré Y:ohfhlﬁﬁigsa RE1 AN h\!il‘ﬁ‘i’al‘?y Hual to 56%

ve 20 week pure-bred Beagle femal es dogs, and

mi§d sylrﬂgarbsebin/ﬁ%ratuétéh aaﬁeauésdqanohadﬁc&leﬁnn dilvfb&emrahydrate
into"three groups of four. The first of these three

5.97 GRS T Aesintihept withwa tWatel fevxiteRthegualt {2 5. PRCIobtained
wth  rifaximin 1 and third with rifaximn 1 according
afte? thhetif@l. | owi ng  procedure. 15 Each dog received
orally 100 ng/ kg of one of the rifaximn polynorphs
i N gexAhiple gapsul es and 2 m bl ood sanples were
collected fromthe jugular vein of each animl before
eaciBindvailadiliey i®dop8byloral réuted, 8 and 24 hours
after the admnistration. Each sanple was transferred
i nt dI'welveep@v el pird-bbed Baiaglevéanakstdigsyaad; weiphing between
pl asma was divided into 500 | two aliquots and 20
5.0ramzdeh St g,-120€ bddrednvifled imionthe e gaduyedof fourhe pl asma
~was assayed by neans of the validated LC- M5/ M5 net hod
and Tl first lodvihege phremgrespss Wwas ebeeal rehtededith rifaximin a, the
according to standard non-conpartmnmental analysis: Crax
seeonex ithmifaxasra ﬁc@ndéhtrﬁiawtbnrlfﬁxmma»(hmqrdmé@ vhel following

in the 25 plasng;
procedure.

Each dog received orally 100 mg/kg of one of the rifaximin polymorphs
in gelatin capsules and 2 ml blood samples were collected from the jugular
vein of each animal before each administration and 1, 2, 4, 6, 8 and 24 hours
after the administration. Each sample was transferred into an heparinized tube
and was centrifuged; the plasma was dividéd into 500 pl two aliquots and
frozen at -20°C.

The rifaximin contained in the plasma was assayed by means of the
validated LC-MS/MS method and the following parameters were calculated
according to standard non-compartmental analysis:

Cmax = maximum plasma concentration of rifaximin observed in the
plasma,

T max _=_time_at which the C,,,, 1s reached;

AUC = area under the concentration-time curve calculated through the

linear trapezoidal rule.
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Tmax = time at which the Crax is reached; AUC = area

under the concentration-tinme curve cal cuI at ed through
WMKROSPHFERr trapezoidal rule. WD 2005/ 044823  PCT/EP2004/012490

PCT/ EP2004/ 012490 21 The resul g reported in table 1°

clearly show how the rifaximn r is very nuch nore

it %ﬁ%‘%ﬁsﬂ? L FRPOIRRL Fale T ear S kST BB B8 1y ot
riPzBﬁ flS %ﬁ%ﬁc%%gég%%%@bg\%fhrﬁ %ﬁbm ! ]g(f_l‘Z ests /_1\n respect of

| “%m‘“‘f i i DY B s sfedbhdfn bl 251,

out as descri t he nono
- 25 A USP (U.S. Phar macopoel a) 27. 100
Mlllégﬁ'g{r%l a rifaximn polynorph were put into a

di e inS2HE E?H)JPJ t1 m nute under a pressure of 5
tonsﬂgg—mns—@-a—pméﬂ a hydraulic pr ess. A
co C d a si
f aceioiARReLt o0 a&‘éé{%*sa 8, B bbth 8 Ao o e
0 I oul.d
‘“3?25‘?955.6&“2%"3%% %%‘;'?@?EUBFES%. A FEARE Arhegrabi 1087 at
pd@dsdes 1 TonsaBiMaethspdite smamﬁeaggeﬁg 2% | aboratory

stirring device, imersed Iin a ssel

- cont pOMi MG]1Ezrd s @f Uk ﬂ&‘aﬂﬁﬁ'nu'iﬁbﬁ:ﬂﬂ R Svete aﬁutamt%oa die and

rotati on speed of 100 rpm by neans of the sti‘rring

calnprased for llemigerR B8déhe présiire ot §1enbyt
di ssol ution nedi um at 37- L ..0.5C. The réll S olFlEtalncS) of a punch in a

hydrduiie) pi€s2005/ 044823 PCT/ EP2004/ 012490 22 cont ai ned
in the glass vessel consisted of 1000 M of 0.1 M

aqueAusompacpligtetlet bwhs €orniaet In4he it althng sthele $208 of defined
sodium | auryl sulfate and was kept at 37 0.5C~ for th

anehobxpatedabnotheofbdttwnt efttheSdiwlsestinft o 6% to 75% of the
solution were taken after 15, 30, 45 and 60 m nutes
compacted pellet could dissolve in an appropriate dissolution medium.
‘The holder containing the die was mounted on a laboratory stirring device,
immersed in a glass vessel containing a dissolution medium and rotated at a

rotation speed of 100 rpm by means of the stirring device, while keeping'the'.

temperature of the dissolution medium at 37= 0.5°C. The dissolution medium
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15

5 fromthe start of the dissolution procedure and
anal ysed by HPLC for the amount of rifaximn _ :
' The sanple containing rifaximn a
W(%O% /814¥?jdcal l'y showed di sintegr %tl on of the corCT%/EPmOé/Olugo
peI et within 10 minutes and sai«d phenonenon was al so
present at |ower concentrations (0.1% and 0.3% of
comafedmn e ¥lass Wekaélecaindsté@ &vE00 mlabs €nk &4 aiqueeis phosphate
surfactant, so that the value of its intrinsic
buffes pH T4 cszmam@mg 4. gtofiRddaincdlat et falband masi kepitat 37+ 0.5°C
di ssolution of rifaximn Y was about ten tinmes as nuch
for thetwhele durhtshwifnthéfesat every tinme, as it can be
inferred by the experinental results shown in the
f ol Saniples bl mi2of dGutwl wede takdm afisr d i35 AlSuand60 minutes
in 0.1 M aqueous phosphate buffer pH 7.4 with 0.45%
fraaadihensdaggiiof| theu i sstodufioneprioded)ir&ianaix amatysddsbp| HBELC for the
(mg/ cn2) p polynorph y polynorph 15 0.28 2.46 30
antbd of rofaxidhn @igsdbi6ed4 60 0.94 9.04 Intrinsic
di ssolution rate (ng/ mn/cn) 0.0147 0.1444 LLOYD W SE
23 Qhal Sdmple. contpumingi | faxpolipnospstemasicallyf showed disintegration
characterized by a water- content |ower than 4.5%
ofpthef eomipagtarbmeilies ewitbén vilerminges and Sagbphgndmepoa was also
powder -5 X-ray diffractogram show n 9 peaks at val ues
prefertias lgirfelrreatdeniragiagised. ¥ end 6).3%) of godinng lawryd sulfate and
10.5; 11.1; 11 8; 12.9; 17.6; 18.5; 19.7; 21.0; 21.4;
ev2R. in abEenge mfrqaﬂd @@rf@tgmlspﬁhm the vajue,of igsrintrinsic dissolution

characterized by a water content
could not be calculated.

The intrinsic dissolution of rifaximin y was about ten times as much that
of rifaximin B at every time, 2s it can be inferred by the experimental results
shown in the following table 2.

Table 2

Intrinsic dissolution in 0.1 M aqueous phosphate buffer pH 7.4 with

0.45%-sodium lauryl sulfate

Time (min) Rifaximin dissolved (mg/cm?)
' B polymorph ¥ polymorph
15 - 0.28 : 2.46
30 0.50 - 4.52
45 0.72 6.44
60 0.94 9.04
Intrinsic dissolution |-
rate (mg/min/cm?) 0.0147 _ - 0.1444
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hi gher than 4.5% preferably conprised between 5.0%
and 6. 0% and by a powder 10 X-ray diffractogram
showi ng peaks at values of the diffraction angles 20
of 5.4; 6.4; 7.0; 7.8; 9.0; 10.4; 13.1 ; 14.4; 17. @LOYDWISE
17.9; 18.3; 20.9. 3. A purifi pol ynor ph y of
rifaximn characterized by a ter content conprised
bet ween 1.0% and 2.0% and by a powder X-ray

ogram showi ng a mainly anorphous profile and
few significant peaks at values of 15 diffraction
angles 20 of 5.0; 7.1 ; 8.4. 4. A process for the
pr odugt L8 pHlyh rpﬁ% 6f1f1ﬁ95('11'i‘i'ir{‘§ha?fact@§zé’(! b¥ a water content
char acteri zed in t nol ar equi valent o famycin
Dva themdted, picfdrably @mmssddietReam 084 4nd 3. O%, and by a powder
nmet hyl pyridine, preferably from2.0 to 3.5 nol ar
quyvcaffemtggramm shhowigymaks anvalues ef t}mrtbffsaqtmgl a;fglm'az%pf 6.6°;

and ethyl alcohol in valumetric ra en 1.1 20
2 251 a2 E0B% el uthhedh g dina n g e 451 0% Alee
Lenperature bet ween 40C and 60C, the reactl on m xture
'S"treated at roomtenperature with a solution of

ascor b Iguﬁﬁw by ggourgm &f S miPE BlractBiid bahaphet cﬁﬁént

concentr at ed qu hydrochl oric acid, then brought

higheHtln04.5Y0, pyeffeeatly eomprized ﬁeﬁmmem%':\zhﬁ% 084168dbS a powder
sol ution, the suspension is filtered, the resulting

Xefaydduf&ac/t/agtwuj skmxtvhlgtmmﬁt ssaiues Wﬁtfmrdlﬂira‘qtiorm@d:mle of 5.4°;
sol vent m xture as used in revi ous reacti on, t he

pSuV O nd- 8 ahOri F&4in Al |,sl4p‘hr’ 15 r]ed%;? d183 M-Pon in
t hyl | 45C d . 65C
St oot A PSR PRY SRR S o, QBT gty content

e s AE %*&%%6%@’?82#%&% P8y YREClogram

ME@%Mﬂ&Mph%ﬁpﬂofﬂé and 6w yigdfiart geblkes at values of

di ssolution; |owering of the tenperature of the
de§qaehenanglt6329a}foe@° et Wdet’.50C and OC under stirring

for atime between 4 and 36 hours, and finally

f1i | t r & Prowess for e BipslyeRen oA putifisd rifaxinnas ﬂesﬁurplw, fharacterized

Bof pboler B BIRPT BRPEGe) & RERdSREN A) eRrestid 2-amino-d-
?'gegl?ﬁ?gﬁdﬁ{e ?ré*éﬁé'bp}gﬁ%ﬁ'?@t() to.5 fadl 1@5]@1&@ Hleﬁ g\ﬁ%@nt

nmperature and 105.C, for a ti bet ween and

ridxtwe consiStingoprace andaticdralcolp] iw voluanetrié rfit@dis bdteveen 1:1
preparation of rifaximn a, characterized in that,
and 8¢ 1 Earci imerbeseamn? and Bohaure ataviempeeatite betweemABIC and

60°C; the reaction mixture is treated at room temperature with a solution of
ascorbic acid in a mixture of water, ethyl alcohol and concentrated aqueous
hydrochloric acid, then brought to pH 2.0 by hydrochloric acid concentrated
aqueous solution, the suspension is filtered, the resulting solid is washed with the
same water/ethyl alcohol solvent mixture as used in the previous reaction, the
resulting raw rifaximin is purified by dissolution in ethyl alcohol at a temperature
between 45°C and 65°C; precipitation by addition of water, preferably in weight

amounts between 15% and 70% to the weight amount of
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solution, tenperature is lowered to a val ue between
28C and 32C to start 10 crystallization, the resullOYBYVISE
suspensi on i s kept between 40C and 50C under stirring
WO3POSPH#E e bet ween 6 and 24 hours, cool ed to OPCTHEPRINE/012490
atime between 15 minutes and e hour, then
filtered, and the resulting solid is dried to a water
ethyht dsohobwsedt fam thie Sbiss@intiver doMerivat Wiethe? té¥panture of the
3.0% 6. A process according to claim4 for the
SURPEPaIoAL {oHalpes biebegemis °Cland RAC antder istiexdng fot haime between 4
after addition of water to the raw rifaximn ethanol -
ang| 6 howrs,t eapdinally diltratioowef atie tauspensibuge washiveenhe resulting
28C and 32C to start crystallization, the resulting
said yeitB water sancb sirying Wenden @agnunmb0€ umitercomstitions Re normal
for a tinme between 6 and 24 hours, cooled to OC during
PEEsERnge Ophenadyninitherprasenes ofid dopmghagent, athetemperature between
filtered, and the resulting solid is dried 20 to a
ropae dempgratarg amd dREFCt frama Binsodepyesne? ahdl y72Hsdwsen
5.0%and 6.0% 7. A process according to claim4 for
the {r 8paresi arceding ftaxrlaim v fohdhacpraparation roft hifaximin o,
after addition of water tq the raw rifaximn ethanol
chaspgierized indhataefiee additienepbvater aov haigaweriferimin cthanol

(ﬁSC and 32C to start crystallization, the resulting
SAIHUREN P BREFAIUED dF dawesediieLd aabetween 28°C hnd 35°C to start

te[aﬁr at.ure,, under stirring, for a tine between 6 and
cryataiigruony thenresulting susrension g kepe besxeen #AZCsand G0°C under

s B0 e BBt St obf oy Sonfacs 1. 05C duting a time
AL A B R, SRR s i
bt Foepl 5 E Hial 4R el Do 3105 ocand 3 0%

o R S48 ORI, 8 052 ShePlidd & afimin .
cliBpelgPiAed, i Bad REF RO of ibEdo, S it Baxitn ethano
AP it 5] SO KRELERRE 0 o s
crzbtsa(l)lﬁgitg?‘i{nﬁl&'t ﬁ?glt'(i:rg%g{@%eir{]sg{)@?é gt"% PXQ%&?&@%SH}C under
AIERGIONY SIS IR B0 SV«
between 15 minutes and one hour, then ﬁlteréd, and the resulting solid is dried
to a water content higher than 4.5%, preferably between 5.0% and 6.0%. |
7. A process according to claim 4 for the preparation of rifaximin Y
characterized in that, after addition of water to the raw rifaximin ethanol
solution, temperature is lowered to a value between 28°C and 32°C to start
crystallization, the resulting suspension is cooled to about 0°C.and kept at this
temperature, under stirring, for a time betWeen 6 and 24 hours, then is filtered,
and the resulting solid is dried to a water content between 1.0% and 2.0%.

8. A process for the preparation of rifaximin «, characteriied in that

rifaximin v is suspended in a solvent mixture consisting of ethyl alcohol/water in
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and kept at this tenperature, under stirring, for a
time between 6 and 36 hours, the suspension is LLOYDWISE
' the resulting solid is washed with and
Wifdsiugfiéggzsto a 10 water content_higher than 4\_'\%}?&1'2004/012490
preferably between 5.0% and 6. 0% 10. A process for
the preparation of rifaximn y, ‘characterized in that
a I7i:3 aolumetric eati®y the dispediveds iheatidyd aadefPRPAtuAd between 38°C
tenperature between 50C and 60C, dem neralized water _
ands S0 addtkepaat tiibyémpéranire] inddrestirfing, YOI AlfiRie bé&tween 6 and 36
ratio, the solution is cooled to 30C under strong
haursy theguspensidre is ddtdred,nthel Fesaltdmpe solidnisi wastd Gth Yater and
OC and kept at this tenperature for a tine between 6
draedito 24vatencentenhowértthas 4£5% prefdrabiyg beheedre 004 aR@ 3.0%.
solid is washed with water and dried to a water-
9.cont Amprotessefor tthaprépdration bf rfapimiced scifapictériged in that rifaximin
preparation of rifaximn (3 characterized in that
Y n$ fsagpended m assddepnt imxtane awinsistinghaf iettty] ratatidl4eater in a 7:3
humdity higher than 50%for a time 20 between 12 and
valgnietuie saticl 2he Augpapsimsis heatedHe preepparatuiro©bet®feen 38°C and 50°C
rifaximn a characterized in that rifaximn 13 is -
ang} kept aitbisrtempenaiphe nindemstising; dor atimmbetweeaduand 36 thours, the
in the presence of a drying agent, at a tenperature
suspepwen 1§ Hdtaredntheerpsultingusaliding wasbed witlowazert amé is dried to a
between 2 and 72 hours. 25 13. The use of rifaximn a
water cRBtept Biehes tham4 Sfo.msaferabhyrhetweon Sd1%land $e0%i t h
ntibiotic activity together with the usual excipients
10 keAdiPregesagfonithei pegparation | et rifagimen sy,nthagaaterizgd in that
nd sweetening agents. 14. The use

_.coloring, flavoring ar
“g?mﬁniﬂﬁ gx?‘i'rbn‘s flissodvediin ethybaleahiobat eftempgratareshetsvekor50°C and

ral _use LI OYD W.SE 2005/ 044823 .
60 BEBiSIAGAEh Sirten s RGFRGioadt] BG! ialcaolivates 7:3 volumetric
oget her .w.th conventiongl .exci gients. 15, The use of ]
e 27 o rralttipn §°EHERY, BhansE Shber Stnecairings and thenessulting

siB5RhulT sRMTE, CRARL R G Mg pmibetween 6 and

' s Lzed.in that. the preparations .
2L e e T ROTERRE LRy ASHEH SRALSHAS ™ crie
totz?wa?érsconli‘é}gqo%P tﬁﬁfﬁ.o%.l atine capsules,

sugar-coated pills, 10zenges, wafer sheets, pellets

18Nd RGMIEESS fob tREPE&Gfration of rifaximin B characterized in that rifaximin
a is kept in an ambient having relative humidity higher than 50% for a time
between 12 and 48 hours. |

12. A process for the preparation of rifaximin o characterized in that
rifaximin B is dried under atmospheric pressure, or under vacuum, or in the
presence of a drying agent, at a temperature between the room temperature and
105°C, for a time between 2 and 72 hours.

13. The use of rifaximin a in the preparation of medicaments for oral use with
antibiotic activity together with the usual excipients like diluting, binding,

lubricating, disintegrating, coloring, flavoring and sWeetening agents.

14. The use of rifaximin B in the preparation of medicaments for the oral use
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packet. 17. The use of rifaximn a in the preparation
of medicanents with antibiotic activity for topicgabyp WISE
use. 10 18. The use of rifaximn in the preparation of
WRSHT U™t s with antibiotic activity for topi €aii/Er2en+/012490
.19. The use of rifaximn y in3de preparation of
medi canents with antibiotic activity for topical use.
use according to ns 17 .to 19 characterized

ha;%ﬂig i-’rfg‘t'eb‘f)ﬂ@ AsHIYHyy IRgSRE V(‘:'{ltgl GOV CpHENRHICRIEN s e ar e

1 nglt i : ggsef off a;(i%irrgey tu? thé %rrrgpgaergtiog ) anrlrgdicgglle%tsa?gr the oral use
having antibiotic activity, together with conventional excipients.

16.  The use according to claims 13 to 15 characterized in that the preparations
for oral use ére selected from coated and uncoated téblets,' hard and soft gelatine
capsules, sugar-coated pills, lozenges, wafer sheets, pellets and powders in sealed
packet.

17.  The use of rifaximin o in the preparation of medicaments with antibiotic
activity for topical use.

18.  'The use of rifaximin B in the preparation of medicaments with antibiotic

activity for topical use.

19. The use of rifaximin y in the preparation of medicaments with antibiotic

activity for topical use.
20.  The use according to claims 17 to 19 characterized in that the preparations

for the topical use are selected from ointments, pomades, creams, gels and

lotions.



