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RELATED APPLI CATI ONS Thi s application clains the benefit of US
Pr ovi si on b&agion No.: 61/031, 329, filed Februar t he
entire coﬁ*’gﬁﬁ@hg Whl ch are expressly incorporated he?i’é’%als%@%%‘”
ref erence. BACKGROUND Rifaximn (INN; see The Merck Index, X II
Ed., 8304) is an antibiotic belonging to the rifanycin class of
antibiotics, e.g., a pyrido-imdazo rifanycin. Rifaximn exerts its
broad anti bacterial activity, for exanple, in the gastrointestinal
tract against |ocalized gastrointestinal bacteria that cause
infectious diarrhea, irritable bowel syndrone, small intestinal
bacterial overgrowh, Crohn's di sease, and/or pancreatic
insufficiency. |t has HORVS IOHRIFASO MINGANDIFSBS THBRESFCchar act eri zed
by a negligible system c absorption, due to its chem cal and physical
char actERiSTED APPDESAOIONS J. J et at Pharmacoki neti e study of
rifaximn after oral admnistration in healthy volunteers. Int J din
Pharmacol Res, 14 (2), 51-56, (1994) Rifaximn is described
in Italian Phisewpligation shigsihe baepiitrt eragaions cinpliegtionrNa h6 HPH,329, filed
i ncorp n f i

P 016250 i SeT MEpLRLnli BHEACPLlvich AR depfeRly lpbolald Rictn ?e”emﬁ%
rifamycin O as the starting material (The Merck Index, XIII Ed

8301) . BACKGROR&{2Nnt No. 7,045,620 B1 and PCT Publi cati on WO

2006/ 094662 Al di scl ose pol ynorphic fornms of rifaximn.
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Form C exhibits an X-ray powder ﬁlffractlon pattern having
characF@F?@PP&oﬁéﬁR§ﬂ€%§V@§@§Hm4 Uiddgrees 20 (+/- 0.20 degree 0) at
4.7 (doublet), 7.6 (doublet), and 9.5 degrees 2-0; or 4.7 (doublet),
7.3, and 8.2 degrees 2-0. According to one aspect, the
polynnﬁbﬁﬁMdﬁﬁiC exhibits an X-ray powder diffraction pattern having
characteris degr (

el ep)%&ngagmreﬁlx RS %@ge@% Srofdhs (ks Q)f%gmgl%ﬂ{ 6t RekvBlisty
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patterﬂ haV|ng characteristic peaks expressed in degrees 20 (+/- 0.20
degree f at 8.2, 8.6, and 9.5 degrees 2-0. According to one



According to one aspect, the polynorph Form C exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 2 +/ - O degree 0) at 8.6, 9.5, 10.2 (tripl and
11.2 (dou8¥é?§wagg ees 2-0. According to one aspegi&hpﬁégmgﬂg

pol ynmor ph Form C exhi bits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
4.7 (doublet), 6.3, 6.4, 7.3, 7.6 (doublet), 8.2, 8.6, 9.5, 10.2
(triplet), 10.5, 11.2 (doublet), 11.9 (doublet), 12.2 (weak), 12.6
(quintet), 12.9 (doublet), 13.2 (doublet) degrees 2-0. Accordi ng
t o one aspealso desriticd hexsiniaes pydorpNicrfasmsad\nidedim, idchalig |39n, fPAtane ealry.
havi ng characte C. peaks expresse rees,. 20 .(+/- 0.20 degree
0) at 6.1, ge@“ﬁ’a‘%"‘@nﬁs HRgY pRiguomgsy ?"6 %tdfegn Pafaxigiy 7.9 degrees
2-0; or 6. 1Aczoramgaedm8 8};3&?%@9§1y3m§bh pcsmﬁ%lexm&téan m:faylgoﬂdeﬁegﬁe&m
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aspect, Form 11 ex bits an X-ray diffraction pattern having
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exhi bi ts anAXcqrgipg rseme asREck fthe pelyowmbateray & eKaibithan hey awpler giffrction
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opr ees 2. 0RoSeng T3 508 ol B, PO Ew ¢ R e oy R gf ikrpgipn
powder paitdrh rhaehg QRarRAsEt Pedld \eixp@sRiaN dedredsi 29t (H- CDEBK?T@(EDFE@ 99edtriplet),
degrees 20 (+/-0.2Q degree Q) at 5 3, 6.1, and 12.7 degrees 2-0.
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According to one asp:ect, t he pol ynorph Formt exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in

degrees 2 +/ - O degree 0) at 7.4 0.1; 20.0 0.1,
Accor di ng%éz@%lé&giopect t he pol ynorph Formt exhibits g%@gq%%@/ﬁl”

powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.9 0.1; 13.9 0.1; 14.9 0.1.
According to one aspect, the polynorph Formt exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 20.0 0.1; 20.9 0.1; 23.4 0.1.
Accordi ng t Acandingspeat aspedr tiobylgmoph Fatmg texleimku 3] D@ragrpoxrdéﬁmffraction
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characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at

3



WO 2009/ 108730PCTTUS2009/ 035192 According to one aspect, the
mesylate Formof rifaximn exhibits X-ray powder diffraction pattern
havi ng characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34¥0@300940874 o3 0. 10; 7.41 0. 10. Accor di ndCrasgepa/035192
aspect, the nesylate Formof rifaximn exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.34 0.10; 7.41 + 0.10; 8.46 0. 10;

10. 620. 10. According to one aspect, the nesyl ate Form of
rifaximn exhibits X-ray powder diffraction pattern having

charact eri S‘A'c&:r%glﬁé RERERSE %mnb%gsﬁse&n 3(0ra8"ifowd9r di9er5ieh 96t Kbing
5.34 0.10; 8.46 0.10; 10.62 0.10; 10.95 0.10; 16.23 0. 10.
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X-ra owder, .di f t] t i: teri.sti .
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nmesyl ate For,m of. rifaximn ibits X-ra wder diffraction pattern
ot g G AlkSHing b Sk Bkt SRl Baol i, Bordovdy olREckgR BaRah e
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rifaximn exhibits X-ray powder diffraction pattern havin

char acCB¥pepiistic pealissxpsepied 4% depress 28d g de degree-H) at @32@@@3@&%}%&@-9;
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Accordi ng to one aspect, a pol ynorph anorphous forns exhibits an
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 7.3 WO
2009/ 1087 3022MPIUREI#H09/ 035192 (approxi mate hal o maxi numPCTLE20§9/9351%
(amor phous hal o range), and 15.8 (approxi mate hal o maxi nun) degrees
2-0; or 5.1-10.1 (anorphous halo range), 11.3-17.8 (anorphous halo
range), and 15 8 (approxi mate hal o maxi num degrees 2-0; or 5.1-10.1
(anmor phous hal o range), 7.3 (approximate halo maxi mrum, and 11.3-17.8
(anmor phous hal o range) degrees 2-0; or 5.1-10.1 (anorphous hal o

range) g 1793 £ 9RPbPXI, mttﬂ h@lsod: rmxuw@o 1; ad}% 915081 bayopqumm_teo 02430 +
maxi mum) ~degr ees 2-0; é/am)r hous hal o range
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(appr ox} %t:l_e? 207 RNl 7i gL de%r 385: §19 79015 94 o“%cif ‘i'h B% d f o?@% +0.1;7.9
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2-0. paﬁemﬁ@ﬁﬂg chiafgtdrBtiOpeakashLedsed id dRSIcYNTY (- APOAGRALE at OHAR).1; 7.4 +
exhi bits an X-ra%/ﬁpowder diffraction pattern having characteristi ©

peaks Oxpréss®d TA*delyrees 20 (+/- 0.20 degree 0) at 5.1- 10.1
(amor phous RatRdingReohe addecs the p§lyﬁ13ﬂ]?1r Phays eﬂﬁt@s 5@?{91%3(1 odr dFrrétion

(appr oxi mat e hal o maxi nu degrees 2- Accordi ng to one
aspect patierpbeving elstaciaristip heaks exmpsrssd @mgtnes 20 G- 26 éygrp@em 7.4+0.1;20.0
di ffragd p% [%Eyfrn havi ng characteristic peaks expressed in degrees
20 (+/- 0. 8 egree 0) at 5.1- 10.1 (anorphous halo range), 7.3
(appr oxi mat Actratliog revonmaspect, ahel pdlimdrph7F@&n( aexirihious Xhal gomalng diffraction

d -0, . A di t t h
Forms. BHBFEne AT bR PRIRPrY Boron pac et HO AePRE = 0 £03; 139
char actdy,i;9uioc peaks expressed in degr ees 20 (+/- 0.20 degree 0) at

5.1- 10.1 (anorphous hal o range), 3 (approximate hal o maxi rum_, and
15. 8 (appr oRFF 188 {R108¢ REB&Cf P@i’é@’Pﬁ@sF‘?nD‘ exhibits ann&cigy diopget élf%ﬁ‘f-'éon
aspect y, d@erﬁﬁwﬁgaﬁﬁc&mﬁ@p&@eﬁﬂb@& iR8BkREd @n (?&d@e\gm%wgo 0+0.1;20.9
diffraction ern having characteristic peaks expressed in degrées
20 (+/i(D1264dfe@}ﬂee 0) at 5.1- 10.1 (anorphous hal o range), 7.3

(appr oxi mat (

(appr oxi mat gxcﬁ)‘?‘{hgg %ﬁ“‘% (m Jﬂ]fc go%zjﬁ%(sl FORT P%ﬁﬁltsg%le%elr |“> r(rigrn% \?ﬁ%ﬁon
anor phcpansserﬁ havisg ehanacddristc pdfaks ax;gesmd imedeptees 261 a1/y8.28 d¢gre)) af5. %t 0.1598.9
wei ght 9/ 108730PCT1US20091035192 In one
enbodl fﬁ‘i%&gﬁ%lﬂ&hzég (i)ilt s Differential Scanning Calorinetry
(DSC) of a hbaﬁatngna%bagﬁecatth@b&yho?p% ﬁoraﬂd eRhi Bk x&aﬁ%ﬁqémﬁao&%
C. I n one enbodi nent, poly (gh anor phous fornms exhib

Modul afeéerphayiag 6‘?%40&91’153%&??111? ﬁ’@’f@é? i 4?6{%2‘% seR0 §Pﬁ5ﬁ%9)a?t§l4a§91 12.7
transi tign 1@‘§gj)ot1ej1§3@£@t1ure onset to be about 199 C I n one
enmbodi nent’, the Formc, Form Forma-dry, Formt, Form 13-1, Form
13- 2, For m éceprging r’f@s)}w aspeckgharpolymarmbr Pitous eXlibitssaroX-ray frawidei iffraction

Co ot BB b Ohl DS 0620 e o055 20 0

13- 2, Bdr m9sk @l y12. Tre Syl &3.8 0T, M Or+ ammmﬂos;ﬁmgamnmmif axinin is at

| east 50% pure, .or at |east 7 ur at | t 80% pure,

| east 909 phFErdigR thonp ashect o  PEGiDhoFord 1 PERGES Snspgl movwder difiraction
Accordbaﬂerﬁﬁaﬂﬂgclﬁm&dism csBEtRin B LR 20C@ - (ﬁﬂ]’%%‘@éetﬂ)@m 9&rm:r I7S£§
one or nore i, Forma-dry, Formt Form

13-2. Pds 04 thy90#é)slyl9é‘(%0#0i%7 &0. ]ar]fﬁﬁﬁh%thsi"f%#@sl 89 orﬂae boaorﬁ :hoanas 4

pharmageutically acceptable carrier. I n one enbodi ment, the
conposition further conprises one or nore pharmaceutically accept abl e
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I n anot her enbodi nent, the EtOH slurry conprises an EtOH H20 slurry
inthe ratio of frombetween 1 to 0.02-0.45. Provi ded herein
according to one aspect, are processes for producing a m xture of
pol yrmoi phsWP 2Md873% onpri si ng humi di fyi ng Form (. POF 50094036192
herei n, according to one aspect, are processes for producing Form1
of ri faxi mn conprising drying Form (. Provi ded herein,
according to one aspect, are processes for produci ng anorphous
rifaximn conprising grinding Forny or a mxture of Form 7 and Form

71 of rifaximn. According to one aspect, provided herein are
processes falcRuRdus (i APRE, péﬂe%wota% FEM‘ 1 GRABEE §h ogr@rﬁataer diffraction
precipitation from ethyl acetate W th t ane.

enbodi pekern heyag sharedersstie peakis expresng it émeeﬁﬂﬂ Ct/n§-201egtse datce®+ 0.1; 13.9
anmor phQus 1 {4 @Xighi. Bo 0 4 0.1: 208 €@N1dPg oL, P AE4C 4. 995(91”0‘?“’7‘11 Dhgneify .
arc processes for producCing anoiphous i m n - conp

| yophi 10.zd8i%n0. ilnzam dtOd);anEO 0 weik 20 D:410. 1 08K £ a4t oesxaactmmmombmo 1;

T ng 200 e ATSPORAENY o BT R A LR O R IP a R s 7o+
aspect ,0. 191900 dagloﬂma &0 ; 209 0. ocmes 1f 6f 5. pmdmimoarmp&tmu@ 0:+0.1; 9.4
rifaximn CO |S|gg%premp|tat|on romacet

enbodi Aght;, ! 0ds 6280kl Orel 1cthpE Odesl- Prfblq 1 Rg- 4t='h‘é1pr oduced
aror phous 1 Mceasuﬁg% one asPecActﬁer elmqstpysa%%ms&t an @mé' %t_%gtehﬁtfﬁmm

are processes of I111)ro uci ng 13- onprising precipitatin ry

Et OH/ HPetgrrhaying characteritie m:fdns ngnr@ssed)medeg@pezﬁ (.30 Here: hiet 69 At g7.9 +
proces HO t of ( and 7 by precipitating the
initi alsbelsr’lgtgbfaﬁ?rlﬁﬁy R (13@r}td%ienl>r%adrjt£n§r% set forth in Table 15. WD
2009/ 108730R€Erdrtii‘520697’n@35ﬁ@2 the polymém:pjoFdnrmg eklabios en asmcﬁqwdaf diffraeidn

ot || REERRRGSE BT Hath PR e T diees S eomearen oo e 19+

m xt ur @sl;elper @1t he process conprises precipitating the initial forms
in the manner set forth in Table 14. According_to one aspect,
provi ded hef&padigedo fingasaesbsthe polyimombe Forg friexibitean efravanadpy drfesgction
lncl udipB@erR WhviR®thard dBrisBe pleks EQrBs¥d th defde ¢ &

onpri SI n prvelc‘?pl t at |rng Pheblﬁfrt |Sal gl)rrs ?Iﬂ({ﬁfemrra Flée@re?jsl{ejtf orOtlh 1.;52
TabI e £0.1;149+0According to one aspect provi ded herein are
processes f [ Xt ures
rifaximn aga Ogaﬁgl{godr%gralsé thﬂ'p 8lcymp|I§F§tF r%bltc ﬁ%{}?snt‘h al Yot rgt(;)r fhnfﬁ?‘f'tl@n
nmanner psidn hevihg cihanac'fe;-rfstielaeak@ emehsédlm degrees 20°AC¢-00.200 dguréeco0)ans.oasmect.9 =
provi dﬁl'd]ntfgr ei are processes for producing an E- dry Form of
rifaxi {si ng precipitating the initial rifaximn forns in the

manner set h@édrbmgrtoabla@pébti the polymofi§it P& DExKiBitPRe )@ﬁa@elfohrdepﬁﬁmdr%ﬁ
herein are grocesses for, producing rifaximn formti and m xtures of

ri faxi PRI SpYRE pharagiisic et%ﬁmf:&sgd prdsgreps 2ukhmy29 Arsreaat 49 0.1 9.0 £
rifaxigmnigeugin the manner set forth in Table 17. Accor di ng
to one aspect provided herein are processes for producing anorphous
rifaximn cémdl@g rtg an: @épqyt,ttht ippkymokgh Fenint i gkhibiits ax Xxiay ffosrdes diffradtioe

nr o nPagen bRURd ARl RHE pily sxprerrer SRR PR 0 J0 o SRR PR PE 01, 155

mxtureﬂ)nf14F90tm1a and Formf3 and Form C- 1 of rifaximn conprising

precipitati nitial th nner s forth in Table 19,
Accor di ng tg%ﬁ‘?’famﬁ§ﬁé)@? aS]Eﬁcgvtg‘ngﬂg ng'i Eafat é%tlg%%s sTay Rowsien A Epghign
For m apgidtn hinahEtRradr@isit fealts ¥xprEREdnd depreEPT 13- GILY dedrQ G1aE5 9B, M ¥9 +
anor phous For Fromy-1 (() and Fromf% m xtures, Form C and Formy
mi xt ur &sl; aﬁailriaatmy and From || mixtures of rifaximn conprising
precipitating the initial forns in the manner set forth in Tables 20
- 22. Provi ded herein, according to one aspect are processes of
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WO 2009/ 108730PCT/ US2009/ 035192 Provi ded herein, according to
one aspect, are kits for treating a bowel disorder in a subject,
conprising one or nore of a Form (, FormmForma-dry, Formt, Form
13-1, ForWQ30/10873} m c-dry, mesyl ate Form or anor phouPCTaisao835192
rifaximn and instructions for use. Provi ded herein, according
to one aspect, are packaged conpositions conprising, a
therapeutically effective anount of one or nore of a Form (, Form
Form a-dry, Formt, Form 134, Form 13-2, Formc-dry, nesylate Form or
anor phous forms of rifaxinmn and a pharmaceutically acceptable
carrier or di r t

Creating o otb onp QU arr s e SERERA, EREE no® SRS e difpton
and pa@hﬁgediavm hharmwsug peaka sxpressed ondegaees 3B[(Be .28 dbgree Phy %¢ b lo r12 7
susceptlcp! bowel di sorder. In one aspect, a

phar maceu |caI cbhposition is presented, which conprises one or nore
of For m (, Becording,to chemspeodrtjﬁe pEkymnr;ih Fénon MeBhibits &0 0hral:3podvdeFdifffaction

at.e Form or .anor phous and, a
Dhar e BRET LATiRg SRS P ATTFEPY 1 Brete b Pk Bracs Dige3 9 +0.1, 7.9+
phar mageybiccab. 1 conpeiti on further corrprl ses exci pi ent s
According to anot her enbodi nent, the excipients are one or nore of a

di | uting ag@hordiBe igiang aa@eéhtthe pakymogat Feign agélﬁblts afr - We@%ier diffraction
agent, GOl AhhNEe e torishib AURS EFe Q0P t

anot he|P enbod‘lln% ?1 grrposﬂ%le%n @sd c?regru / gééjgdi%%)adtgﬁ
and un@da@é)dtﬁébl?e’t’$0 lhard and soft gel atl ne capsul es sugar coat ed
pills, |oze fer sheet eII le acket

I n one enbo%gﬁ)erd &’at[o o§| |orr11“:"‘|’yi‘qﬁ 0rrrﬁl Stuéj d’?ug?n 651%3 [ %(Pé, pOW§er
Pr es entdiffratt@maiatterndaciag dharrgctémsne meakdeRpetsed ar degrses Do - 01‘20 degad g 5.34

B ni 1P ackee S0 ATl R L0170 0Ete DOTE B <0 RS BB a1y 1095

Vi rus wcmam sfd GQO* yﬁ?@mmmt ol 4@&60@0 9149 € 090; POE@HJD (0 16@6@ (- 96;8r
a-dry, Form 1. Form Form f3-2, Form c-dr | at e Form or

anor phdfig3Fod il Wor:r pafe. 7.6 0.0 1528 o 46: - Vs GABL a7ak6. Bk OdOmbATO0 =
wher ei iy jtohgg BOWRY 1 f 85 3y &G ﬁjeaps @% 0. 7; 9693 L, fﬁo'ig'/@& d.10- bt 38k & PRBlo3

syndrone, ‘travel er$” diarr smal I~ Tntestinal bacterial” overgrow h,

Cr ohn' si:(Ul%é'aE’de‘cOéﬁn,r&ﬁﬁtO;jﬁnw €at10t1i0s 10.p2n Orl®al 6.23 £0sI0f 17.¢0 e@cly) 1584 +
coliti S rein, according to one aspect, are nethods
of assg]slsoi’ %1992%ﬁe 0'ig; ?I zggyhlof a bowel related disorder treatnent in a

subj ect, rmm;mdmggtot be: psEgt,eths Mbsydats LEblanbe bifimgint kelkbied X- W;? powder
2009/ 108 30PCT1US2009/ 035192 for a bowel laé ed dlagr dﬁ

met hod 2L ONGRHITRGE%E § 1%%!?“#18.1)6%1%5191'&% Ingfeaipen gl Ol grees o) at 534
conpri gmm 6cb@tieojmmﬂgtamr&fﬁae@mama;i@oqh 9f46QQ}Cltoe'10@ti0 10; or 5.34 =
over gr owm m ni steri n% her apeut i cal g%#oectl ve amdunt of

one or On]@s R4 Qalq;dpr@éto HSrimPI£ 0. ﬂ%rlrﬁ -%1P40; ar 180%-46 £8-19; 16:62 i
0-2, Fong ¢85 Y0 [E¥h8%S f@wnl%s%rleh%i Lo T1@30 i'd‘ﬁ%'l%a £ 816, '1)%
subj ect; "and det eérri ning a post-{Treat neht evel acter

overgr eSVSBht afi0.ct.4lan 0 b 8|4éli D&Y iwd. Wi+ 010 peatl. Wy TH1 tﬂ:mal(hriéf Odr+ nbd;

of For ' . |, ~Far -dry, o Formdl. m.f.31 m,.f.3- Form
o dry, T A0 5 il s Ot RS 1 166 Bk Rprd A Toi10: £93 5T, 67-41
entd)odi EENL0; f81246e1: mrwtm:coadzihjemmr,flot%et Devel6. T¥+ Oact(ﬁﬁi:’ﬁﬂi @\r%mmloho 741
|n|cate ica the tr ot her e

decr eabat f4pa B2 BT Das 1mes Ol TheSopabt fekd 1s22 77+
ef fi cagi@usd.g1+0.10, bNgpRotiper enbodi nent, the nodul ation of the
bacteri al overgrovvth is an indication that the subject is likely to
have a favorable clinical response to the treatnent. Present ed
herein, according to one aspect, are kits for treating a bowel

di sorder in a subject, conprising one or nore actions for use.
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Al so presented herein is the use of Forma-dry of rifaximn as a

medi cament. Al so presented herein is the use of Formt of rifaximn
as a nedi canent. Al so presented herein is the use of one or
mor e anor PKBAL1887AE of rifaximin as a nmedi canent. Al s@CGIUESE108d92
herein is the use of Form[3-1 of rifaximn as a nedi canent. WO
2009/ 108730PCT/ US2009/ 035192 Al so presented herein is the use of Form
13-2 of rifaximn as a nedi canent. Al so presented herein is the use
of Formc-dry of rifaximn as a nedicanent. Al so presented herein is
t he use of rresyl ate Formof rifaximn as a nedicament. Presented
herein, acc t t e or.

of one or e ope, b 80 Rty CRC Ry AL S REPGP IR b BB Shidt:
13- 2, Iﬁéﬁfmt@orwaytpmdmsylga:he*aﬁmmcqmalarmpqgmdum dlegrarq:s 26)(+/f D.28xegrem0) at 5.34
Present 9611619@ X rngpqg to anot her aspect, is a Formy-1 (O
conpri si ng ‘ar ’ n-substantially simlar to Figure 1.

Pr esent ed h@’c&brﬂmgamcaﬁﬂla@gsct Othanekfitdte aHR@C bf rif&lﬁlf@klﬁbﬁ Q(ray powder

r| f axi conpris an XRPD tern substantial | i m to gure
%@F wakpem Mreigic afa%{E‘g%‘Fd’Pﬂij CXBFeSi ﬂ%ﬁgr%%aé&#/- 24 dser é)rﬁff 34

of rifaxe.0p;v Q00N 48 ano)XE patipern substantially simlar to

Fi gure 3. Present ed herein, accordi ng to another aspect, is a

For m anor phégsordmer fof a%¢ rfsPechothsr mesyiie ForRPD rifatimar exkibss Careyi apwier

sim | ardlﬁ'lgctjlzdr%ﬁr @m‘havm charag) Ex?x?l?: :ﬁ%: 5. eSellin Ry % Q‘Q}Q;%O g%gg%ééy

aspect, is a m armr hous n conpri-sing
subst art (.80, I8y46slr&11031106t20t@:i1@,d|0é955t0 10; 16 23&@;%@nt ed herein, according

to anot her as s a_ For r|f n c ri.sin
ot rorn suparhfiiing o of aebe 8 wetyis B 8P Ml Sl KRy powder
accor didﬂgrabtﬁnmﬁbxhiefavmg mﬁﬁhctemic@eﬁ@renpr)eﬁse@in cﬁdgf@x ROTH- C.O0AEdrSE Okt 3193

XRPD pat nt| | | ar o Fi gure 9. Present ed

herei n* é{ﬁggr‘%i @ES ﬁ‘%{tﬁ l 59}§é‘E:Q ‘is a Form anor phous of rifaximn
conpri sing arceHRR RAbhE BpetPikamkiyadtt YeotnTbf @ffaﬁlﬁlrﬁz 'te'ﬁBﬁs :b@ray powder
Presented herein, according to another aspect, is a Formt

rifaxi fiiagrmopatisrm bevang XRPIStgsistie eeaks supressedtin Aepipess Phi(t/a0. &Oodergir@ﬁ)eat
11 R 1A, t Clg 1hS @

resyl ald ot S0 S GBS, G s R PR e a1y
simlar to I?%lcgu:dmglﬁv one aspecBr élsemtsg&lhthd?oemnpf arfmmdi rghibits abetyh@owder
aspect, I phous of rifaximn c isin
ubet ariiiFp s SRR iRy st p s st bR B e p BT et 695
Pr esentegl1egrding. 1&E&46£019. t o anot her aspect, is a Form anor phous of

rifaximn caonpri a cycling DSC substantially simlar_ to_Figure
21 n?ordi% t% one yaspect gthe mesy Tate Form of r%‘ammm exhibits X-ra%r powder

diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
+0.10; 6.93£0.10; 7.41 = 0.10; 17.94 - 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree 0) at 5.34
+0.10; 6.93 £0.10; 7.41 + 0.10, 8.46 £0.10; 10.62 = 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
=0.10; 6.93 £0.10; 7.41 £0.10; 8.46 +0.10; 10.62 + 0.10; 10.95 £ 0.10; 16.23 + 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder

diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
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Presented herein, according to another aspect, is a Form anorphous of
rifaximn conprising a TG substantially simlar to Figure 22.
Presented herein, according to another aspect, is an anorphous Form
of rifaxi WA28HHBLI ng a cycling DSC substantial |y si RCTAS2G08/0351%ur e
24. Presented herein, according to another aspect, is a Form
anor phous of rifaximn conprising a TG substantially simlar to

Fi gure 25. Presented herein, according to another aspect, is a
For m anor phous of rifaximn conprising a cycling DSC substantially
simlar to Figure 27. Presented herein, according to another

aspect 4 g §0.%. 93¢ mmwaph}m @f46r£ 6 AR ﬂQ@'mriOSés”:Qoa}oTﬁ 23+ 0,10, 1770

subst ant i allé simlar to Fi gure . Presented hetrei'n, accordi
t o anotOhd: 158p&dt10; i28 +0. FQ)rZﬁrﬂaFi:d} Hh@é&éﬂfo ;23R Wl onpri sing a

modul at ed DZC. dosrglggt antial ecF'tﬁ{Ell%%Syﬁa?es 'T:'é) r&¢ rf?amm exhibil %raﬁ'aﬁ?‘ﬁﬁkﬁ

herei n, accor ng=t o anot her "aspec orm anorp OUS 6]
conpri sllfﬂgctmnr}nduha]heldg ﬁﬁﬁ:‘acserimt pedids @k pryssed i degfecs DB E/90e@ d&fdee 0) at 5.34

Pr esent in r.di to another aspect, is a Formt conprising
t her maft 5({12 gdb%tl@tﬁ@%élﬂi@g%l mlar to Figure 31. Present ed
herein, accaceirfiggt® aROLERLt ahPeGEsyldts RrfiobMrifa @Al kkiShind Xofa?t Péwder

+
g

NVR spectrum substantl ally simlar to Figure 34. Present ed
her ei n difffactionarafigrnihgving shaveqteriptip peaks cxrreget iy dpstses A (HcOADAsasrafy 24534
TGA anq_j(pfo @%@Mb@tgwi ghby simlar to Figure 37. Present ed

herein, acéording t'o another aspect, is a Form13-1 of rifaximn
conpri si ng therdRPDoS olys tasprect, athk yrngﬂyiﬂtft djorfi gﬁnréa)@tmn exhibits PF-mgepoweder

h
Cg;rglr PSIfﬁg&%ﬂgv ﬁ%ﬂt[lagvmggﬁmrd tclarng cal 5 re]t‘l:qurge?se(gl gu e %B P+/— 0. 56 QXI m é; ﬁ.{ g 84
her ei n; (atd; 0096 ad).10) 1688010, agpe&to 1I0.s a Form 13-2 of ri faX| m n

conprising aTGA .and/ or DSC substanti sim]ar. to, Fi
2000/ 108730PEFr BB 000 RRRTRGSE the Tesy aé“sﬁ’m’édoééﬁf"’éﬁnﬁm %ﬂe&%?ﬁwt powder

anot hedifia@Rapattéis h@wﬁ@"cﬁﬂr&téﬂsﬁc g@ﬂe@exﬁbﬁgdauﬂ%@%eamtb 0.20 BFee ) at 7.41
substantially simlar to Fi Presented herein, according

t o anottfell: §46eck 10=|1963%%Q%119~9é#;ﬂ Kbnpri sing an XRPD patt ern

bstanti al
i sl osed i ra e ep Dl o ol e By W S BPEb Al

exenpl dﬁ"iraotﬁﬂ[palﬂam @vmwhaﬂcteamcrrpwkﬁaﬁmewed if Gpgreds @J(Jef- P.20sdegree 0) at

exenpl P r f f Lgure 3 is an exenpl ary
XRPD Pgﬁ¥ern f)q’ ?&t]P%x@nOlorll?‘%rmwnlg nfo Z%E%%E’e@m ary XRPD pattern
of ri faX| i Acéooding amooﬁcaq&ct Fﬂhguha;yﬁtes h?bwﬁ &l rifaseAil axhibitsGX- ﬁiljldp(ﬁvder

D forif f h h I f
r ISfC a)c<)i ac? i(s)lpgag{ﬁw? a ac%%gtlc pea%g regpr%ss%d c{x\{\%egargeseﬁ(ee ?B- arz% AVD 9(3 at

16.23 £0.10; 17.70 + 0‘10, 19.29 +0.10; 22.77 £ 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder

diffraction pattern having characteristic peaks expressed in degrees 28 (/- 0.20 degree 0) at 5.34
+0.10; 16.23 £0.10; 17.70 £ 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 28 (+/- 0.20 degree 0) at 5.34
+0.10; 6.93 £ 0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 + 0.10; 10.95 4 0.10; 16.23 £ 0.10; 17.70 +
0.10; 17.94 4 0.10; 19.29 +£0.10; 22.77 £ 0.10.

According to one aspect, a polymorph amorphous forms exhibits an X-ray powder

diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.3
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Figure 7 depicts results of TGA and DSC of rifaximn Formf3-2.
Figure 8 depicts an exenplary XRPD pattern of rifaximn Form C.
Figure 9 depicts an exenplary XRPD pattern of rifaximn Formi.

Fi gure 10 wWepeei1es7ah exenpl ary XRPD pattern of rifaxi mPCTRESRIPN/035192
anor phous. Figure 11 depicts an exenplary XRPD pattern of rifaximn
Formi. Figure 12 depicts an exenplary background subtracted XRPD
pattern of Rifaximn, Formota. Figure 13 depicts |ist of
observed peaks for Rifaximn, Formlota. Note that the peak | abels
are meant as a visual aid. Consult Figure 14 for accurate 20

posi ti i S [ 11, orm ot.a
and 14 gkg%oﬁug tg hﬁl rﬁ)oﬁl‘:d;r’{tle ﬁjt%p(lagg %&nﬁl g’x m‘% raﬁ? n%npolgas ré’épléatigalo
depi ct mamﬂ%gpm 2e8; or 5dr 10 h Gneshcua helo Farge), dfl. 3r-17f &(drmﬂrphous halo range),
Figure 1 pj cts an exenpl ary backgrou d XRPD tern_of
i Dot it ety B0 e Sedteqs i 8 5 Qo Fiacplous e et 13
obser veghpaeaste (Ao foakidaindy] ﬁhdrﬁﬁleaTSe(aﬁl@hﬂ'toué\'Hél@ rtﬂgej défﬁ&s@e@koﬂ 2heb s
inthis |mage are neant as a visual ald. Consul T‘%ure

accur at@meehepss halp ofigge). Vg z(ewmms%b#@mwsmw@/ @88 1578 (apprommatgu helo
187 deRhiliufRiPaaios 3-RRSSLIOT (il ndloesNe) 2. ¢ (SRl dxidRe nd Fnaximum),
sal't. Figure

depi cts promnent peaks for aX| n nmesyl a
depi ct d18nl 7e8<@mmhoys K@PDHEV}BM &)(alllﬁfomm@tahalmmﬂxanm})ﬂﬂMS at&, errpt S.

Figure 20 d nexe ry DSC of rlfaX|mn ash
preci pitati g\%cofr at ge}t 2 PTPIRE ool forf 8 IE{P ﬂ’ powder
depi ct shﬁﬁxeﬂqnl ]:attyrnrmmgtchamtemymlpeﬂg daﬁ@smﬂ i utg&smerw-amn e D) at 7.3

(crash pr t on frome I tat ne).. Fi gur

55" Gop EREURat s Py b 7R ons bR E AN L GPpER G o
preci pintaatrh@n) ddpgdds etohyl acetate with hept ane) Figure 23
depicts an exenpl ary XRPD overlay of rifaximn, anorphous (top to

bot t on : aw&ﬁ%@e}g tocones PsPBtte & mlmwbrﬁmmﬂmuetﬁaws s¥leibity an \if-tgy powder
hept a“%)fﬁ?&% Sh¥ha B RO Sstic peaks ekhBYES irPdecRRD #- 8% -
results o y a?tng I%S%B ? %:’isxllcr%gan,seatm%pﬁéu yo 6 ¢ ?zgtﬁlp%[@éty)nat >1
p- di oxdfd: (amnmoua halp range), 11 Fil g 8r(empsphdephale saren), emé dﬁlSafappme'mtdta Balo
of TG .m ayor phous (I yophilization in p-di oxane: water
1:1). Hasd Ih&rlg—r%e@r-éél’s %gﬂgepi cts an exenplary XRPD of Rifaximn,
anor phous ( Bogriiag kot dremspeanar hatisph| eyﬁlﬁjjﬂduis zfgtrhy Bx hibits alli X0 powder
wat er 1: and |ik hous, re 27d |ct npl ar
esul ¢ Siffper W&aﬁﬂg‘iﬁé&ggﬁa@?ﬁ?r&%&lﬁ RFFS cattstsgtfah%esmca Pt 838 deeree R 4t
acet ongj.] (amorphoﬂfd K4S angd), ASRhSirSxiMsRMalcAh¥xim8iY] dnd 19f3-173R @fmorphous halo
rifaximn, anorphous (fast evaporation from acetone).
range) degrees 2-9.
According to one aspect, a polymorph amorphous forms exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 6) at 5.1-
10.1 (amorphous halo range), 7.3 (approximate halo maximum), and 15.8 (approximate halo
maximum) degrees 2-0.
According to one aspect, a polymorph amorphous forms exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.1-
10.1 (amorphous halo range), 7.3 (approximate halo maximum), 11.3-17.8 (amorphous halo
range), 15.8 (approximate halo maximum) degrees 2-0.
In one embodiment, the amorphous forms exhibits thermogravimetric analyses (TGA) of

a 1.5% weight loss at 100 °C.
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Figure 29 depicts exenplary results of nodul ated DSC of rifaximn,
anor phous (crash precipitation fromethyl acetate with heptane).
Figure 30 depicts exenplary results of nodul ated DSC of rifaximn,
anor phous WePHSAIBkci pitation fromethyl acetate w th BEEIISaNNeN35192
Figure 31 depicts exenplary results of thermal data for rifaximn,
Formt. Figures 32A and 32B depict exenplary results of hot stage

m croscopy of rifaximn, Formt. Figure 33 depicts the result of
FT-1R spectrumof rifaximn, Formt. WD 2009/108730PCT1US2009/ 035192
Figures 34A to E depict exenplary results of pr ot on NWR spectrum of

over 1y of Eroftimbodinen, 6ol ARIEIIORERETSS il CAR Ay s of

Form aabsadmdothelﬁmtmbautdwc afifiiamainer eﬁdmthem‘eat 293)&@1 h - Formy; Fifth

- Form5; Sixt Sevent h - For ure
36 depicts gtﬁr(l °é‘>%e?r“ﬁ$ dmmg&R%B R A Og%hf?‘B%ll’ 5&1’% ﬁ‘ﬂ%‘tﬁtﬁd f[g cgitel
dry (t @pdnnifgoCaivamény @MDS[;) slacrwk 4 glhse teansRbe (B@qembémﬁlt@dsﬁset 161 1@ WHBUtIH9
depi ctg . exenplary results of TGA and DSC of R faximn Forma dry.

Fi gure Ss depicts the XRPD conparison of rifaximn Form 13-1, 13-2,

13 and Ref eleaceeniidihdn3, thé F@%%@Oﬁﬁﬁlpmﬂla tFormR#o%fﬁlﬂn rpoﬁgrgn JForm
13-1; Second - Rifaximn Form 1 faxi mn Form 13; 'and
Four t h &=dry Mesyla Fome Pe cBRBROR, forms DT rifsximin é@ﬁtmnd@qsﬁbm %rbsUmeight total
2005/ Oﬂﬁﬁrﬁﬁe sA'). Figure 39 depicts exenplary results of TGA and DSC
of Rifaximn form13-2. Figure 40 depicts the results of TGA and DSC
of Ri f axi mi n éwpramtwdangnt, the Form Gifgume), Bdrndepirg Formm ]E@xmrﬁpl a%ym B-2, Form

onpari_son of R Pattern lea n For and er
Pat terf € ’“E%SES%(BJ%’ rdg‘ﬁfp%ﬂl éré ﬁ’\ngnﬁfr%ﬁedggg)ghame qf(? %gg[prﬁilre’
Third or Hdeat m%@ﬁetmeaasﬂwmmmraakemvs%qmm oaktilent d8% pll. 004
695. 2, dat egﬁl\/arch , 5... DETA] LED DESCRI PTI ON n‘godl ments of
Che | hvent | FCHERE{EoRF RGBTSR Wﬁ%ﬂkﬁww@mﬁwrw%owreo
rifaxi H‘H’brﬁ‘irg HoR® 1) 3Rr@f o-HRO $8rth QF F&mAP- la'FBx‘n'?'B@ | fo%m_¢-8ryOBRsylate Form or
enbodi nent 't e use of Form C (Figures 1, 2, d’8), Form (Fi gur es 3

and 9) ampEbhap motrﬁﬁgamgn@asphansaqeuu@élwmep(ableg:arr@s 11 - 14, 31
-34), F , ,
Forh e ory. PR, PERSHEE RN o D00 A B A, ol Gyt

anmor pheespablenscipkingur Ble elxc*puﬁt,ts i@y bé Dne oB(ﬂr;oranﬂaElﬂ)ltmg agele bmdmg agent
anti bi ot.i.c_known nuf acture of .ne

pr epar glthlngarltténgfatgrc nf %‘éﬂeﬁr fiing ¢ g%ngpoo%@g F‘%‘i?:t gﬁ'lvgrl%argf%tﬁ)dlsgfggmg agoit.
Enbodi ment s Aofordling to ovie eiibodinéng Qh¢ phatinacdubicAtBhipositibd niag beOforfbleRd as
nmedi ci nal Ecgr c%ar ati onI? to. a subé ct in need of treatnent_w th

ant i bi 6¢4!g or uncoatedpiablaly; R grssolf auitpoEARaLsT StEw-oried s doxeneess wefer

ant i bi ghdefs pelit§ 8X ipBivers Sn & e@m;}ﬂe&th%l engelzttaf e&t)wﬁtew %heﬁéha%%é@dh@al
l: WO 200§P108730 CT/ US2009/ 035192 Table 1. Summary o

Ri f axi APAPESioRsnBoHseebeaforrauleed for demicatuen

According to another aspect, provided herein are methods of treating, preventing or

alleviating a bowel related disorder comprising administering to a subject in need thercof an
effective amount of one or more of Form {, Form m, Form a-dry, Form 1, Form B-1, Form B-2,
Form g-dry, mesylate Form or amorphous forms of rifaximin.

In one embodiment, the subject is suffering from at least one bowel related disorder
selected from the group consisting of irritable bowel syndrome, travelers’ diarrhea, small
intestinal bacterial overgrowth, Crohn's disease, chronic pancreatitis, pancreatic insufficiency,

enteritis and colitis.
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In one aspect, provided herein are processes for producing Form { of rifaximin comprising
forming an EtOH slurry of an initial Form o-~dry of rifaximin at ambient temperature and
crystallizing rifaximin from the slurry. In one embodiment, the method further comprises
crash cooling the slurry prior to crystallization.

In another embodiment, the EtOH slurry comprises an EtOH/H,O slurry in the ratio of
from between 1 to 0.02-0.45.

Provided herein, according to one aspect, are processes for producing a mixture of
polymorphs ¢ and y comprising humidifying Form £,

Provided herein, according to one aspect, are processes for producing Form n of
rifaximin comprising drying Form .

Provided herein, according to one aspect, are processes for producing amorphous
rifaximin comprising grinding Form y or a mixture of Form y and Form 7 of rifaximin.

According to one aspect, provided herein are processes for producing amorphous
rifaximin comprising crash precipitation from ethyl acetate with heptane.

In one embodiment, the process further comprises milling the produced amorphous
rifaximin.

According to onc aspect, provided hercin are processcs for producing amorphous
rifaximin comprising lyophilization in p-dioxane: water 1:1, and fast evaporation from acetorie,

In one embodiment, the process further comprises milling the produced amorphous
rifaximin.

According to onc aspect, provided herein are processes for producing amorphous
rifaximin comprising precipitation from acetone.

In one embodiment, the process further comprises milling the produced amorphous
rifaximin.

According to one aspect, provided herein are processes of producing B-2 comprising
precipitating a-dry in EtOH/H20 (1/1).

According to one aspect, provided herein are processes of producing ¢ and mixtures of ¢

and y by precipitating the initial rifaximin forms in the manner set forth in Table 15.
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According to one aspect, provided herein are processes of producing mixtures of Form v,
including but not limited to Form y and Form 1 mixtures and Form y and Form {, mixtures where
the process comprises precipitating the initial forms in the manner set forth in Table 14.

According to one aspect, provided herein are processes of producing mixtures of Form -
1 (£) including but not limited to Form y-1 ({) and Form B mixtures, comprising precipitating the
initial forms in the manner set forth in Table 13.

According to one aspect, provided herein are processes for producing rifaximin forms B,
o and mixtures of rifaximin « and B comprising precipitating the initial forms in the manner set
forth in Tables 10 and 11.

According to one aspect, provided herein are processes for producing an &- dry Form of
rifaximin comprising precipitating the initial rifaximin forms in the manner set forth in Table 16.

According to one aspect, provided herein are processes for producing rifaximin form n
and mixtures of rifaximin forms 1 and v comprising precipitating the initial rifaximin forms in
the manner set forth in Table 17.

According to one aspect, provided herein are processes for producing amorphous
rifaximin comprising precipitating the initial rifaximin forms in the manner set forth in Table 18.

According to one aspect, provided herein are processes for producing Form &, Form B-1,
Form (-2, mixtures of Form o and Form B, and Form {-1 of rifaximin comprising precipitating
the initial forms in the manner set forth in Table 19.

According to one aspect, provided herein are processes for producing Form a-dry, Form
a, Form g-dry, Form 7, Form e-dry, Form {, Form vy, amorphous Form, From y-1 () and From j
mixtures, Form { and Form y mixtures and Form y and From n mixtures of rifaximin comprising
precipitating the initial forms in the manner set forth in Tables 20 — 22.

Provided herein, according to one aspect are processes of producing a mesylate Form of
rifaximin comprising the conditions set forth in Table 26.

Provided herein, according to one aspect are processes for producing Form 1 comprising

the conditions set forth in Table 27.
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Provided herein, according to one aspect, are kits for treating a bowel disorder in a
subject, comprising one or more of a Form {, Form 1, Form «-dry, Form 1, Form B-1, Form B-2,
Form g-dry, mesylate Form or amorphous forms of rifaximin and instructions for use.

Provided herein, according to one aspect, are packaged compositions comprising, a
therapeutically effective amount of one or more of a Form ¢, Form 1, Form a-dry, Form 1, Form
B-1, Form -2, Form e-dry, mesylate Form or amorphous forms of rifaximin and a
pharmaceutically acceptable carrier or diluent, wherein the composition is formulated for treating
a subject suffering from or susceptible to a bowel disorder, and packaged with instructions to
treat a subject suffering from or susceptible to a bowel disorder.

In one aspect, a pharmaceutical composition is presented, which comprises one or more
of Form {, Form n, Form a-dry, Form 1, Form (-1, Form B-2, Form ¢-dry, mesylate Form or
amorphous forms of rifaximin and a pharmaceutically acceptable carrier.

In one embodiment, the pharmaceutical composition further comprises excipients.

According to another embodiment, the excipients are one or more of a diluting agent,
binding agent, lubricating agent, disintegrating agent, coloring agent, flavoring agent or
sweetening agent.

In another embodiment, the composition is formulated for selected coated and uncoated
tablets, hard and soft gelatine capsules, sugar-coated pills, lozenges, wafer sheets, pellets and
powders in sealed packets.

In one embodiment, the composition is formulated for topical use.

Presented herein, according to one aspect, are methods of treating, preventing, or
alleviating a bowel related disorder comprising administering to a subject in need thereof a cell
infected with a virus with an effective amount of one or more of a Form ¢, Form n, Form -
dry, Form 1, Form B-1, Form B-2, Form &-dry, mesylate Form or amorphous forms of rifaximin.

According to another embodiment, wherein the bowel related disorder is one or more of
irritable bowel syndrome, travelers® diarrhea, small intestinal bacterial overgrowth, Crohn’s
disease, chronic pancreatitis, pancreatic insufficiency, or colitis.

Presented herein, according to one aspect, are methods of assessing the efficacy of a

bowel related disorder treatment in a subject, monitoring the progress of a subject being treated
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for a bowel related disorder, or a method of selecting a subject for treatment of a bowel disorder,
comprising:

determining a pre-treatment level of bacterial overgrowth;

administering a therapeutically effective amount of one or more of a Form ¢, Form 0,
Form o-dry, Form 1, Form B-1, Form B-2, Form g-dry, mesylate Form or amorphous forms of
rifaximin to the subject; and determining a post-treatment level of bacterial overgrowth after an
initial period of treatment with the one or more of Form {, Form 1, Form a-dry, Form 1, Form B-
1, Form -2, Form e-dry, mesylate Form or amorphous forms of rifaximin.

In one embodiment, the modulation of the level of bacterial overgrowth indicates efficacy
of the treatment.

In another embodiment, a decrease in bacterial overgrowth indicates that the treatment is
efficacious.

In another embodiment, the modulation of the bacterial overgrowth is an indication that
the subject is likely to have a favorable clinical response to the treatment.

Presented herein, according to one aspect, are kits for treating a bowel disorder in a
subject, comprising one or more actions for use.

Also presented herein, according to one aspect are packaged compositions comprising a
therapeutically effective amount of one or more of a Form ¢, Form 1, Form a-dry, Form 1, Form
B-1, Form -2, Form e-dry, mesylate Form or amorphous forms of rifaximin and a
pharmaceutically acceptable carrier or diluents, wherein the composition is formulated for
treating a subject suffering from or susceptible to a bowel disorder, and packaged with
instructions to treat a subject suffering from or susceptible to a bowel disorder.

Presented herein, is use of Form ( of rifaximin as a medicament.

Also presented herein is the use of Form n of rifaximin as a medicament.

Also presented herein is the use of Form o-dry of rifaximin as a medicament.

Also presented herein is the use of Form 1 of rifaximin as a medicament.

Also presented herein is the use of one or more amorphous forms of rifaximin as a
medicament.

Also presented herein is the use of Form -1 of rifaximin as a medicament.
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Also presented herein is the use of Form B-2 of rifaximin as a medicament.

Also presented herein is the use of Form ¢-dry of rifaximin as a medicament.

Also presented herein is the use of mesylate Form of rifaximin as a medicament.

Presented herein, according to another aspect, arc processes for the production of one or
more of a Form ¢, Form m, Form o-dry, Form 1, Form -1, Form -2, Form g-dry, mesylate Form
or amorphous forms of rifaximin.

Presented herein, according to another aspect, is a Form y-1 ({) comprising an XRPD
pattern substantially similar to Figure 1.

Presented herein, according to another aspect, is a Form ¢ of rifaximin comprising an
XRPD pattern substantially similar to Figure 2.

Presented herein, according to another aspect, is a Form m of rifaximin comprising an
XRPD pattern substantially similar to Figure 3.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising an XRPD pattern substantially similar to Figure 4.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TGA and a DSC substantially similar to Figure 5.

Presented herein, according to another aspect, is a Form { of rifaximin comprising an
XRPD pattern substantially similar to Figure 8.

Presented herein, according to another aspect, is a Form n of rifaximin comprising an
XRPD pattern substantially similar to Figure 9.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising an XRPD pattern substantially similar to Figure 10.

Presented herein, according to another aspect, is a Form 1 of rifaximin comprising an
XRPD pattern substantially similar to Figure 11.

Presented herein, according to another aspect, is a mesylate Form of rifaximin comprising
an XRPD pattern substantially similar to Figure 15,

Presented herein, according to another aspect, is a Form amorphous of rifaximin

comprising a DSC substantially similar to Figure 20.
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WO 2009/ 108730PCT/ US2009/ 035192 a. Hydrate was determ ned by either
single crystal data or roughly estimted based on TGA wei ght | oss of
the specific sanple analyzed (in parenthesis). Since the single
crystal stWQ@03e87hdi cates water is present in | ayers PCTAISReN0M085192
anounts of water can present in a sane crystalline form Mesophase
was determ ned by XRPD patterns. b. Ml e of water per nole of
rifaximn, determned either by single crystal data or estimated by
TGA weight loss. c¢. solid formchange after exposing the sanples to
specified RH conditions, am = anorphous d. This sanple was studi ed at
20% RH. e. ose 7R t for dave .o .
As used her g@rﬁ&té@rﬁggg} \%@“E"@@m?"c%”%?or E‘E i§ orﬂ.mm% n}‘or?hofugx(%/fnf ana,mmn
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scanni ra;gmpﬁélﬂgamwﬁstﬁk&hﬁyéﬂﬁtﬁuf@ﬁg&emd 2). Form C conprises an
X-ray powder dlf%{)gctlon pattern peak positions at about 4.7

(doubl et), Yregentefodpieds )accdine otos anphr Asged.- i, atp pmaEphgpp dorm of rifaximin

(doubl %Bﬁlprlingc"a c?cﬂ‘iqg%S% Ql%&ﬁlﬁ?aﬁy%mglar%Fl@ﬁtﬁ:@gom 7.6 (doublet), 8.6,
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(doubl et), Pre3entd Gexethpldsbetling & Spotherdaspcts idegFems anodphons ot rifRimmih

8.2, 8.6, 9.5 10,2 i pl et and degr.ees 2-0; or at about 8.6,
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12. 6 ((SBWHIE‘%?SaT@Z““@“Pﬂ@ﬂbﬁ‘éﬂbﬂtollﬁglfegﬁoubl et) degrees 2-0. FormC
may be idenpjbipd a0t hRESRIE fozgﬁiotpé{' €ctOis ORGP TanloifiRGs of rifaximin
paramet ers and/ or one or nmore of [) S or poi nt's in the ranges.
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As used herein, "subject" includes organi sns which are capabl e of
suffering froma bowel disorder or other disorder treatable by
rifaximn or who could otherw se benefit fromthe admnistration of a
rifaxi mn V¥@28/846878bed herein, such as human and non- hRERASAD/NENE.
Preferred human ani mal s include human subjects. The term "non-hunman
ani mal s" of the invention includes all vertebrates, e.g., mammal s,
e.g., rodents, e.g., mce, and non-mamual s, such as non-human
pri mates, e.g., sheep, dog, cow, chickens, anphibians, reptiles, etc.
Susceptible to a bowel disorder is nmeant to include subjects at risk
of devel opi HoVe, s.suffenin
fromi mmnep%lﬁ%lpt)r es s%%g‘ké&ﬁg I{y&?ﬁggtp%ﬁalgg Eﬁ%%l N e jﬁ%@é%“%a iﬁﬁ‘ea dor a
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t he inventign ofgleérmla (I') or otherw se described herein which is
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rate of sel BighicOdAcdepSiOfdaR R0 RS fayintif SFo¥indAbla di\idtlaBtcﬁpi@Qf’}ir&ﬁﬁlent peaks for
repr esgl%a.tl % anaer obi ¢ and aerobic bacteria, including

anmoni FEORdioNY 1¥Beci es. Chenot her apy, 46(4), 253-266/ 2000)) .

Pol ynor phs el ifsaihidisian Tﬁ.@z@ﬂl foP RGN ds PP FifEhAY 10 vivo

bi oavail ability ropertles he pom¥nnrphs di scl osed herein
woul d be uskipuie dﬁpﬂétbpﬁregmfanlﬂlmb@kglph isalefengteidc XREDwpattermd ioff fréifaxdmtin
char ac;&o)l/,%? pthe treatment of infections. This would allow
generation o X|'m' n preparations that have significantly

differ ent I Etgmiesl Takpizdsoligpbf a:hsemied peaks fmifuﬁmnﬁ masylab@alﬂ. ot ttagthel petlo

5.0 ji h | ead f : h
are | Py ghers e e R 3i“oa o 8RR L PN Rgo ng



WO 2009/ 108730PCT1US2009/ 035192 Anor phous rifaximn may al so be
obt ai ned by spray-drying, fluid bed and ball m Il crushing as further
descri bed bel ow. Methods of Treatnent Provi ded herein are

met hods ofWOR2eRt1p8§0 preventing, or alleviating bowel MRETAIS29/035192

di sorders conprising adm nistering to a subject in need thereof an
effective anmount of one or nore of a Formc, Formii, Forma-dry,
Form 1, Form 13-1, Form 13-2, Form s-dry, nesylate Form or anorphous
forms pol ynorph of rifaximn. Bowel related disorders include one or
nore of irritable bowel syndrome, diarrhea, m crobe associated

di arr hea, i £l Al ££1.CJ i AL i r | ers' .
i arrhea, suanre 16 HEHE Coefil oS TRSIABLAR, eBdd B aut 18 3RER prominent
chr oni peparfor efakinin mesyamealeat i ¢ i nsufficiency, enteritis, colitis,
hepati c encephal th or pouchitj The. |.engt h. of treatnent
fora part s A COB0HS 5 eaRalr s evsslenat s AROREOHARObr dor
For exanpl eFiduka¥®H&i&s afledmieq DBY oThifdkithfQ dnbhbliL@HIE Plechhith@dn HHm

of 12 to ?bout 72 hours, while Crohn's di sease may require treatnent
dur at | GHY ?WﬂﬁBB?P@ea}ays to 3 nonths Dosages of rifaximn will

al so vary depeRdbNGicHRist BenffiEpaaats o ¥ Bins D30T HRRAAR, hABYASusBash
provi ded herein infra. _Provided hérei'n are nethods of treating
or pr eeevinitggom rpmtcton aepjate with hepfnedct suspect ed of bei ng exposed to
a bi ol ogi cal; . i Lfication of those .. ..
aubj ect s wnb AP EBIA0 S petary repub AR T BPUENAR b RRg R 8 e aiiasiop
i s wel lfrom ethylmcethte vathi ieptayieland knowl edge of one skilled in the art.

Certain of the hods for identifj.cation of. subjects ich are_ at
Tekor Qov D B O bty PSRy L iBh Ty ooy tpifg bottom):
subj ectanidgiHdasl(c2dsk paRipieGstked cthyl idieitdwiEh Bedtandy 4 li@UCAn@ghduam |y

hi story, travel history and expected travel plans, the presence of
risk factor SIBES gd AeRigswersmplingy awsvly qfnewelingr DSGatofg rifisasie, sarqrahqus
the subj8pfilizAiof il flaflxaik: Watdr19g in the art can readily identify such
candi dat'e subjects, by the use of, for exanple, clinical tests,

physi cal ex&igureald depicihen ereeatipdaxy résalts 0576 odviddxihing awesphous (lyophilization in
net hod of. assesskngif he efficacy of the treatment in a subject

i ncludes determning the pre-treatnent |evel of intestinal bacterial
over gr owt h Bjgunetbhodkpionelah dsamphary KRH2 ofr Riffsdémin, , anior plicag effopb e dbtiom):
testing, Dbiopsy, .ing of. the intestingl. bacteria, etc ) and then
adni ni FRI‘HBS MWB%@%Q‘?IT% BEET WV, g’/"é@é‘&@@ amofifePSpeut i cal |y

ef fective arpurd 29fdepictd basnhplary RO NS Bltlihe DEE TubfaRidin, AhbPhodN (fast
appropriate period of tinme (e.qg., after an initial period of

t r eat mEHEDPIFIOBAHOME I/ ni strati on of the conpound, e.g., 2 hours, 4
hours, 8 ho r her } o) rd :
over growt h ?{sg%ldee%%rdﬁﬁﬁtrgzexglggliaﬁzr#ﬁ% énfoggl (gfiltlgﬁﬁllg?, %rﬁ‘gel‘ag%%t f%lk ae?’aﬁ"éav“é)
i ndi catfeosn adefonghcy of the treatnment. The level of bacteri al

over grow h b . 1 er] adi cal | r heut. treat ment. For
exanpl e, the gcgge?iggé‘ﬁg ?}6%’?%?@\/&% %@%ﬁg%&xgkﬁcﬁe og\flefﬁl/m né\?vmﬁ%otl}?%s, PcraSh
days orprevipteson fomastss scctdewithhthare).ef fi cacy of the treatnment. A

decrease in_bacteri.al. overgrowth indi.cates t the. treatnment is

ST 11 cact ous FIEFIe UEHEN CHECLED TER ) B BieddDDG of St o maihast (crash
subj ectpsecigiationBymenehdetatd wamhégtar.ment with a rifaxi mi n pol ynorph.
In yet another aspect, a nmethod of treating a subject suffering from
or suscepti Bi@raY drisiisemalesoicsts of Siwprildae figifaringadiong to a
subject in thar t j15al f i Y- T
T axi 1 poloSr o Aabars Be hera . ek o Bt e 2B on? b Htayimin,
Upon i demaification of a subject suffering fromor susceptible to a

bowel di sor deg, . J:00c, BARPLSy: LS, 1008 AL Mo Shbaximn pol yror phs

are adminis n-one aspe e of> a¥8essing t he
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In certain enbodi nents, these pharmaceutical conpositions are
suitable for topical or oral admnistration to a subject. In other
enbodi nents, as described in detail below, the pharmaceutica

conposi ti oM8 2¢P/108780 present i nventi on may be speci al | y PCafusedoanisdozf or
adm nistration in solid or liquid form including those adapted for
the followng: (1) oral adm nistration, for exanple, drenches
(aqueous or non-aqueous sol utions or suspensions), tablets, boluses,
powders, granul es, pastes; (2) parenteral admnistration, for

exanpl e, by subcutaneous, intranuscular or intravenous injection as,
for exanpl eg; ekl L.on; )

application, re§ 3%‘ d)% a%,f}fcljé)!eﬂﬂla% rgstdﬁ%?ﬂ%’r@ﬁy l\gl? Sg%:?rgm 0%%‘?’%“881 fgm.
t he skin; (HbgurerﬁSr@pwga exaiplarprifaxithinar @etlay of/FT f[K)Bpe&HaFm:lxﬁandaﬁ fram 3730
pessary eam.or. f.0 or ( aerasol , for_ exa n ueo

aer 050|02ﬁ3p523,§2§11£55?%8%ﬁ g%foﬂ‘f EBWBdﬁ‘ér @ «r.Pé &n?ﬁ'ﬂrﬂf E" \étf:lfth’"
conpourdrm 3, Sixth - Heemp RIS veRh aFERE 8Mbipidlsl Y acceptabl e” refers to
those rifaximn | ynor phs of the_present invention, conpositions
cont ai ni ng S @’8 tin d8, exaralesy @6’%@@%&%13%9% f Rtaxingit farm o sy
scope Qfop }S%{-ﬁﬁl(ﬁquﬁﬂanﬂmr@%fﬂeﬁw bk for use in contact with the

ti ssues of human bei ngs and ani mal s vmthout excessive toxicity,
irritation, F@preenge@lcpse@pmplg@ regiits of REA gnddbi o lbrfammifmmaxdrmn
commensur at o i se
COmene ot Fightd s BofiGaRIRRED DRSS of Sxhfh O p-1, 2 BnP RefPGice
phar ma&erm ifc aﬂ”ﬂop-tacﬁwpmalﬁhmt nRifeximid Fomo Ao Setdndn Rifaxheli Edrgy B-2UThHirds

aliqudors il icnt, solyv r .
cncaps Srars Haadobs ad Fowdhr JOBbmtBrsfik, FoRt i SIS By prtieagion US
subj ect200376272¢54 Afly.om one organ, or portion of the body, to another
organ, or portiaon of the body. Each carrier is preferably

"accept abl ellgpi %9H@P§§r?§§mﬁlflrytfé$‘w@ of Spartd BISC ofi Rifaxirpia forom Br2.
i ngr edi ent SF%[lretJOQieFféfseré AL FEEh BﬁtDﬂl@bﬁRff%mt fanﬁtseﬁubl ect. Some
exanpl es of materials which can serve as pharmaceuti cal accept abl e
carriers i nBigugetl ((epjcms@gaqemplaswmmmlsmacf XBED IgaltmmsséRa“mdrrsmEomse dry,

(ot B b e e S B e AP S50 S el S
2009/ 108%IARCELISAAALDBAPZ2664 No! @604 @s by&at&wmhgsm@nd cel lul ose
acetate; (4) powdered tragacanth; (5) malt: (6) gelatin; (7) talc;

(8) excipients, such as cocoa butter and supp03|tory waxes; (9) 0|Is,
such a@m@gﬂgf) ﬁgcmqjélqnseed oil, safflower oil, sesame oil, olive

oil, corn oil and soybean oil; (10) gl ycols, such as propyl ene

gl ycol (11Emb0ﬂ1y1©nts ofsthe hnmtlgi ycietnltn the alisboteoy of mewnpdliphomhid forms of

pol Yot 55 080", GERAGESHENS o TS MR SUSRGARTEL S porm ¢

hydr ox(ml]:guraznli Qahmms)nﬂmﬂw (ﬁ‘l@l%@bﬂ@ and QJFForﬁi @-ldf},l (Glga@dsdiﬁ —(3b§,)Folrmt1 (Figures 11
rogen-fr i SO sal i nger sol ution;

(1o “orHidh SEr SO Epim PaciERCE Do GO & FBNE: B Mhd or2 ey drg Highres

non- t 0%y gné AP Mcsfihie F%%BSIF%ﬂFe@S5%)%%@1&@0@&‘?&&@3@%&1‘& al_ ¢, 10, 19 - 30,

formul ati ons. Wetting agents, "enul sifiers an bricants, such’

as sodpifn3Pamyihesgntivitis wrhﬁgn%ﬁmmrst(@aﬂ)atle thgs magifhctars ¢ inesdicingl
agents :

por funf SRR o A et or M AAE R Rem RS, IS Yl B BOGN o
i n t herddepogidmingstrstion of suchBrediphad profargsions tmeeuhjc@ahlnpechoﬁ&patmbﬂltewnh
ant|OX|q%pts include: (1) water soluble antioxidants, such as

ascor bi't f&, cyst ei ne hydrochl oride, sodium bisulfate, sodium

net abi sul f i Ri€aximis W B0 Spbilridtof tintfambein biakeof a6ildioGis. RRkitkth & a compound
ant i ox dant such afgasc rpyl palmtate, butylated hydroxyanisole

(BHA) , “b"d‘ﬁ%/ 815%*5’“??98 QG \iene (BHT), lecithin, propyl gallate,
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The tablets, and other solid dosage forns of the pharnmaceuti cal
conposi tions described herein, such as dragees, capsules, pills and
granul es, nmay optionally be scored or prepared with coatings and
shel |'s, s 2009/18§78®ri c coati ngs and ot her coatings welHCTKISe#08/03319% he
pharmaceutical -fornulating art. They may al so be fornulated so as to
provide slow or controlled release of the active ingredient therein
usi ng, for exanple, hydroxypropyl nethyl cellul ose in varying
proportions to provide the desired rel ease profile, other polyner
matrices, |iposonmes and/ or mcrospheres. They nmay be sterilized by,
for exanple, filtration through a bacteria-retaining filter, or by

i ncorporating sterilizing ageat |n(ﬂQe formof sterile SO|Id
conpositions which can be dlsso vedg n sterile water, or some other
sterile injectable medigy before use. These conposi tions
may al so optionglly contdi s W= s. and may be of a
conposi tion that the rele dient(s) only, or
preferentlaJI% n por i on ofgthe dastrointestinal tract,
optional ly, "n a delay » kgddi ng conposi tions
whi ch can be used incl ufecpgl meri c [subst apces and® waxes. The active

i ngredi ent can algp be o-encgpsul atgd form if appropriate,
with one or mgg e , asef | bagd €Xcl pi ent s. Li qui d
dosage forns tor oraI i{ni ion off the rifaximn polynorph(s)

i ncl ude pharnaceutloglly-. [ | si ons, m croenul sions,

sol utions, suspensi/f ' In addition to the active
|ngred|ent the |i§ ({n inert diluents
comonly used in th wat er or ot her

sol vents, solubilizPRg ay , /such as ethyl al cohol,
isopropyl al cohol , ethyl=carboRate, ethyN_ aceyate, benzyl al cohol,
benzyl benzoate, propylené€ glycol, 1,3-butyle glycol, oils (in
particul ar, cottonseed, groundnut, corn, germ ®©Hjyg, castor and
sesane oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols

and fatfiyeaci guﬁ%{ag?M ggmg%ﬂhﬁﬁg Fo?ﬂng m xtures thereof. In
addition to inert | uent's e ora conp05|t|ons can include
adj yvants suctr as thbRUr@EETS, enptsifying—and-—sus 1o ,

swedt eni ng, flavoripng, cqgtoring,Eperfun ngand preservatrve agents]

Suspensi ongyml n add| singe tonhe (@rtei v (‘-Sac}"i“T (fr;? N pel Viroewah§s) ey | 94w
contjai n suspendi ng pgesls as, 1 owstdxja m1 Ief oKy RHt dRHSoRHedr ®H | RH

al cadhol s, pol yoxyethyl eng sor hl t ol anri an Ltanl WD

2009/&@8'3@8@%&&&52009/035192 est ers|, @m@ricnystaljineppeIIMICSﬁg B

al umrumretahydrox-de—Hentonit e—algar g tradacanth,4nd
m Xt|upgs théﬁe@ﬁd 3 Rharmageyki cal composit|ons flor, rq&% 9 B
vagi|nal eanHW@WPat on ngy be presented as|a suppositlory,| whi ¢h 'may

be prg X1 g one og nore_rlﬁqg m nh pol ynmor pA(sy) [w thione or
nor g _sui t e noﬁlrrltatlnq exti pi ents”Of ¢arrikrs cdnfrilsi hg,| for

exanpl e cocoa butter, palyethylene glycol| a sppposiftory wax [or a
sal i|dAGt|e, MEABSGhi ch i s |sofi d]at™ro oom tenperat bre, Hut 1ii quid at

body—temgerature—ang,—therefore,—wH—rett+a—ther+reegtumor—vagthal
cavi|tedrarnd(eehpinse [ he adqtive agent. - Conmppsitidns ichlare
sui tfable-Her—vagi-nal—admhi-st+ationfal so i pclud lgs., tanpons

credns, delisempasd s, fogns or |spray| fgeiulati ops contairfi ng duch
carrie?s as gha&) knopwn in|thé art to beyappyopripte. ) DosadeV
transdermall admnistralion d

f or s—for—the fnpir\ f alrifaXximn
polynoﬁpk(smwmmakpd powder s, sprays|, o4 ntpents|, past|es, [creans,. -
| ot ifoAs—gets—sotd+ons;—patehes—and—inhalants—Fheactive—rifaxi-H-n
polynorpggl%(FFy be| m xed undef sterfile conditipns wiith g | )
pharfmaceut | y-acgceptabl e carrier,| and wth any pragseryatives,
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In sone cases, to prolong the effect of a drug, it is desirable to
alter the absorption of the drug.. This may be acconplished by the
use of a liquid suspension of crystalline, salt oranorphous materi al
havi ng podYOaMP¥87¥o| ubility. The rate of absorption oPCTHE2089/03§1%ay
then depend on its rate of dissolution which, in turn, may depend on
crystal size and crystalline form Alternatively, delayed absorption
of a drug formis acconplished by dissolving or suspending the drug
in an oil vehicle. I nj ectabl e depot fornms are made by form ng
m croencapsul e matrices of rifaximn polynorph(s) in biodegradable
pol ymers such as pol yl acti de-pol ygl ycol i de. Depending on the ratio of
drug tQ pol Wl wadaEmhRey Dol Wi B b PR bsGhthed basdd O YEBTeigRTRY @Y hecitic
t he rate of sagpleigaly-el @a@enicadh kHige nﬁmﬁgleodrﬂste tructﬁxalﬂf[‘llef;“jat@ﬁs pibehEf layers, variable
bi odeg adabi‘f@ f ﬁﬁtew o5t f@ﬁltllfi‘%ﬁ ‘efalﬁ?jlbymDpaﬁems

01y aBiy dr PR PP il TGl sgg@%gma e
ent rappi ng tmm@rewgsmd’bdhtu@oﬁones or m croenul si ons are

conpat kbl e Wistsimph odhgxpbsedesTae R at 40°CforVWhen t he ri faxi mi n pol ynor ph(s)
are adm ni stered as pharmaceuticals, to humans and aninmals, they can

be given pe g td « ] atal.nn,n [
exanpl o 0. 3 B3y, nRiAh RERE, Bl SRR 2 oo 5 and
i ngr edi“nfakmmn (¢ anbugedtintorhavgedbla tcp Uatuﬁmﬂetﬁoly&ﬁﬁrbhde doreepf dfakinia as finther
Regar dI ess oc{ ht he ro#lﬁe of dm ni stration, sel.ected, ({]he ri fax;ﬁff

pol ymoiPREESS heminchy RIS e8P% OF HOPPD PG oy LArEEF™. hipatial

t he ph@éaﬁﬁﬁglﬂaloei@iettﬁjmghgdréﬁw a8l 2) heFopies esthprisBy entxLiaP podder diffraction
formul ated 1 nto pharmaceutical |l y-accept abl e dosage forns by mnet hods

known PHLIhELE RIPILIGR§ ph abppt 4. &dayplet), 7. 5 (doublet}, gad ¥ doiearses p@v@T at abaut 4.7
tine cosRe) 0f7 33811‘?8 BhSfebAkd Qre %P a% MuRele (Yi@ul&l&‘;lrae@' a@%tﬁ) 9 @eagfr&g 2-0; or at

phar maceut'| cal n£05| tions varied so a$ to n anmou
of t heabotidve Slﬁngn I|561¢Efe@m219h01 @ ﬂérbflteHH (teplen, Exhi(@umdet),rrad dés) Gdeulblet)

t her apﬁ# s‘%sr aﬁsd?%%l%uft‘?%ui‘o Eae[ntd'ﬁtﬁ by %'tgjd%{&esf e hﬁo' P93, 1 ﬁgp&%?e‘?)

of adm ion, wtho eing to ary
dose r &ng.6i c&gffeES)Mder 4t ab@ M@ (doulpe), 708Y.6 (d¥¥dlet), 9.5 and 10.5 degrees 2-0; or at

B S RBH B 5ol BE AR oohi0 5 VB sl AR £l oL

tol er abgd W.2 ttwableﬂjei\éﬁe&m Bgor&eaudaus 73&&@1@ B@Cé 8, 7 Pred efoablky, 8., fs% 9.5,

rlfaX|mn£ esent 1 nve m ni st ered at

concent P-4t etbfmas@d&tz @o%}etﬁ ol la%éfi?tubizﬁo 1%% (ﬁ’é?k)kﬂ b gAHRcDs 1%8&9011'3160,
wei ght 43 Qfe@wm PdeprRboW FHOQ (THAKEE QEntBRAULG é@arﬁ@erweﬁi@gUfl &Om&%/df

body wei ght. Rangées internediaté to the above-recited ues are
i nt endearametetseand@r pne or more of the poalsion avintsnn theeargpy. t r eat ment, both the

conpounds e% hpédsherélx e‘[} f%)gglmapgrﬁ% Hg’ %torrﬁr AL L(l)gyr?(g'ﬁa (’S)Fo%‘len of rifaximin”

adm ni ster t 0 manme

conven b.mcb tiafaxingih hpdse u'EétE irerelntngeaviyy i delaiﬂemh‘el pﬂjﬁh@@hﬂc nfoﬁn sifnifhemin as
forms. Effective a

dosage m,or .in,.se at e dosa ts e

ot her - FHIPABBHIIE 1EGERPE o SOialt U OVROTe S RGL &Y S § HRreror e ane 3
HOWeVehad rethioBls WE kilakitds LsRE fdre  Bdin h%m?ﬁtséss;@fhyspomﬂ'él\/ tERadien FRIEh Pene
t he ot her .therapeutic _agent's optinal fective-anount range I n one

enmbodi Aesiions &t apué A-1ahdt 173 H@%ﬁ;ﬁé’u@ﬂ% 6elgdr ank 7.4 dagraessd-Br 1.9 -hand
ani mel g ot e Rf Hachl ¥q, 2ADMN 10 dEé]‘@ebCPgnﬁ;H‘g PE HBIsR JdNVRIbLPR, 65 75,

| ess than i'ts effective anount iIn case ot hér thera eutlc agent
not adamd?.8degrees. 2- ﬁ,mrérﬁoﬁﬂeﬁn@ﬁﬁddgmﬁe arihes, 6f1f et 7.9 degresing, cme 3 Iﬁel

compouhlt 57 CRREN R0Een a1 T b e s Thbesd % P or e

undesi F]Gd? S) 1@, &8,laad 13.7 dsgrocd 76 &ﬁl 58, 61, B gh5,00%8 88, 8.7 eegloey 2-agRst3, BHY

e 7Sk s S B Bl A0 3957 s ROl oA 285 24k 7



WO 2009/ 108730PCT/ US2009/ 035192 EXAMPLES Materials Ri faximn was
stored in a dessicator at anbient tenperature. Characterization of

For ns Sonme of the hydrated, salt and anorphous forns of

rifaxi m n,Woapad/1837a¢ act eri zed by one or nore of XRPD, {PGFrUs2#09/035192
anal ysis, FT-IR, FT-Raman, "C NVR Dried material s obtained by vacuum
drying or heating the hydrates were | abeled "dry". These materials
exhi bited XRPD patterns that were shifted or contained one or two
addi tional snall peaks when conpared to the undried material. Form?7
Form 7 is a hygroscopic crystalline nesophase. Thi s form denonstrates
1.2 - 9 4 . t xi mat el

203 C (TanreeAy i 1P Seagits 23R 300 RE ol et oy PRBARY SRR i of
et hano Wt earamitetsiand/or o&)dmrdﬁenéﬁ]e pedisar peidisliy therragfes.cool i ng an

et hanol / wat a5), solution in, |ce, ba d i, dryl ng. f.or .45
oo ot s b i) it Pt [ Al BRl e 5 oy o pibutinin i
anal ysi-siftgenmnstarated ﬁeﬂohan%ﬁﬁbl%t@%ﬂ&ﬁé ﬁi&tpdlﬁﬁc&pm@ 6985 BORBIxMintR frther
broad endothermat 89 Cint SC curve. A m nor endotherm observed

in bot Kescaiked Bereindyy, Sayexemple, ang ¢ Boredsakolanveray, diffsciogtane NMdRathsenal
t a0 '
39 R Qf"rf]egiﬁf{tég%a.biwgbﬁg;%%ﬁgﬁ?@@ég?%.3%353?69%&9‘&%?5%{“‘ A S Jorm
RH. ThiFormeicgimpriges k-1ypo dlf@@@tmmﬁ#ema@ek pOSImnStd@SLSﬁa@d?hbovto ﬁgrm ey
| at
gipgsgg)%tlg&?g?%t%?{% gﬁ gét'g%ﬂ?fbgs om % f&eﬁeﬁ/a r?ﬁ?t@?is\(/:\%%g °§e 8'1'%’“? af the

r emai nedaksnce painggad tHeyrandd®D anal ysis after dry| ng under vacuum at

anbi ent t enper at re for, ne daéq)?hei:r ds ar e di, sclosed infr .
for exanple |1ﬁe Bre’lrhblr LI YF 1o F Jioymgslgie,y ~polymorph, pgsyfats,

(0 is astmyﬁie@ghbteraermm@a@ “¢iFeix @i ndsylatePhige ﬁﬁaqmb@harvg@mg%laé@&@dw
by slurri/l ng Forma dry .in ethanol/water (1/0.45 at Cand 1/1

anmbi entPolyarsRly “If@ﬁlmtw faihes de@rlh%hqygm bRef@b%m@éP o0t p@@ome@ks of
al | oned,t,0. |difﬁq5 5 u [

2000/ 168 735p 853 B %%Sgﬁsf or %?? pd d;g,;;}g 0?8%?{%%59% §“O hgsylpte Form
f or med cbypyses XitAY) p@@danddfnactdmmasmak ﬁ@%(ﬂh'ldéwrlb‘td‘ﬁbeee dMysylateJFhen may

et NO0S 6 P SR AER o o HRIBLE el b F AR AR PRl b

(Fi gur @eds.or phiatsdn telraggswer e removed and stressed under various RH
condi tions. ,XRPD naI sis.after_three days sh, vved conversgon to . Form
y under 43‘VAI5’2H“SC?{—' Lé “rfeEmip pim amomhgusys o ey hewpm ¢ S}Exmm

-1(0)  undeshold%rRbbedtiiRHUindecabinte Bntes thi AfhoySud fdfﬁih )Sft1!1ixld1fﬁtf6ﬂ11édpf?d}n
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WO 2009/ 108730PCT/ US2009/ 035192 Cyclic DSC was perfornmed to dry the
sanpl e and determ ne the Tg, however the glass transition tenperature
was not apparent fromthe data. Modul ated differential scanning
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1120 1: 1 lyophilization orange solids, not birefringent anorphous, 2
hal os ethyl acetate P C w heptane bright orange, norphol ogy unknown,
not birefringent anorphous, 2 halos Table 3: Characterization of

Ri f axi m n,Wo2ebRyaE Sanpl es Techni queAnal ysi s/ Resul t XRPDsyeepitaees,

2 hal os WD 2009/ 108730PCT/ 1JS2009/ 035192 cycling DSC no T, observed

flow properties of each polymorphic form. Polymorphic forms of a compound can be
distinguished in a laboratory by X-ray diffraction spectroscopy and by other methods such as,
infrared spectrometry. For a general review of polymorphs and the pharmaceutical applications
of polymorphs see G. M. Wall, Pharm Manuf. 3, 33 (1986); J. K. Haleblian and W. McCrone, J
Pharm. Sci., 58, 911 (1969); and J. K. Haleblian, J. Pharm. Sci., 64, 1269 (1975), all of which are
incorporated herein by reference.

As used herein, “subject” includes organisms which are capable of suffering from a
bowel disorder or other disorder treatable by rifaximin or who could otherwise benefit from the
administration of a rifaximin as described herein, such as human and non-human animals.
Preferred human animals include human subjects. The term “non-human animals” of the
invention includes all vertebrates, e.g., mammals, e.g., rodents, e.g., mice, and non-mammals,
such as non-human primates, e.g., sheep, dog, cow, chickens, amphibians, reptiles, etc.
Susceptible to a bowel disorder is meant to include subjects at risk of developing a bowel
disorder infection, ie., subjects suffering from immune suppression, subjects that have been
exposed to other subjects with a bacterial infection, physicians, nurses, subjects traveling to
remote areas known to harbor bacteria that causes travelers’ diarrhea, etc.

The language “a prophylactically cffective amount” of a compound refers to an amount
of a compound of the invention of formula (1) or otherwise described herein which is effective,
upon single or multiple dose administration to the subject, in preventing or treating a bacterial
infection.

The language “therapeutically effective amount” of a compound of the invention refers to
an amount of an agent which is effective, upon single or multiple dose administration to the
subject to provide a therapeutic benefit to the subject. In one embodiment, the therapeutic
benefit is inhibiting a virus, or in prolonging the survivability of a subject with such a viral
infection. In another embodiment, the therapeutic benefit is inhibiting a bacterial infection or
prolonging the survival of a subject with such a bacterial infection beyond that expected in the
absence of such treatment.

Rifaximin exerts a broad antibacterial activity in the gastrointestinal tract against

localized gastrointestinal bacteria that cause infectious diarrhea, including anaerobic strains. It
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TG 5.39% from 25 -200 C DVS' 0. 100% wei ght | oss at 5% RH 8. 364%
eight gain from5 - 95% RH 10. 989% wei ght | oss from 95 - 5% RH XRPD
no peaks, possibly anorphous XRPD anorphous, 2 hal os DSC a broad endo
79, broad vemadw2@socycling DSC no T, observed nodul at @4TDSD09/035192TQg
observed; broad endo 74 TG 6.47% from 25 -200 C DVSd 1. 606% wei ght

| oss at 5% RH 7.843% wei ght gain from5 - 95% RH 9.172% wei ght | oss
from95 - 5% RH XRPD no peaks, possibly anorphous

has been reported that rifaximin 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)).

In respect to possible adverse events coupled to the therapeutic use of rifaximin, the
induction of bacterial resistance to the antibiotics is of particular relevance.

From this point of view, any differences found in the systemic absorption of {, n or
amorphous forms of rifaximin may be significant, because at sub-inhibitory concentration of
rifaximin, such as in the range from 0.1 to 1 pg/ml, selection of resistant mutants has been
demonstrated to be possible (Marchese A. et al. In vitro activity of rifaximin, metronidazole and
vancomycin against clostridium difficile and the rate of selection of spontaneously resistant
mutants against representative anaerobic and aerobic bacteria, including ammonia-producing
species. Chemotherapy, 46(4), 253-266,(2000)).

Polymorphs of rifaximin have been found to have differing in vivo bioavailability
properties. Thus, the polymorphs disclosed herein would be useful in the preparation of
pharmaceuticals with different characteristics for the treatment of infections. This would allow
generation of rifaximin preparations that have significantly different levels of adsorption with
Cmax values from about 0.0 ng/ml to 5.0 ug/ml. This leads to preparation of rifaximin
compositions that are from negligibly to significantly adsorbed by subjects undergoing treatment.
One embodiment of the invention is modulating the therapeutic action of rifaximin by selecting
the proper polymorphic form, or mixture of forms, for treatment of a patient. For example, in
the case of invasive bacteria, the most bioavailable polymorphic form can be selected from those
disclosed herein, whereas in case of non-invasive pathogens less adsorbed forms of rifaximin
can be selected, since they may be safer for the subject undergoing treatment,

The above-mentioned ¢, 0, 1, a-dry, -1, B-2, &-dry, mesylate or amorphous forms can be
advantageously used as pure and homogencous products in the manufacture of medicinal
preparations containing rifaximin.

Some features of polymorph Form { include, for example:

Form £ was observed by XRPD analysis of solids in solution (Figures 1 and 2). These solids

were removed and stressed under various relative humidity (RH) conditions. XRPD analysis
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XRPD anor phous, 2 halos cycling DSC no T, observed TGbh 4.52% from 25
-200 C XRPD anor phous a. endo = endotherm tenperatures (C)
reported are transition nmaxi ma. Tenperatures are rounded to the

near est deyPaens/108530 wei ght |l oss (% at a certain tenperairirseqomasight
changes (% are rounded to 2 decinmal places; tenperatures are rounded
to the nearest degree. <c. See 3436-54 for calculations. d. See
3436-55 for calculations. Table 4: Stressing of R faximn, Anorphous
Material s Sol vent Conditions Qbservations XRPD Result DCM VD w | PE,
11 days red, glassy solid, not birefringent

after three days showed conversion to Form y under 43% RH; Form vy -1({) under 58 and 75%
RH, and Form B+ y -1({) under 94% RH, though form conversion was likely initiated upon
removal of the solids from solution.

Some features of polymorph Form 1 include, for example:

Form 7 was generated by drying Form { under vacuum for one day (Figure 3). The material of
Form ( (after formation) remained unchanged when dried under vacuum at 40 °C for one day.

Some features of a rifaximin amorphous forms include, for example:

Amorphous rifaximin (Figures 4 — 6) was prepared by milling Form y or Formy + 1 at
ambient temperature. Amorphous rifaximin was physically stable under various relative
humidities and exhibited a high glass transition temperature onset of 199 °C.

For XRPD analysis, accuracy and precision associated with third party measurements on
independently prepared samples on different instruments may lead to variability which is greater
than £0.1° 2@. For d-space listings, the wavelength used to calculate d-spacings was 1.541874
A, a weighted average of the Cu-Kal and Cu-Ko2 wavelengths. Variability associated with d-
spacing estimates was calculated from the USP recommendation, at each d-spacing, and
provided in the respective data tables and peak lists.

Thermogravimetry (TG) analysis of amorphous rifaximin demonstrated a 1.5% weight
loss to 100 °C, accompanied by a broad endotherm at 78 °C in the DSC trace, indicating the
material contained residual solvent. A minor endotherm at 203 °C was also observed in the DSC
trace. Cyclic DSC was performed to dry the sample and determine the T, however the glass
transition temperature was not apparent from the data. Modulated differential scanning
calorimetry showed the glass transition (7,) temperature onset to be approximately 199 °C
(Figure 5). Amorphous rifaximin was hygroscopic gaining 11.6% weight under 95% RH. The
gained weight was lost during the desorption cycle. The post moisture balance XRPD pattern
was amorphous.

The behavior of amorphous rifaximin under various relative humidities was also
investigated. Amorphous material was stored under 43% RH for 5 days, 58% RH for 8 days and
75% RH for 2 days. The material remained amorphous by XRPD analysis.
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anor phous toluene VS, RT, 6 days red, spherulites of needles,
bi refringent anorphous water VS, RT, 15 days orange, aggregates and
nmor phol ogy unknown, not birefrirnment; dark read, agglonerate (very

ano om0 pqoopes730 al |y birefringent anmorphous MEK VDPGR/USERIE/ 035192

days red, oily droplets in glassy solid, not birefringent anorphous

Amorphous rifaximin may also be obtained by spray-drying, fluid bed and ball mill

crushing as further described below.

Methods of Treatment

Provided herein are methods of treating, preventing, or alleviating bowel related disorders
comprising administering to a subject in need thereof an effective amount of one or more of a
Form {, Form 1, Form a-dry, Form 1, Form -1, Form -2, Form &-dry, mesylate Form or
amorphous forms polymorph of rifaximin. Bowel related disorders include one or more of
irritable bowel syndrome, diarrhea, microbe associated diarrhea, Clostridium difficile associated
diarrhea, travelers’ diarrhea, small intestinal bacterial overgrowth, Crohn’s disease, chronic
pancreatitis, pancreatic insufficiency, enteritis, colitis, hepatic encephalopathy, or pouchitis.

The length of treatment for a particular bowel disorder will depend in part on the
disorder. For example, travelers’ diarrhea may only require treatment duration of 12 to about 72
hours, while Crohn’s disease may require treatment durations from about 2 days to 3 months.
Dosages of rifaximin will also vary depending on the discases state. Proper dosage ranges are
provided herein infra,

Provided herein are methods of treating or preventing a pathology in a subject suspected
of being exposed to a biological warfare agent.

The identification of those subjects who are in need of prophylactic treatment for bowel
disorder is well within the ability and knowledge of one skilled in the art. Certain of the methods
for identification of subjects which arc at risk of developing a bowel disorder which can be
treated by the subject method are appreciated in the medical arts, such as family history, travel
history and expected travel plans, the presence of risk factors associated with the development of
that disease state in the subject. A clinician skilled in the art can readily identify such candidate
subjects, by the use of, for example, clinical tests, physical examination and
medical/family/travel history.

A method of assessing the efficacy of the treatment in a subject includes determining the
pre-treatment level of intestinal bacterial overgrowth by methods well known in the art (e.g.,

hydrogen breath testing, biopsy, sampling of the intestinal bacteria, etc.) and then administering
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a. Sanple was anal yzed by both fnel and Bruker XRPD to confirm
result. WD 2009/ 108730PCT/ US2009/ 035192 Table 5: MII1'ng Experinments
for R faximn, Anorphous Materials Anmorphous Sanpl e Source Conditions
Cbser vat i OoMQ 2000378 ksul t | yophili zati on from p-di oxane PCRAIS2105/03519210
mn. at 30 Hz, scraped sides, 10 min. at 30 Hz bright orange,

nor phol ogy unknown, not birefringent anorphous CP from EtOAc with
heptane 10 mn. at 30 Hz, scraped sides, 10 mn. at 30 Hz bright

or ange,

a therapeutically effective amount of a rifaximin polymorph to the subject. After an appropriate
period of time (e.g., after an initial period of treatment) from the administration of the
compound, e.g., 2 hours, 4 hours, 8 hours, 12 hours, or 72 hours, the level of bacterial
overgrowth is determined again. The modulation of the bacterial level indicates efficacy of the
treatment. The level of bacterial overgrowth may be determined periodically throughout
treatment. For example, the bacterial overgrowth may be checked every few hours, days or
weeks to assess the further efficacy of the treatment. A decrease in bacterial overgrowth
indicates that the treatment is efficacious. The method described may be used to screen or select
subjects that may benefit from treatment with a rifaximin polymorph.

In yet another aspect, a method of treating a subject suffering from or susceptible to a
bowel disorder comprises administering to a subject in need thereof a therapeutically effective
amount of a rifaximin polymorph described herein, to thereby treat the subject. Upon
identification of a subject suffering from or susceptible to a bowel disorder, for example, IBS,
one or more rifaximin polymorphs are administered.

In one aspect, methods of assessing the efficacy of treatment with a rifaximin polymorph
in a subject comprise determining the pre-treatment level of bacterial overgrowth, administering
a therapcutically effective amount of a rifaximin polymorph to the subject, and determining the
bacterial overgrowth after an initial period of treatment with a rifaximin polymorph, wherein the
modulation of the bacterial overgrowth indicates efficacy of an anti- bacterial treatment.

Efficacy of a treatment may be measured for example, as reduction of bacterial
overgrowth. Efficacy may also be measured in terms of a reduction of symptoms associated with
the bowel disorder, a stabilization of symptoms, or a cessation of symptoms associated with a
bowel disorder, for example, a reduction of nausca, bloating, diarrhea, and the like.

In one aspect, methods of monitoring the progress of a subject being treated with a
rifaximin polymorph comprise determining the pre-treatment level of bacterial overgrowth,
administering a therapeutically effective amount of a rifaximin polymorph to the subject, and
determining the bacterial overgrowth after an initial period of treatment with a rifaximin
polymorph, wherein the modulation of the bacterial overgrowth indicates efficacy of an anti-

bacterial treatment.
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nor phol ogy unknown, not birefringent anorphous Table 6:
Characterization of Rifaximn Forme dry Analysis a Conditions
Results XRPD I nel Form & dry DSC Met hod B (25-350-10) crinped pan
endot her mwegjnotrsmad) 93 C endotherm (minor) 219 C T@&TNSRdeodsse2
(00-350-10) 1.8%from20C to 100C a. XRPD = X-ray powder diffraction;
DSC = differential scanning calonnetry; TGA = thernogrammetric

anal ysis. Table 7: Characterization of R faximn Anorphous Anal ysis a
Conditions Results

Pharmaceutical Preparations

Embodiments also provide pharmaceutical compositions, comprising an effective amount
of a rifaximin polymorph (e.g., Form {, Form n, Form a-dry, Form 1, Form -1, Form B-2, Form
g-dry, mesylate Form or amorphous forms ) described herein and a pharmaceutically acceptable
carrier. In a further embodiment, the effective amount is effective to treat a bacterial infection,
e.g., small intestinal bacterial overgrowth, Crohn’s disease, hepatic encephalopathy, antibiotic
associated colitis, and/or diverticular discase.

For examples of the use of rifaximin to treat Travelers’ diarrhea, see Infante RM,
Ericsson CD, Zhi-Dong J, Ke S, Steffen R, Riopel L, Sack DA, DuPont, HL. Enteroaggregative
Escherichia coli Diarthea in Travelers: Response to Rifaximin Therapy. Clinical
Gastroenterology and Hepatology. 2004;2:135-138; and Steffen R, M.D., Sack DA, M.D.,,
Riopel L, Ph.D., Zhi-Dong J, Ph.D., Sturchler M, M.D., Ericsson CD, M.D., Lowe B, M.Phil.,
Waiyaki P, Ph.D., White M, Ph.D., DuPont HL, M.D. Therapy of Travelers’ Diarrhea With
Rifaximin on Various Continents. The American Journal of Gastroenterology. May 2003,
Volume 98, Number 5, all of which are incorporated herein by reference in their entirety.

Embodiments also provide pharmaceutical compositions comprising onec or more of a
Form {, Form 1, Form ¢-dry, Form 1, Form -1, Form B-2, Form &-dry, mesylate Form or
amorphous forms of rifaximin and a pharmaceutically acceptable carrier. That is, formulations
may contain only one polymorph or may contain a mixture of more than one polymorph.
Mixtures may be selected, for example on the basis of desired amounts of systemic adsorption,
dissolution profile, desired [ocation in the digestive tract to be treated, and the like.
Embodiments of the pharmaceutical composition further comprise cxcipients, for example, one
or more of a diluting agent, binding agent, lubricating agent, disintegrating agent, coloring
agent, flavoring agent or sweetening agent. One composition may be formulated for selected
coated and uncoated tablets, hard and soft gelatin capsules, sugar-coated pills, lozenges, wafer
sheets, pellets and powders in sealed packet. For example, compositions may be formulated

for topical use, for example, ointments, pomades, creams, gels and lotions.
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XRPD 1 nel anorphous DSC Met hod A (25-250-10) crinped pan endot herm
(maj or broad) 78 C endotherrn (mnor) 203 C DSC Cyclic DSC G ass

transition not determned MDSC Tg (glass transition) 199 C TGA

Met hod A (W02@B00870) 1.5% from 21C to 100 C MB 0.7 % BCTIiss®905sae

equilibration at 5% RH 11.6%w gain from5 to 95% RH 11. 3% wt
from95 to 5% RH ntbk ref. 2329-50 Post-MB XRPD

In an embodiment, the rifaximin polymorph is administered to the subject

pharmaceutically-acceptable formulation, e.g., a pharmaceutically-acceptable formulation that

provides sustained delivery of the rifaximin polymorph to a subject for at least 12 hours, 24

hours, 36 hours, 48 hours, one week, two weeks, three weeks, or four weeks
pharmaceutically-acceptable formulation is administered to the subject.
In certain embodiments, these pharmaceutical compositions are suitable for topic

administration to a subject. In other embodiments, as described in detail be

pharmaceutical compositions of the present invention may be specially formulated for
(1) oral

ensions),

administration in solid or liquid form, including those adapted for the following:

administration, for example, drenches (aqueous or non-aqueous solutions or susp

tablets, boluses, powders, granules, pastes; (2) parenteral administration, for example, by
subcutaneous, intramuscular or intravenous injection as, for example, a sterile solution or
suspension; (3) topical application, for example, as a cream, ointment or spray applied to the
skin; (4) intravaginally or intrarectally, for example, as a pessary, cream or foam; or (5) aerosol,

for example, as an aqueous aerosol, liposomal preparation or solid particles containing the

compound.

The phrase “pharmaceutically acceptable” refers to those rifaximin polymorphs of the
present invention, compositions containing such compounds, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues of human

beings and animals without excessive toxicity, irritation, allergic response, or other problem or

complication, commensurate with a reasonable benefit/risk ratio.

The phrase “pharmaceutically-acceptable carrier” includes pharmaceutically-acceptable
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting the subject chemical from one organ,
or portion of the body, to another organ, or portion of the body. Each carrier is preferably
“acceptable” in the sense of being compatible with the other ingredients of the formulation and
not injurious to the subject. Some examples of materials which can serve as pharmaceutically-
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as

corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl
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| nel amor phous FT-1R 100%AP1, 256 scans confornms to structure

FT- Raman 100%AP1, 256 scans confornms to structure a. XRPD = X-ray
powder diffraction; DSC = differential scanning calorinetry; TGA =

t her rogr awaeaeenvires7amal ysi s; MB = autonated noi sture PCT/US2009/035192
sorption/desorption; FT-1R = Fourier transforminfrared spectroscopy;
11-1-NMR = solutions proton nucl ear magneti c spectroscopy; 13C ssNWVR
= carbon-13 solid state nucl ear magnetic spectroscopy. WO

2009/ 108730PCT/ US2009/ 035192 Tabl e 8: Post - Mi sture

Sor ption/ Desorption Analysis Initial FormFinal Forma dry a dry

Rt TR W N TR AR e R T

desor ptalan(8h eeeph) flich tag cboaRbttter atid Sugpositir MagesIN9)Soid] s@dhdas peanut oil,

%%gg%%%gnggéd o[ﬁ?tsa ﬂfox%r oi ,fsgs)e(ulngnm , oFl?\Iergil}gc;nll oillfi(rjlcrl gc]Jy %énloi?;_(%()l g?yc(o'l%), such as
propylene glycol; (11} polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other
non-toxic compatible substances employed in pharmaceutical formulations.

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, release agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the compositions.

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate,
alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric acid,
cthylencdiamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Compositions containing a rifaximin forms disclosed herein include those suitable for
oral, nasal, topical (including buccal and sublingual), rectal, vaginal, acrosol and/or parenteral
administration. The compositions may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of administration. The amount of
active ingredient which can be combined with a carrier material to produce a single dosage form
will generally be that amount of the compound which produces a therapeutic effect. Generally,
out of one hundred %, this amount will range from about 1 % to about ninety-nine % of active
ingredient, preferably from about 5 % to about 70 %, most preferably from about 10 % to about
30 %.
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Methods of preparing these compositions include the step of bringing into association a
rifaximin polymorph(s) with the carrier and, optionally, one or more accessory ingredients. In
general, the formulations are prepared by uniformly and intimately bringing into association a
rifaximin polymorph with liquid carriers, or finely divided solid carriers, or both, and then, if
necessary, shaping the product.

Compositions suitable for oral administration may be in the form of capsules, cachets,
pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth),
powders, granules, or as a solution or a suspension in an aqueous or non-aqueous liquid, or as an
oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using an inert
base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the like,
each containing a predetermined amount of a rifaximin polymorph(s) as an active ingredient. A
compound may also be administered as a bolus, electuary or paste.

The Form {, Form 1, Form o-dry, Form 1, Form B-1, Form B-2, Form &-dry, mesylate
Form or amorphous forms 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 Form ¢, Form 1, Form ¢-dry, Form 1,
Form (-1, Form -2, Form e-dry, mesylate Form or amorphous forms together with the usual
excipients, for example diluting agents such as mannitol, lactose and sorbitol; binding agents
such as starches, 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 starches,
celluloses, alginates, gums and reticulated polymers; colouring, flavouring and sweetening
agents.

Embodiments of the invention include solid preparations administrable by the oral route,
for instance coated and uncoated tablets, of soft and hard gelatin capsules, sugar-coated pills,
lozenges, wafer sheets, pellets and powders in sealed packets or other containers.

Medicinal preparations for topical use can contain rifaximin Form {, Form n, Form a-dry,
Form 1, Form (-1, Form B-2, Form &-dry, mesylate Form or amorphous forms together with

usual excipients, such as white petrolatum, white wax, lanoline and derivatives thereof, stearylic
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alcohol, propylene glycol, sodium lauryl sulfate, cthers of fatty polyoxyethylene alcohols, esters
of fatty polyoxyethylene acids, sorbitan monostearate, glyceryl monostearate, propylene glycol
monostearate, polyethylene glycols, methylcellulose, hydroxymethyl propylcellulose, sodium
carboxymethyicellulose, colloidal aluminium and magnesium silicate, sodium alginate.

Embodiments of the invention relate to all of the topical preparations, for instance
ointments, pomades, creams, gels and lotions.

In solid dosage forms of rifaximin for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the active ingredient is typically mixed with one or more
pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or any
of the following: (1) fillers or extenders, such as starches, lactose, sucrose, glucose, mannitol,
and/or silicic acid; (2) binders, such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating
agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate; (5) solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds, (7) wetting agents, such as, for
example, acetyl alcohol and glycerol monostearate; (8) absorbents, such as kaolin and bentonite
clay; (9) lubricants, such as taic, calcium stearate, magnesium stcarate, solid polyethylenc
glycols, sodium lauryl sulfate, and mixtures thereof; and (10) colouring agents. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering agents.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular weight
polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with onc or more accessory
ingredients. Compressed tablets may be prepared using binder (for example, gelatin or
hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant (for example,
sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of the

powdered active ingredient moistened with an inert liquid diluent.
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The tablets, and other solid dosage forms of the pharmaceutical compositions described
herein, such as dragees, capsules, pills and granules, may optionally be scored or prepared with
coatings and shells, such as enteric coatings and other coatings well known in the
pharmaceutical-formulating art. They may also be formulated so as to provide slow or controlled
release of the active ingredient therein using, for example, hydroxypropylmethyl cellulose in
varying proportions to provide the desired release profile, other polymer matrices, liposomes
and/or microspheres. They may be sterilized by, for example, filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions
which can be dissolved in sterile water, or some other sterile injectable medium immediately
before use. These compositions may also optionally contain opacifying agents and may be of a
composition that they release the active ingredient(s) only, or preferentially, in a certain portion
of the gastrointestinal tract, optionally, in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes. The active ingredient
can also be in micro-encapsulated form, if appropriate, with one or more of the above-described
excipients.

Liquid dosage forms for oral administration of the rifaximin polymorph(s) include
pharmaceutically-acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active ingredient, the liquid dosage forms may contain inert diluents
commonly used in the art, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

In addition to inert diluents, the oral compositions can include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming and
preservative agents.

Suspensions, in addition to the active rifaximin polymorph(s) may contain suspending

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
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esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

Pharmaceutical compositions for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing one or more rifaximin polymorph(s) with one or
more suitable nonirritating excipients or carriers comprising, for example, cocoa butter,
polyethylene glycol, a suppository wax or a salicylate, and which is solid at room temperature,
but liquid at body temperature and, therefore, will melt in the rectum or vaginal cavity and
release the active agent.

Compositions which are suitable for vaginal administration also include pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing such carriers as are known
in the art to be appropriate.

Dosage forms for the topical or transdermal administration of a rifaximin polymorph(s)
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
inhalants. The active rifaximin polymorph(s) may be mixed under sterile conditions with a
pharmaceutically-acceptable carrier, and with any preservatives, buffers, or propellants which
may be required.

Ointments, pastes, creams and gels may contain, in addition to rifaximin polymorph(s),
excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth, cellulose
derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and zinc oxide, or
mixtures thereof.

Powders and sprays can contain, in addition to a rifaximin polymorph(s), excipients such
as lactose, talc, silicic acid, aluminium hydroxide, calcium silicates and polyamide powder, or
mixtures of these substances. Sprays can additionally contain customary propellants, such as
chlorofluorchydrocarbons and volatile unsubstituted hydrocarbons, such as butane and propane.

The rifaximin polymorph(s) can be alternatively administered by aerosol. This is
accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles
containing the compound. A non-aqueous (e.g., fluorocarbon propellant) suspension could be
used. Sonic nebulizers are preferred because they minimize exposing the agent to shear, which

can result in degradation of the compound.
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An aqueous acrosol is made, for example, by formulating an aqueous solution or
suspension of the agent together with conventional pharmaceutically-acceptable carriers and
stabilizers. The carriers and stabilizers vary with the requirements of the particular compound,
but typically include non-ionic surfactants (Tweens, Pluronics, or polyethylene glycol),
innocuous proteins like serum albumin, sorbitan esters, oleic acid, lecithin, amino acids such as
glycine, buffers, salts, sugars or sugar alcohols. Aerosols generally are prepared from isotonic
solutions.

Transdermal patches have the added advantage of providing controlled delivery of a
rifaximin polymorph(s) to the body. Such dosage forms can be made by dissolving or dispersing
the agent in the proper medium. Absorption enhancers can also be used to increase the flux of
the active ingredient across the skin. The rate of such flux can be controlled by either providing a
rate controlling membrane or dispersing the active ingredient in a polymer matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of the invention.

Pharmaceutical compositions suitable for parenteral administration may comprise one or
more rifaximin polymorph(s) in combination with one or more pharmaceutically-acceptable
sterile isotonic aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, or
sterile powders which may be reconstituted into sterile injectable solutions or dispersions just
prior to use, which may contain antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient or suspending or thickening agents.

Examples of suitable aqueous and non-aqueous carriers which may be employed in the
pharmaceutical compositions include water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable mixtures thercof, vegetable oils, such as olive oil,
and injectable organic esters, such as ethyl oleate. Proper fluidity can be muaintained, for
example, by the use of coating materials, such as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of the action of microorganisms may be

ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben,
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chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include isotonic
agents, such as sugars, sodium chloride, and the like into the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents which delay absorption such as aluminum monostearate and gelatin.

In some cases, to prolong the effect of a drug, it is desirable to alter the absorption of the
drug.. This may be accomplished by the use of a liquid suspension of crystalling, salt
oramorphous material having poor water solubility. The rate of absorption of the drug may then
depend on its rate of dissolution which, in turn, may depend on crystal size and crystalline form.
Alternatively, delayed absorption of a drug form 1s accomplished by dissolving or suspending the
drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of rifaximin
polymorph(s) in biodegradable polymers such as polylactide-polyglycolide. Depending on the
ratio of drug to polymer, and the nature of the particular polymer employed, the rate of drug
release can be controlled. Examples of other biodegradable polymers include poly(orthoesters)
and poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissue.

When the rifaximin polymorph(s) are administered as pharmaccuticals, to humans and
animals, they can be given per se or as a pharmaceutical composition containing, for example,
0.1 to 99.5% (more preferably, 0.5 to 90%) of active ingredient in combination with a
pharmaceutically-acceptable carrier.

Regardless of the route of administration selected, the rifaximin polymorph(s), which
may be used in a suitable hydrated form, and/or the pharmaceutical compositions of the present
invention, are formulated into pharmaceutically-acceptable dosage forms by methods known to
those of skill in the art.

Actual dosage levels and time course of administration of the active ingredients in the
pharmaceutical compositions may be varied so as to obtain an amount of the active ingredient
which is effective to achieve the desired therapeutic response for a particular subject,
composition, and mode of administration, without being toxic to the subject. An exemplary dose

range 1s from 25 to 3000 mg per day.
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A preferred dose of the rifaximin polymorph for the present invention is the maximum
that a subject can tolerate without developing serious side effects. Preferably, the rifaximin
polymorph of the present invention is administered at a concentration of about 1 mg to about 200
mg per kilogram of body weight, about 10 — about 100 mg/kg or about 40 mg — about 80 mg/kg
of body weight. Ranges intermediate to the above-recited values are also intended to be part.

In combination therapy treatment, both the compounds of this invention and the other
drug agent(s) are administered to mammals (e.g., humans, male or female) by conventional
methods. The agents may be administered in a single dosage form or in separate dosage forms.
Effective amounts of the other therapeutic agents are well known to those skilled in the art.
However, it is well within the skilled artisan’s purview to determine the other therapeutic agent’s
optimal effective-amount range. In one embodiment in which another therapeutic agent is
administered to an animal, the effective amount of the compound of this invention is less than its
effective amount in case the other therapeutic agent is not administered. In another embodiment,
the effective amount of the conventional agent is less than its effective amount in case the
compound of this invention is not administered. In this way, undesired side effects associated
with high doses of cither agent may be minimized. Other potential advantages (including
without limitation improved dosing regimens and/or reduced drug cost) will be apparent to those
skilled in the art.

In various embodiments, the therapies (e.g., prophylactic or therapeutic agents) are
administered less than 5 minutes apart, less than 30 minutes apart, 1 hour apart, at about 1 hour
apart, at about 1 to about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3 hours
to about 4 hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to about 6 hours
apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at about 8
hours to about 9 hours apart, at about 9 hours to about 10 hours apart, at about 10 hours to about
11 hours apart, at about 11 hours to about 12 hours apart, at about 12 hours to 18 hours apart, 18
hours to 24 hours apart, 24 hours to 36 hours apart, 36 hours to 48 hours apart, 48 hours to 52
hours apart, 52 hours to 60 hours apart, 60 hours to 72 hours apart, 72 hours to 84 hours apart, 84
hours to 96 hours apart, or 96 hours to 120 hours part. In preferred embodiments, two or more

therapies are administered within the same subject’s visit.
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In certain embodiments, one or more compounds and one or more other therapies (e.g.,
prophylactic or therapeutic agents) are cyclically administered. Cycling therapy involves the
administration of a first therapy (e.g., a first prophylactic or therapeutic agent) for a period of
time, followed by the administration of a second therapy (e.g., a second prophylactic or
therapeutic agent) for a period of time, optionally, followed by the administration of a third
therapy (e.g., prophylactic or therapeutic agent) for a period of time and so forth, and repeating
this sequential administration, i.e., the cycle in order to reduce the development of resistance to
one of the therapies, to avoid or reduce the side effects of one of the therapies, and/or to improve
the efficacy of the therapies.

In certain embodiments, the administration of the same compounds may be repeated and
the administrations may be separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days,
30 days, 45 days, 2 months, 75 days, 3 months, or at least 6 months. In other embodiments, the
administration of the same therapy (e.g., prophylactic or therapeutic agent) other than a rifaximin
polymorph may be repeated and the administration may be separated by at least 1 day, 2 days, 3
days, 5 days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or at least 6
months.

Certain indications may require longer treatment times. For cxample, travelers’ diarrhea
treatment may only last from between about 12 hours to about 72 hours, while a treatment for
Crohn’s disease may be from between about 1 day to about 3 months, A treatment for hepatic
encephalopathy may be, for example, for the remainder of the subject’s life span. A treatment
for IBS may be intermittent for weeks or months at a time or for the remainder of the subject’s
life.

Article of Manufacture

Another embodiment includes articles of manufacture that comprise, for example, a
container holding a pharmaceutical composition suitable for oral or topical administration of
rifaximin in combination with printed labeling instructions providing a discussion of when a
particular dosage form should be administered with food and when it should be taken on an

empty stomach. Exemplary dosage forms and administration protocols are described infra. The
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composition will be contained in any suitable container capable of holding and dispensing the
dosage form and which will not significantly interact with the composition and will further be in
physical relation with the appropriate labeling. The labeling instructions will be consistent with
the methods of treatment as described hereinbefore. The labeling may be associated with the
container by any means that maintain a physical proximity of the two, by way of non-limiting
example, they may both be contained in a packaging material such as a box or plastic shrink
wrap or may be associated with the instructions being bonded to the container such as with glue

that does not obscure the labeling instructions or other bonding or holding means.

Another aspect is an article of manufacture that comprises a container containing a
pharmaceutical composition comprising rifaximin wherein the container holds preferably
rifaximin composition in unit dosage form and is associated with printed labeling instructions
advising of the differing absorption when the pharmaceutical composition is taken with and
without food.

Packaged compositions are also provided, and may comprise a therapeutically effective
amount of rifaximin. Rifaximin and a pharmaceutically acceptable carrier or diluent, wherein
the composition is formulated for treating a subject suffering from or susceptible to a bowel
disorder, and packaged with instructions to treat a subject suffering from or susceptible to a
bowel disorder.

Kits are also provided herein, for example, kits for treating a bowel disorder in a subject.
The kits may contain, for cxample, one or more of a Form ¢, Form 7, Form a-dry, Form 1, Form
B-1, Form -2, Form g-dry, mesylate Form or amorphous forms of rifaximin and instructions for
use. The instructions for use may contain proscribing information, dosage information, storage
information, and the like.

Packaged compositions are also provided, and may comprise a therapeutically effective
amount of one or more of a polymorph of rifaximin and a pharmaceutically acceptable carrier or
diluent, wherein the composition is formulated for treating a subject suffering from or
susceptible to a bowel disorder, and packaged with instructions to treat a subject suffering from

or susceptible to a bowel disorder.
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EXAMPLES
Materials

Rifaximin was stored in a dessicator at ambient temperature.

Characterization of Forms

Some of the hydrated, salt and amorphous forms of rifaximin, were characterized by one
or more of XRPD, thermal analysis, FT-IR, FT-Raman, ’C NMR. Dried materials obtained by
vacuum drying or heating the hydrates were labeled "dry". These materials exhibited XRPD
patterns that were shifted or contained one or two additional small peaks when compared to the

undried material.

Form y

Form y is a hygroscopic crystalline mesophase. This form demonstrates 1.2 — 3.8%
weight loss by TGA and appears to melt at approximately 203 °C (Table 4).

Rifaximin Form y was obtained from solution in ethanol/water mixtures. Solids were
obtained by crash cooling an ethanol/water (1/0.415) solution in an ice bath and air drying for 45
minutes and from a Form a slurry in cthanol/water (1/0.5). TG analysis demonstrated a 1.2 to
3.8% weight loss corresponding to a broad endotherm at 89 °C in the DSC curve. A minor
endotherm, observed in both samples, at 203 °C is atiributed to a melt. Moisture balance
sorption/desorption showed a 2.4% weight loss upon equilibration at 5% RH. The material is
hygroscopic, gaining 10.8% weight under 95% RH. This weight (11.7%) was lost upon
desorption to 5% RH. Long-term relative humidity studies of Form vy showed no form
conversion when exposed to relative humidities from 11 to 94% for two days. The form
remained unchanged by XRPD analysis after drying under vacuum at ambient temperature for

one day. Other methods are disclosed infra, for example, in the Tables which follow.

Form vy-1 (C)
Form y-1 (0) is a crystalline mesophase (Figure 1). The material was generated by
slurrying Form a dry in ethanol/water (1/0.45 at 0 °C and 1/1 at ambient temperature) for two

days (0 and 0). Recovered solids were allowed to air dry and stored under ambient conditions
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for three days. Form y-1 (£) was also formed by storing Form { under 58 and 75% RH for three

days. Other methods are disclosed infra, for example, in the Tables which follow.

Form {

Form { was observed by XRPD analysis of solids in solution (Figure 2). These solids
were removed and stressed under various RH conditions. XRPD analysis after three days
showed conversion to Form y under 43% RH; Form vy -1() under 58 and 75% RH, and Form B+
v -1(5) under 94% RH, though form conversion was likely initiated upon removal of the solids

from solution. Other methods are disclosed infra, for example, in the Tables which follow.

Formn
Form m was generated by drying Form { (Figure 3) under vacuum for one day. The
material remained unchanged when dried under vacuum at 40 °C for one day. Other method are

disclosed infra, for example, in the Tables which follow.

Form

The space group was determined to be P2,2,2; (no. 19). The packing motif of rifaximin
Form 1 is different than the layered arrangement observed in the previous two structures. The
crystal structure contained additional residual electron density, typically attributed to highly
disordered solvent, in the lattice. While the material is most likely a hydrate and/or solvate, the
amount and location of the solvent could not be determined from the crystal structure. (Figures
11 - 14).

Ameorphous Material

Amorphous rifaximin (Figure 4) was prepared by milling Form y or Formsy +m at
ambient temperature. Amorphous rifaximin was physically stable under various relative
humidities and exhibited a high glass transition temperaturc onset of 199 °C.,

TG analysis of amorphous rifaximin demonstrated a 1.5% weight loss to 100 °C,
accompanied by a broad endotherm at 78 °C in the DSC trace (Figure 5), indicating the material

contained residual solvent. A minor endotherm at 203 °C was also observed in the DSC trace.
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b) seeded with a (LI M5 88434) orange; needle; B& EtOH H20 1/0.02 niL

slurry,

anbi ent, 3 days orange; irregular; fragnents; B&E EtOH H20

1/0.1 nmL s urééh anbi ent, 3 days orange; fragnents; B&E Et OH H20

1/ 0. 25
needl e;

nL P 28108784 ¢ i gerator b) seeded with s (LI VS SSATASHPAIL
B&E ( EtOH/ H20 2/0.5 nL slurry, anbient, 5 hours ( EtOH H20

Cyclic DSC was performed to dry the sample and determine the 7, however the glass transition
temperature was not apparent from the data. Modulated differential scanning calorimetry
showed the glass transition (7,) temperature onset to be approximately 199 °C (Figure 6).
Amorphous rifaximin was hygroscopic gaining 11.6% weight under 95% RH. The gained
weight was lost during the desorption cycle. The post moisture balance XRPD pattern was
amorphous.

The behavior of amorphous rifaximin under various relative humidities was also
investigated. Amorphous material was stored under 43% RH for 5 days, 58% RH for 8 days and
75% RH for 2 days. The material remained amorphous by XRPD analysis.

Crystallization of rifaximin was conducted using water and varying cthanol/water ratios
using a variety of techniques as disclosed herein. Additionally, drying studies were performed as
well as stressing under various relative humidities.

Amorphous rifaximin was characterized by cyclic DSC and TG analyses: crash
precipitation from ethyl acetate with heptane, lyophilization in p-dioxane: water 1:1, and fast
evaporation from acetone. The cyclic DSC thermograms did not show evidence of a glass
transition. A standard DSC test was run on the amorphous sample generated by crash
precipitation from ecthyl acetate with heptane, and showed two broad cndotherms at
approximately 79 and 204 °C, indicative of likely desolvation followed by decomposition.
Analysis by modulated DSC is pending for this sample. All the amorphous samples showed
weight loss ranging from approximately 5 to 6% from 25 to 200 °C by TG, indicating all three
preparations likely contain residual solvent (shown in one or more of Figures 19 — 30).

Two amorphous preparations of Rifaximin (one from lyophilization in p-dioxane: water
1:1, the other from crash precipitation in ethyl acetate with heptane, known as lyophilized
amorphous rifaximin and crash amorphous rifaximin, respectively) were characterized by
dynamic vapor sorption/desorption (DVS) analysis. Both samples were moderately hygroscopic,
with a steady uptake of water (approximately 8% weight gain for both samples) from 5 to 95%
relative humidity,. DVS curves for both samples showed hysteresis, as both lost more

weight/water on desorption than they had gained on adsorption. Crystallization was not
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1/0.45 nL EtOH 1120 1/0.5 nL control cooling: 3 Ch, 70 - 20 Cin
solution ( control cooling: 3 Ch, 70 -20 C, anbient for 3 days -

0-1c

crash cool in ice-water in solution slurry, 0 C, 2 days;

ai r-dri ed vaddoostes7asd at anbi ent 3 days |ight orange; smafriusemesodses2
B&E 7-1(0 EtOH H20 1/1 ni

observed by either post-DVS sample. Based on the data, relative humidity stressing studies of
the two amorphous materials at 40 °C/75% RH are recommended.

Vapor stressing experiments were done on amorphous material from two preparations:
lyophilization from p-dioxane: water 1:1 and crash precipitation from ethyl acetate with heptane.
After 6 days, one sample (stressed with toluene) appeared microscopically birefringent,
indicative of crystallization, but showed no peaks by XRPD. The majority of the stressed
samples appeared as clear red solutions after 6 days. Those solutions were placed in vials of
antisolvent for vapor diffusion. Dry and wet milling experiments were conducted on amorphous
materials from the two preparations mentioned above. Amorphous materials were recovered
from the dry mulling experiments.

Modulated DSC of x-ray amorphous rifaximin prepared from a crash precipitation
experiment in ethyl acetate with heptane showed no evidence of a glass transition temperature
(Figures 29 — 30). A second modulated DSC experiment on a sample of x-ray amorphous
rifaximin from a vapor stress experiment with water is pending. The presence of water in the
sample could possibly lower the glass transition temperature, potentially making it detectable by
modulated DSC.

Crystallization of amorphous rifaximin to Form B was observed for vapor diffusion

experiments in methanol and tetrahydrofuran, both utilizing water as an antisolvent,

Table 2: Amorphous Rifaximin

Solvent Conditions Observation XRPD Result

acetone FE red glass, not birefringent amorphous, 2
halos

p-dioxane: e orangg solids, not amorphous, 2
H,01:1 lyophilization birefringent halos

bright orange, . .
sctte | haplane | Mohologymlnown, | STGEO2
not birefringent

Table 3: Characterization of Rifaximin, Amorphous Samples

Technique Analysis/Result

XRPD amorphous, 2 halos
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SC 13-1 - orange; blade; B&E 13-2 slurry 2230-93-02 (13 br),
anbient, 2 days - 13-1 post single crystal sanple 2230- 93-02 (13
br), in solution - 13-1 slurry, anbient, 2 days; air-dried and
stored at vadbioenes7® days orange; small needl es; B&E 7- BCO/UBLODM IR0

cycling DSC* no T, observed
TG’ 5.39% from 25 — 200 °C
0.100% weight loss at 5% RH
DV§® 8.364% eight gain from 5 —95% RH
10.989% weight loss from 95 — 5% RH
XRPD 10 peaks, possibly amorphous
XRPD amorphous, 2 halos
DsC® broad endo 79, broad endo 204
cycling DSC* no T, observed
modulated DSC * no T, observed; broad endo 74
TG’ 6.47% from 25 — 200 °C
1.606% weight loss at 5% RH
DVs® 7.843% weight gain from 5 — 95% RH
9.172% weight loss from 95 — 5% RH
XRPD 1o peaks, possibly amorphous
XRPD amorphous, 2 halos
cycling DSC* no T, observed
TG’ 4.52% from 25 - 200 °C
XRPD amorphous

a. endo = endotherm, temperatures (°C) reported are transition maxima, Temperatures are rounded to the nearest degree.

b. weight loss (%) al a cerlain temperature; weight changes (%) are rounded to 2 decimal places; temperatures are rounded 1o the
nearest degree,

c. See 3436-54 for calculations,

d. See 3436-55 for calculations.

Table 4: Stressing of Rifaximin, Amorphous Materials

Solvent Conditions Observations XRPD
Result
VD w/IPE, | red, glassy solid, not )
DCM 11 days bir¢fringent amorphous
VS, RT, red, spherulites of
toluene 6 days needles, birelringent amorphous
orange, aggregates
and morphology
unknown, not
water Vs, RT, birefringent; dark amorphous
15 days
read, agglomerate
(very small amount),
partialiy birefringent
red, oily droplets in
MEK V]IDI‘TI/:l:E’ glassy solid, not amorphous
¥e birefringent

a. Sample was analyzed by both Inel and Bruker XRPD to confirm result,

46



2/3 nL Sc -
dried 7 h light orange;
starting material,

sl ow cool iwg 200010888 = birefringence and extinction.
determned in solution in a capillary.

1120 slurry 2329-03-06a (f3-1),
fragnents;
ot herwi se indicated. SE = sl ow evaporati on;

anbient, 1 days; air

B&E a + O a. LI MS 88046 used as

SC =
C PCBasplogs3ster e
WO

2009/ 108730PCT/ US2009/ 035192 Tabl e 20: Rifaximn Drying Experinents

Starting Materi al
vac oven 50 C, 1 day

LI M5 No. Conditions Qbservations a XRPD Form a dry

Table 5;: Milling Experiments for Rifaximin, Amorphous Materials

Amorphous Conditions Observations XRPD
Sample Source Result
Iyophilization 10 min, at 30 Hz, bright orange,
from p-dioxane: | scraped sides, 10 | morphology unknown, | amorphous
water 1:1 min. at 30 Hz not birefringent
CP from EtOAc 10 min. at_; 30 Hz, bright orange,

with heptane scraped sides, 10 | morphology unknown, | amorphous

P min, at 30 Hz not birefringent

Table 6: Characterization of Rifaximin Form ¢ dry

Analysis ° Conditions Results
XRPD Inel Form ¢ dry
PSC Method B (25-350-10) endotherm (major broad) 93 °C
crimped pan endotherm (minaor) 219 °C
TGA Method A (00-350-10) 1.8% from 20 °C to 100 °C
a.  XRPD = X-ray powder diffmclion; DSC = diffrential scanning calorimetry; TGA = thermogravimetric analysis.

Table 7: Characterization of Rifaximin Amorphous

Analysis * Conditions Results
XRPD Inel amorphous
DSC Method A (25-250-10) endotherm {major broad) 78 °C
crimped pan endotherm {minor) 203 °C
DSC Cyclic DSC (lass transition not determined
MDSC Tg (glass transition) 199 °C
TGA Method A (00-350-10) 1.5% from 21 °C 10 100 °C
0.7 % wt loss upon equilibration at 5% RH
MEB ) 11.6% wt gain from 5 to 95% RH
11.3% wt loss from 95 to 5% RH
ntbk ref. 2329-50
Post-MB XRPD Inei amorphous
FT-IR 100%API, 256 scans conforms to structure
FT-Raman 100%AP], 256 scans conforms to structure

a.  XRPD = X-ray powder diffraction; DSC = differential scanning calorimetry; TGA = thermogravimetric
analysis; MB = automated moisture sorption/desorption; FT-IR = Fourier transform infrared
spectroscopy; 'H-NMR = solutions proton nuclear magnetic spectroscopy; “C-ssNMR = carbon-13
solid state nuclear magnetic spectroscopy.
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- adry vac oven 50 C, 1 day vac oven 60 C, 1 day ' _ a dry a dry

vac oven 60-65 C, 3 days orange; fragnents; B&E a dry f3-2 under N2

at nosphere, 20% RH, 3 days orange; fragnents; B&E a vac oven, 40 C,
1 day oranyezomnesyaent; B&E a dry & vac oven 60-65 C, cadAEs0000:1ge;
fragments; B&E a dry

Table 8: Post-Moisture Sorption/Desorption Analysis

Initial Form Final Form
o dry o dry
Amorphous amorphous
a.  XRPD resulis are from post moisture sorption/desorption analysis — sorption from 5% RH to 95% RH; desorption

from 95% RH to 5% RH.

Table 9: Single Crystal and Computational Data for Rifaximin Form p-1

Form [}-1
a-axis (A) 13.8586(8)
b-axis (A) 19.7475(11)
c-axis (A) 16.5935(9)
B 91.568(3)°
vV (3% 4539.5(4)
Density (g cm™) 1.272
Cell monoclinic
Water (moles) 3
Ethanol (moles) 1.6
Temperature 173

Table 10: Form o and Mixtures of Form o

Initial Form Conditions Final Form
o dry 33% RH, 2 days o
o dry 33% RH, 7 days o
-2 under N, atmosphere, 20% RH, 3 days o
H20
B-1 shury 2329-03-06a (3-1), ambient, 1 days; a+p
air dried 7h
o dry 43% RH, 4 days a+B
o dry 43% RH, 11 days B+ ()
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( stored in refrigerator 3 weeks
anbi ent,
45 C, 2 days orange;
2329- 06- 020 denokogIsange;
i rregul ar:

fragnents;
( vac oven,

or ange;

B&E r

c vac oven,

B&E 7 + 1

i rregul ar;

( ¢ open vial
1 day orange;

fragnents;

i n hood orange;
I rregul ar;
B&E 1 C air dry

Table 11: Summary of Experiments Resulting in Form B and Mixtures of Form [3

smal |
B&E 1

B&E Y vac dry 2329CTars@maoztark

Initial Form

Conditions

Final Form

58% RH, 3 days

B+peak @4.87 °2 0

33% RH, 4 days

94% RH, 3 days

58% RH, 2 days

75% RH, 2 days

94% RH, 2 days

E1OH/H,0 (1/0.45)
solids washed with H,Q afier filtration

43% RH, 4 days

+ | ™ [t |te T

Table 12: Form B-2

Initial Form

Conditions

Final Form

o dry

EiOH/ILO (1/1)
8C
Solids air dried

B-2

Table 13: Form y-1(£) and Mixtures of Form y-1()

Initial Form

Conditions

Final Form

a dry

EtOI/I,0 (1/0.5)
slurry, 0 °C, 2 days;

air-dried and stored at ambient 3 days

Y-1Q)

o dry

EtOH/H,0 (1/1)
slurry, ambient, 2 days;

air-dried and stored at ambient 3 days

716

58% RH, 3 days

=1

75% RH, 3 days

71

94% RH, 3 days

B +y-1(2)
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1 vac oven,
and extincti on.

Condi ti ons Cbservati ons
m nut e i ntweoaelegosrd) or ange;
particl es anor phous
fragnents;

or ange;

40 C, 1 day orange;
Table 21: Gindin Starting Mteri al
XRPD Form 7 ground at 30 Hz,
no B&E except @CTAISR@WO3S192

ground at 30 Hz, 30 mMmn (15 mnute interval sx2)

fragnent;

fragnents;

no B&E except of a few

Table 14: Form y and Mixtures of Form y

B&E 1 a. B&E =birefringence
LI M5 No.
10 mn (5

particl es anor phous

Initial Form Conditions Final Form
o dry EtOH/H.0 {1/0.25)
Slurry ambient, 2 days; ¥
air-dried and stored at ambient 3 day
o dry EtOH/H,O (1/0.5)
slurry, ambient, 2 days; air-dried and stored at ¥
arnbient 3 days
¢ air dry 2329-06-02a Y
£ open vial in hood ¥
£ 43% RH, 3 day ¥
EtQOH/H,0 (1/0.45)
o dry crash cool in ice-water; air dried 45 min. ¥
g vac dry Y+
stability chamber
C 75% RH@40 °C, 1 day C+y
a.  Non-cGMP.
Table 15: Form { and Mixtures of Form (
Initial Form Conditions Final Form
4 stored in refrigerator 3 weeks 4
o dry EtOH
slurry, ambient, 3 days G
o dry EtOH/H:O (1/0.02)
shurry, ambient, 3 days &
o dry EtOH/H,0 (1/0.1)
slurry, ambient, 3 days C
o dry EIOH/H,0 (2/0.5)
slurry, ambient, 5 hours G
EtOH/H20 (1/0.45)
o dry control cooling: 3 °C/h, ¢
70-20°C
EtOH/H20 (1/0.45)
a dry crash cool in i(ce-water G
EtOH/H20 (1/0.25)
o dry a) SC; refrigerator ¢
b) seeded with & (LIMS 88434)
EtOH
o dry a) SE, 5 days; ¢
b) sceded with g (LLIMS 88434)
stability chamber
5 75% RH@40 °C, 1 day G+

50



+ 71 ground at 30 Hz, 45 min (15 mnute interval sx3) orange;
fragments; no B&E anorphous a. B = birefringence; E = extinction W)
2009/ 108730PCT/ US2009/ 035192 Tabl e 22: Stressing Under Vari ous

Rel ative MwoRepnosesd | nitial Form Condition? Cbservati orsTXRRIDy/MBE19m CL
P205, 4 days dark orange; irregular particles; B& a dry a dry 58%
RH, 2 days |ight orange; small irregular particle; B&E 13

Table 16: Form ¢ dry

Initial Form Conditions Final Ferm
£ vac oven 60-65 °C, 3 days & dry
8 P.0s, 3 days £ dry

Table 17: Form m and Mixtures of Form 1

Initial Form Conditions Final Form
n vac oven, 40 °C, 1 day n
¢ vac oven, ambient, 1 day 7
C vac dry ¥+m
¢ vac oven, 45 °C, 2 days 1

Table 18: Form amorphous

Initial Form Conditions Final Form
Amorphous Post MB amorphous
Amorphous 43% RH, 5 days amorphous
Amorphous 58% RH, 5 days amorphous
Amorphous 75% RH, 5 days amorphous

ground at 30 Hz, 10 min

Y (5 mimte intervals x2) amorphous
ground at 30 Hz, 30 min

4 (15 minute intervalsx2) amorphous
ground at 30 Hz, 45 min

r+1 amorphous

{15 minute intervalsx3)

51



75% RH, 2 days |ight orange;
RH, 2 days |ight orange;
I rregul ar
| ¥QE0P/B’TAMENL S;

days dark orange;
or ange;

smal |
smal |
particles;

i rregul ar particle;
i rregul ar particle;

B&E 13 94%
B&E 13 13 P205, 4
B&E a dry 0-1 33% RH, 4 days
B&E 13 13-1 75% RH, 3 days or ZC§ajs2009/035192

fragnents; B&E 13 8 P205, 3 days dark orange; small irregul ar
particles; B8cE s dry (
Table 19: Crystallization from EtOH and EtOH/Water Mixtures
Solvents Conditions * Observations ° XRPD Form
EtOH slarry, ambient, 3 days orange; fragments; B&E 4
a) SE, 5 days; ) :
b) sceded with £ (LIMS 88434) orange; needle; BEE C
?}oogg}:;g slurry, ambient, 3 days orange; irregular; fragments; B&E £
EtOH/H,0 . _ ,
1/0.1 mL slurry, ambient, 3 days orange; fragments; B&E £
EtOH/H,O a) SC; refrigerator . .
1/0.25 mL b) seeded with & (LIMS 88434) orange; needle; BLE ]
EtOH/HO .
2/0.5 m2L slurry, ambient, 5 hours - 4
EtOH/H,0 control cooling: 3 °C/h, in soluti
1/0.45 mL 70 -20°C m solution &
control cooling: 3 °C/h, 70 - 20 i L
°C; ambient for 3 days p-
crash cool in ice-water in solution 4
slurry, 0 °C, 2 days;
EtOH/H0 air-dried and stored at ambient 3 | light orange; small needle; B&E v—1()
1/0.5 mL d
ays
EtOH/H,0
1/1 mL SC - p-1°
- orange; blade; B&E -2
slurry 2230-93-02 (B br), ) 1°
ambient, 2 days B
post single crystal sample 2230- i L
93-02 (B br), in solution p-
slurry, ambient, 2 days;
air-dried and stored at ambient 3 orange; small needles; B&E 18
days
E{OH/H,0 .
2/3mL SC - p-1
slurry 2329-03-06a (B-1),
H,0 ambient, 1 days; light orange; fragments; B&E o+ P
airdried 7h

a.  LIMS 88046 used as starting material, otherwise indicated. SE = slow evaporation; SC = slow cooling.
b. B&E =birefringence and extinction.
c.  Samples were determined in solution in a capillary.
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43% RH, 3 days Orange; small particle; B& Y 58% RH, 3 days O ange;
smal | particle; B&E Y-1() 75%RH, 3 days Orange; small particle; B&E
Y-1() 94% RH, 3 days |light orange; small particle; B&E 13 +Y-1(c) (
stability w0amesns73b% 1U @0 C, 1 day orange; needl e; B&ETS2089/435192
anor phous 43% RH, 5 days orange; snall irregular particles; no B&E
anor phous
Table 20: Rifaximin Drying Experiments
Starting
Material Conditions Observations a XRFPD Form
LIMS Ne.
vac oven 50 °C, 1 day - o dry
o dry vac oven 50 °C, 1 day dr
vac oven 60 °C, 1 day' ) o dry
o dry vac oven 60-65 °C, 3 days orange; fragments; B&E o dry
0,
p2 under N, atmozgl;:re, 20%RH, 3 orange; fragments; B&E “
vac oven, 40 °C, 1 day orange; fragment; B&E o dry
£ vac oven 60-65 °C, 3 days orange; fragments; B&E g dry
4 stored in reftigerator 3 weeks - 4
4 open vial in hood orange; small fragments; B&E v
4 vac oven, ambient, 1 day orange; irregular; B&E n
4 vac oven, 45 °C, 2 days orange; fragments; B&E n
air dry 2329-06-02a dark orange; uregular; B&E ¥
5 vac dry 2329-06-02a dark orange; irregular; B&E Y+1
ol vac oven, 40 °C, 1 day orangg; [ragment; B&E il

a. B&E =birefringence and extinction.

Table 21: Grinding

Starting
Material Conditions Observations ” XRPD Form
LIMS No.
ground at 30 Hz, 10 min (:lrarég;;lsﬁa)(gmc?wfg amornhous
(5 minute intervals x2) 0 CXCepLO P
v a few particles
ground at 30 Hz, 30 min orange; fragments;
. . no B&E except of amorphous
(15 minute intervalsx2) :
a few particles
ground at 30 Hz, 45 min | orangg; fragments;
vm (15 minute intervalsx3) no B&E amorphous

a. B =birefringence; E = extinction
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anor phous 58% RH, 5 days orange; snmall irregular particles; nostly no
B&E anorphous 75% RH, 5 days orange; small irregular particles;
nostly no B&E anorphous a. Al sanples stored at roomtenperature

unl ess ot eowngaod7sdi cated; RH = relative hum dity b. BCFUS2009/035192
birefringence; E -- extinction Materials Sanpl es were stored in
a dessicator. Solvents and other reagents used were purchased from
commerci al suppliers and used as received. Solvents were either HPLC
or ACS grade. Slow Evaporation (SE) Sol vent was added to

wei ghed armunts of rifaximn in vials. Mxtures were sonicated to

i1 or aoReEs ekt VaBeR: RRRLY Byet) v apor at ed at ambi ent

Condl t H nnf‘;F \l\n ')nnol 1nQ7QnD I ||Q')nn0/ an:1 0') Pr QCI’\ (‘nnl { C(‘\ A
sanpl e InGarRorm L i 1ri Gonititiost hanpl | wat er  10BseABtomas _prepar ed andima%md
t hr oug Tyt om fTiter nto a cteamr via—The viat bUIILaIIIIIIg
the sol ution Was tH@n?dspi dly colsrkemnssyinrembsrasriskoR&Fn an i ce taih for
sever cl! seePNds. s8RRHISIbNAT | P bidhdk: 3l WehE: @t @@ECA [ DY TITTgarion
and diied. Sl yrrys%RpcY dafeNt 5 light oraned Sfbll inQLMGRLS:;WEEE added TG
ri faxijm n in yi alg%Ruchdiahat emgle&sngu;rsﬁihlsi&egwlqﬁniaalﬂ&@s er e prgsent
I n solluti @ns. Thefna) Xfures were nan slurr hakér Dbl ock, or
rot at ilng_wheel dubanbi ent ‘}raf)éjfﬁn X r’rﬁ alldﬁl(rjle B ressing U
Variouys Relati ve 313—1%@Hd45a Ses R!—I) orange; lafde MlofbmEBRE @I NI NG 1 f axi
was pllaced uncovered Wt jar confaining phosphorous pento de
(P205 orB“é sat ur@%m,%gg sol ut i onoﬂaﬁhe\mg&m BElre j ar was seal qu and
st or ed—at—ei-ther—anbient—temherature or n—oven at el evated
t enperad LS P05, 3 days dark orange; small uregt%a.r particles; B&E & dry
e UC b 43% RH, 3 days Orange; small particle; B&E y
58% RH, 3 days Orange; small particle; B&E v=1({5)
75% RH, 3 days Orange; small particle; B&E y=1(5)
94% RH, 3 days light orange; small particle; B&E B +y—-I(E)
stability chamber . .
£ 75% RH@AO °C, 1 day orange; needle; B&E C+y
amorphous 43% RH, 5 days orange; small irregular particles; no B&E amorphous
amorphous . .
P 58% RH, 5 days orange; small uregll:;'l;j é)amclcs; mostly no amorphous
o orange; small irregular particles; mostly no
75% RH, 5 days B&E amorphous

a.  All samples stored at room temperature unless otherwise indicated; RH = relative humidity
b. B = birefringence; E = extinction

Materials
Samples were stored in a dessicator. Solvents and other reagents used were purchased

from commercial suppliers and used as received. Solvents were either HPLC or ACS grade.

Slow Evaporation (SE)
Solvent was added to weighed amounts of rifaximin in vials. Mixtures were sonicated to
achieve complete dissolution of solids. The solutions were then filtered into clean vials.

Solvents were slowly evaporated at ambient conditions.
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Sl ow Cool (SC) Sat urated solutions of rifaximn were prepared
by slurrying excess solids in the test solvent at el evated
tenperature. The saturated solution was filtered while warminto a
cl ean vi alWORHE/18%3P| e was al |l owed to cool to room t enPETAISAN0/03549%0
then further cooled to sub-anbient tenperature using a refrigerator,

followed by a freezer. MIling A solid sanple of rifaximn was
charged to a mlling container wwth a mlling ball. Sanples were
mlled for 5 or 15 minute intervals (2 x 5 mnutes, 2 x 15 m nutes,
and 3 x 15 mnutes) at 30 Hz using a Retsch MWV00 m xer mll. Solids

wer e sgg%%qgof the sides of the vial after each interval. WO
2009/ 10 (91‘ 009/ 035192 Instrunental Techni ques X-ray Powder

Di ffracti on A SRR oSkfawigiz tin cthanol/whtdray(.pHwee pregartd Ena?cbpfis@em ). 2-pum
anal yses per f or rred ysing a Shimadzyu XRD-6000 X-ra

i £ 11 ach et o) Agleen wel- r B ;ﬂaP Gpntaming hq SRR rftasit efeEﬁEng}Sé‘BOW 05
a | ong sfibA&sihaGHan Hebath foHEk%raﬂb%oﬁdébgoﬁfﬁ|tﬁa@§b%c§ﬂﬁte&$€?@5&%te%5r%l§ﬁfon
to 40 kV and 40 mA, respectively. The divergence and scattering slits
were sapddtied and the receiving slit was set at 0.15 mm Diffracted
radi ati on was detected by a Nal scintillation detector. A 0-20
continuous scan at 3 /mn (0.4 sec/0.02 step) from2.5 to 40 26 was
used. /Shs'ryEqulinEntandard was anal yzed to check t he instrunent

al i gnnment . re co nd anal XRD6100/ 7000 V.

5. 0" Sanpi ed oharehS ot e AP {OR S S LR e Jeli wore
hol der prés&&| in solutmn@(-]'laymﬁ&@.w%fzvetﬂ ﬂ'hfnli 3hukiganor Xal?ﬂ)er Mk oy estariBg vheel at
performed using an I nel XRG 3000 diffractoneter equipped with a CPS
(Curved¥ ‘?I}tgﬁmﬁg@h@F‘PFF@B’)‘e detector with a 20 range of 120. Real
tinme data were coll ected using Cu-Ka radiation starting at

approxi mately 4 020 at a resolution of 0.03 020. The tube voltage and
anper agéresitseUnder ViegouRalasivg ingditisp(Riespect i vel y. The nonochr onat or
slit was set di

2.5-40 020. %F%ﬂi‘m&#é‘*%?‘é%ﬂa%d@g@ g‘?\cg ‘%‘?é‘} ‘@‘f}‘% CQB‘%% ?reﬁﬁs%'}"éws
t hin- \A@Iehisd1dg I(ﬁE%S)ale $ahaatee salt Edmhommpmtbrarme yasvassazltedndsibredaat either
goni onet ad that is notor m.t _spinning of the capillary
o ng A Sewgednt PhR TRt Rk RSy 2o Tor 300 sec

I nstrunment calibration was perforned using a silicon reference
standard. Varjable Tenperature XRPD (VT- XRPD)

Var i ablseo"(gﬁﬁ]eﬁs&@ure XRPD (VT- XRPD) was perforned on a Shi madzu

XRD- 6000 X- isairpQiveiitichs f e ﬁ{ﬁhﬁ'ﬁﬁtv?é%e ?ﬂéﬂ)‘a&ﬁe@ %ﬁﬁn@@x&% QB1LERH thelTkst
1200 high tenperature stage. The sanple was packed Iin a ceramc

hol der safyantzat aleyateditcmpergiuze. thp @am@tedzselualpn yag ﬁitﬁreq @hje sen dnto2 ckew pial.

The he t ed .t
chock. (s bR FeseBintl sl fOud et 368 HBB- SPALY FERS fnbien
Tenper atmopazatg@|vstng atrefigerats, fplowar pedfreegemg vani I 1in and

sul fapyri di ne standards. Data were coll ected and anal yzed using

XRD- 6000 v. 4.1. Variable Relative Hum dity XRPD ( VRH XRPD)

VRH XRR@mgs perforned on a Shimadzu XRD-6000 X-ray powder

diffract orret er eqw pqed with a relative humdity generator,

Thi s anal ysis prEnple efmifaxma wapshaesth o ﬁal&‘wé‘tﬁ FWtad“fEe‘?“élinacmHB‘F%@?H

and an@a%%f‘eg v‘&é’r@%@etﬁfoﬁlg &2@ ﬁﬂnu% i’nfE'r\Fhlg flssrﬁﬁ‘q{l@s 02 thGrHI)nu@E and 3 x 15

appr oxi ma ! rofi for the chanber is specified in
the t abmegteS)m@Q)Pbalmerdr&etwgﬂ\éM@B@ maxer eeflld Selidsgvern berapddrfror therdes péthy
15 mn Q urs. A data | ogger (SN# 05012010) was used to
neasurgla?%g&rerg \é‘li)e\l;gh?hum dity in the chanber (see DATA section pages
57-60). A silicon standard was anal yzed to check the XRPD i nstrunent
alignment. XRPD Data were coll ected and anal yzed usi ng XRD- 6100/ 7000
v.5.0. Reference XRPD Patterns Ref erence XRPD patterns were
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Differential Scanning Calorinetry (DSC) Differential scanning
calorinmetry (DSC) was perfornmed using a TA Instrunents differenti al
scanni ng cal orineter 2920. The sanple was placed into an al um num DSC
pan, and t'M@2408{1gf18¢ accurately recorded. The pan was c@&CEUSONDISHI2a
lid and then crinped or left uncrinped. The sanple cell was
equilibrated at 25 C and heated under a nitrogen purge at a WO
2009/ 108730PCT/ US2009/ 035192 rate of 10 Cmn, up to a final
tenperature of 250 or 350 C. Indiumnetal was used as the calibration
standard. Reported tenperatures are at the transition nmaxi na.

Met hod {A: - s J10: jnitial equilibration at 25 C, heated to 250 C
at 10 %‘lmﬁéﬂlét?ﬁ%%&gu&% 350- 18: initial equilibration at 25 C

heat ed X-my3sd-d&r Biffrd@io@(KRADTycl ic Differential Scanning Calorinetry
CyclicDSC was perfornmed using a TA Instrunents 2920 differenti al
scanni r?ﬁ“% drineter. The sanple was placed into a hernetically

seal ed DSC pany pawdertdiffraved ngXR D GHAIR R erd RERraetusind e SHaBdMEBRD-6000
covered with a lid containing a | aser _pinhol e. The nethod was as

f ol | owss T2y POt Hiffspcieractat usitgicu Ko pagdigiiono ThennsirumenBocagipped stithey loas
at 80 1 g Ui 5 Ranp '

I ndi umgr?é?fgf&s\/\gsﬁﬁgtg%@a? %ehgggéﬁhgéea? I?Ogr% £ ?rg%dar a %%eﬁ)ﬂ) 2{3} U540 SA’
t enper a¢speaively. dthetdinerganamand scatermpslitsawerl/betudt df anld Diefrée@ivamy $lalwas set at

Scanni Cal orinetr DSC dul d.di.fferential scapnpin

cal ori nmetry™ Ct%‘aélg%@z ga%@)‘?tt%ﬁt‘?%gl?}' ‘bﬁtﬂ _SGF}iﬂ(aH%‘_E‘ gﬁﬁcé?ﬁ s‘g 9?2 confinuous
di ffer gani &l 3 9680 Oﬂgse‘é/@.@“s@? Sfon? 92010 qp PP Qrhs Wstd) A &Hibéd SEABEEFas
cool i ng systemé@ ). The sanpl e was placed into an al um num DSC pan,
and t hengliggeghio cheeluthet wisyument gligerdent Thatapaerevendlegsed ende dnalyzet usinigi FRD-
perfor it ' I [ re rel nd

t hen hgﬁgnég?qﬁga‘{]?? ) g%ﬁﬁé%‘%%%%@%’g? %raa\f\l/%&eskgp gl?frr?g ed%sﬁnagsgg%% lljegt i on
anplitude of +/- 0.8 C and a 60 second period with an underlying
heati n rlate of 1 Cmn from25 - 225 C. The tenperature and the heat
capaci t¥ were calibrated using indiumnetal and sapphire as the

cal i br at i onXstagnbaides diffr %8 (XRPE)) Yanallb® weRYekPemd assy bh angi ARGB0O00
tenperatures are obhtained fromthe half-height/inflection of the step

change diffra¢tpracter o@rrne| witlha P (Guved Petidon Bensitival detecteuwite 2 26\@nge of
2009/ 1087:3QP 103 inetric, (T0Q. Anal R
Ther mod Pl ITE tipciereoaitcied BSGERAMEL B ol rlndy 0P rk bRty 4Rt &

2950 t hablueigh i 0183 r2@ Tt Yibe voltRaC nd afipbRgdaserd lsaCRA 40 k\ARAnd 30 mA,
al um num sanpl e pan and inserted into the TO furnace. The furnace was

first &FOFIIVBYatlasmenoguomateysliéwas sdat oimmeby 1§0 WpohheapBprayis displayed from
t enper atuke ond he t u [ -at 10, Gl |

T nar A o0 el St BB L AREDS b Updeth Bo e T BB 8
cal i br atpilariest dErdarcdsillardybydsonisudted ostoer péricmstanptadsthar i@ maebdredad Heemit
as summari.zed el ow. et hpd. A: ., Met hod. B: hod C. 00-350-10: no

i t1 aPPBHE s Craly e el SRR o PoSETRIes M ABEEh O 3Whsre
heat ed Idserusief} calibrutididwhd porformet &l aldllicontbfeichte f4Hdald, bration at 25 C,
sanpl e heated to 350 C at 10 Cmn

Variable Temperature XRPD (VT-XRPD) _
Variable-temperature XRPD (VT-XRPD) was performed on a Shimadzu XRD-6000 X-

ray powder diffractometer equipped with an Anton Paar HTK 1200 high temperature stage. The

sample was packed in a ceramic holder and analyzed from 2.5 to 40 °26 at 3 °/min (0.4 sec/0.02°

step). The heating rate was 10 °C/min. A silicon standard was analyzed to check the instrument

56



00-300-10: no initial equilibration; analysis started directly from
anbi ent, sanple heated to 300 C at 10 C mn Spectroscopy Fourier
transformlnfrared (FT-IR The IR spectra were acquired on a
Magna- | R S88AY/ 188t i er transforminfrared (FT-1R) spedTOPRUPBIM e
(Therno Nicol et) equipped with an Ever-G@ o md/far IR source, an

ext ended range potassi um brom de (KBr) beansplitter, and a deuterated
triglycine sulfate (DTGS) detector. An attenuated total refl ectance
(ATR) accessory (the ThunderdonmeTm Therno Spectra-Tech), with a

ger mani um (Ge) crystal was used for data acquisition. The spectra
represen n%@ﬁﬁﬁe SLANRiROM 4SS RENS uding PARNH AN SRR yMEIe r&ta‘ﬁaarﬂs
cml. A ckgroun data set was acquired with a clean Ge Crystal.

Log 1/ @ %WQGFGH?CF&%H@%Y@%WEQ@%QQO%%M red by taking a ratio of
these two data sets agai nst each other. Wavel ength calibration was
perfornmed using pol ystyrene. Fourier transform Raman (FT- Raman)

FT- Ramaferigple RetagivelbiumiditgopRPR (VBH-¥RPBan accessory nodul e interfaced

t Ma f f

et 1 ouhot SRS HerrRf Rl by o S SR ol by Ry powger disfracgpperer

\évavel e rghippeaf wﬁlﬂﬁtﬂelﬁtiﬁ}e&nﬁndﬂy gdgﬁt\;a:/wf% BHI-JOOU Mhay HeRkides (diE&AP) The sample
etector. oxl nat e (0] (0] r was used

T ol s pAfRaS pRerid plac i Sptered BT PCA) e ge onded et éfgm at

ver e phgpakhtdlPBs2 a0alrys RE1 ¥R BB ghdrtser vigastp@élﬁ@d i tRe @abgzls amﬁ@ﬁ

and positioni nt% the tube in a gold-coated tube holder in
accessafye poliested| duging Alig tme fratpa cxerypl Semiaitassfonsve hews) eftstd@ta Ipggom (SN#

98- 360 1 .
apodi 2807 DUOR Sy EREE hlediurd 8 2l Bk SnogBL 1B B0 CERER poces
cycl ohéXdhg. AAutcormtae@hrd/masaml:eze$m qzitecbﬂvem pistroment alignmbfyi RPDEData
sorptioQ /de dat a a VTl SGA- 100 Vapor

Sor pt i on’ A‘ﬁosﬂg tgci $§3E"6?Q%Wg%gﬁag’el§§h§&qﬁﬁ 0data were col l ected over a
range of 5%to 95% relative humdity (RH at 10% RH i nterval s under a
nitrog es were not dried prior to analysis. Equilibrium
cyiter%&f% gm&%ﬂfm s were |l ess than 0.0100% wei ght change in 5
mnutes, W RBfefent®XXRPI £%Hb' RERL bitiintd MRRTUS d}OEﬁr%péaE P&I&twrgﬁﬁtm
criterion was not net. ta were not corrected for the initial

noi st uw@pé@aﬁpémndcﬁonv%démmtww Rgonsied NEREANAT erersipac. Ggon-cGMP).
calibration standards. Solid State 13C Nucl ear Magnetic Resonance

( NVR) Sanpl es were prepared for solid-state NVR spectroscopy by
packi n@ptibdiicriscopy mm PENCI L type zi rconi a rotors. The speci fi c
acqui si rapeters are isted o t of the fir

spect r r%t%qr‘] Igfgroﬁcos?gr%qsé) “I'R rr?fﬁieusﬁ?:qt b ﬁzﬁh% SRS PPP arﬁuﬁ Qkiefﬁ"f?s
For ms  typically rhr@gfing’ 26l 08-4:0 fveXRREY d&&&r&ﬁécﬁptﬂ@hied(ligﬁﬂtooﬂe\f/ IsiapkdYisamples
forms Cand ii to identify peak positions as well as aid in iIndexing
the pateErEVeHISH-C was successful |y indexed using this data. Due to
the disorder inherent in Form1l attenpts to index the XRPD pattern
wer e unsuccessful. The XRPD peak list for rifaximn Form C was

gener aﬂé@n@éﬂﬁ@ﬁqﬁe results of the indexed pattern. XRPD peak lists

for a%]g” nor phous were generated using
Patter:l?l?gérg}l}ltﬂ1 ngg%ljc SO t%égi@sgckage. The diffractograns were
corrpar ed toDﬂﬂfmrersiat tsnaumge:abriateﬁg (IMR) Mias t parformed ustngpeaks Sstrentss
r ad and/ Iow eaks as |l a eak ond
b 52 iz P SRl Ftrime, d@heqﬁ il it plfed Bl wlihuR Gy D82 dna
2009/ 1&&7&@1@5{%&4&%@%&%&&2 Phe pad &Ials cvové{ea Raghsa Fr ardethes teriliptd o MM
Forms Rifaximn Form C (zet faximn (404.5ng) was slurried

in an MM vi%hee%aﬂﬁiex‘ieﬂr‘éas(%myb@tmt)%a?c amﬁoh@md uréiﬁp@matoaﬁlepw@s at a

approximately 5 hours. Solvent was renoved by decantation and the
danp solids stored in the refrigerator for |ess than one day prior to
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Rifaximn (50 ng, Formy + n) was ground for three 15 m nute cycles
inagrinding jar at 30 Hz (total 45 m nutes). Solids were scraped
fromsides of the jar after each cycle. Orange fragnents were
recover ed Ve 200801eR78d refrigerated, in a dessicator pri GCTUS2@HAINEI S.
(Figure 10). X-ray Powder Diffraction (XRPD) Inel XRG 3000
Diffractoneter X-ray powder diffraction (CRPD) anal yses were
performed using an lnel XRG 3000 diffractoneter equipped with a CPS
(Curved Position Sensitive) detector with a 20 range of 1200. Real
time data were collected using Cu-K a radiation. The tube vol tage and

anper a heoset: to 40 kV and 30 mA ectiyely.. The nochr opat or
STt adfe 8806 s Ry O s s CRtpat ar FEPREFINL G, i Sy S RGh B
2. 5- 40 cOBritionStahr@SRywIed pheRahess frokt o ahsitich dakiRacki ng theminto

thin-wal led glass capillaries. Each capillary was mpunted onto a

goni onet er P(g"éﬁﬂ‘fﬁafﬁ ?@-ﬁ%wﬂﬂlze@ ﬁ‘i’@tlﬁﬁﬁhﬁ Bedierl 1928 Crah &0 elpiin | ary
during dat apagRdt Bi 25-950-10FhatAARNiSHHYE L e hyA&0 380 °8Q01 F]RERRAAS -

I nstrunent calibration was perfornmed using a silicon reference

st andard. WO 2009/ 108730PCT/ US2009/ 035192 PANal ytical X Pert Pro
Dffra : : : A al so anal yzed using a PANal yti cal
PP et SconR bR

X Pert ract onet eci nren was anal yzed using Cu
radi ati on pECydiec @BWsvasg parfor@pti xsihprny FA ninsfrooess X900 cdifferdntial scanning

el lipticall raded multilayer m.rror was used to f t he K a.
% r ays coprintie?c IFCmtls baliont Eihok miERediRl st BRE iy dufignd v
speci matcunacly seudeivdc NEE atwiedverclivethon 1id Rbekinfig MMEiseraiidio¥e €hd Method
transm ssi OP geomat ry, and rotated to Optl mze orientation

stati ste8 & ©OHO¥&am st op and a hel i um purge were used to nininize the
background genghatede By.sab¢ scattering. Soller slits were used for

the incideny %%érdm”d/ﬁﬁh%%obeam to mnimze axial divergence.

Di ffractiongpg DSt e ed using a scanning
posi tion- se%(si]i%({t1 ét gﬁggég@(i@g erator) located 240 mmfromthe

speci men. The %O&Qﬁrﬂinst'o h§Bcparameters of each diffraction pattern

are di spl ayed above the 1 mage O6f each pattern in appendi x data
section, .Prior to the,an si,s a.siligo ecimen (MST standard ..
" of er oMbt S whA O i el sinedng. JBFErGE PasoebtuRs 6h st ron
Si | 1 comaiihda. peak. Tabl e 23: XRPD Peak Positions of Ftifaximn FormC

PiAtion riff; Me 47 (doublet) S6 63 8 6:4 16 73 7:6 (doublet) 160
8...2 10 '9:6

Modulated Differential Scanning Calorimetry (MDSC)

Modulated differential scanning calorimetry (MDSC) data were obtained on a TA
Instruments differential scanning calorimeter 2920 equipped with a refrigerated cooling system
(RCS). The sample was placed into an aluminum DSC pan, and the weight accurately recorded.
The pan was covered with a lid perforated with a laser pinhole to allow for pressure release, and
then hermetically sealed. MDSC data were obtained using a modulation amplitude of +/- 0.8 °C
and a 60 second period with an underlying heating rate of 1 °C/min from 25 - 225 °C. The
temperature and the heat capacity were calibrated using indium metal and sapphire as the
calibration standards, respectively. The reported glass transition temperatures are obtained from

the half-height/inflection of the step change in the reversible heat flow versus temperature curve.
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26 9:5 11 10.2 (*Pie) 6 t0,5 I11.2 (doubtet) 11,9 (doublet) .1:2.2
(Wea) 12:6 kiptintet) " 12,.9 (doubte4 132 tel O Sklet). tin
Tabl e 24: XRPD Peak Positions of Rifaximn Formti Nsit 0 OM

WO 2009/108730 PCT/US2009/035192

Thermogravimetric (TG) Analyses

Thermogravimetric (TG) analyses were performed using a TA Instruments 2950
thermogravimetric analyzer. Each sample was placed in an aluminum sample pan and inserted
into the TG furnace. The furnace was first equilibrated at 25 °C or started directly from ambient
temperature, then heated under nitrogen at a rate of 10 °C/min, up to a final temperature of 350
°C. Nickel and Alumel™ were used as the calibration standards. Methods for specific samples

are referred to as summarized below

Method A:  00-350-10: no initial equilibration; analysis started directly from ambient,
sample heated to 350 °C at 10 °C/min

Method B:  25-350-10: initial equilibration at 25 °C, sample heated to 350 °C at
10 °C/min

Method C:  00-300-10: no initial equilibration; analysis started directly from ambient,
sample heated to 300 °C at 10 °C/min

Spectroscopy
Fourier transform infrared (FT-IR)

The IR spectra were acquired on a Magna-IR 860° Fourier transform infrared (FT-IR)
spectrophotometer (Thermo Nicolet) equipped with an Ever-Glo mid/far IR source, an extended
range potassium bromide (KBr) beamsplitter, and a deuterated triglycine sulfate (DTGS)
detector. An attenuated total reflectance (ATR) accessory (the Thunderdome™, Thermo
Spectra-Tech), with a germanium (Ge) crystal was used for data acquisition. The spectra
represent 256 co-added scans collected at a spectral resolution of 4 em™. A background data set
was acquired with a clean Ge crystal. A Log 1/R (R = reflectance) spectrum was acquired by
taking a ratio of these two data sets against each other. Wavelength calibration was performed

using polystyrene.

Fourier transform Raman (FT-Raman)

FT-Raman spectra were acquircd on a Raman accessory module interfaced to a Magna
860 Fourier transform infrared (FT-IR) spectrophotometer (Thermo Nicolet). This module uses
an excitation wavelength of 1064 nm and an indium gallium arsenide (InGaAs) detector.

Approximately 0.6-2.0 W of Nd:YVO, laser power was used to irradiate the sample. The
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_286.1it " -)8 7.0 100 8.8 12,7 a.lT.=rlatjejnk Table 25: XRPD
Range of Anorphous halo of R faximn Form X-ray Anmorphous Po.'ot, 20

5.1 -

10(anmor phous harange) Op roxunate halo 1x1.') ii 3
WO 2009/108730 PCT/US2009/035192

samples were prepared for analysis by placing the material in a glass tube and positioning the
tube in a gold-coated tube holder in the accessory A total of 256 or 1024 sample scans were
collected from 98-3600 cm™ at a spectral resolution of 4 cm™, using Happ-Genzel apodization.

Wavelength calibration was performed using sulfur and cyclohexane.

Automated Moisture Sorption/Desorption

Moisture sorption/desorption data were collected on a VTI SGA-100 Vapor Sorption
Analyzer. Sorption and desorption data were collected over a range of 5% to 95% relative
humidity (RH) at 10% RH intervals under a nitrogen purge. Samples were not dried prior to
analysis. Equilibrium criteria used for analysis were less than 0.0100% weight change in 5
minutes, with a maximum equilibration time of 3 hours if the weight criterion was not met. Data
were not corrected for the initial moisture content of the samples. NaCl and PVP were used as

calibration standards.

Solid State C Nuclear Magnetic Resonance (NMR)
Samples were prepared for solid-state NMR spectroscopy by packing them into 4 mm
PENCIL type zirconia rotors. The specific acquisition parameters are listed on the plot of the

first full spectrum of each sample in the data section.

XRPD Data for Rifaximin Forms

High resolution XRPD data were collected on rifaximin forms £ and n to identify peak
positions as well as aid in indexing the patterns. Form { was successfully indexed using this data.
Due to the disorder inherent in Form n attempts to index the XRPD pattern were unsuccessful.
The XRPD peak list for rifaximin Form { was generated using the results of the indexed pattern.
XRPD peak lists for rifaximin Form 1 and X-ray amorphous were generated using PatternMatch,
an SSCI software package. The diffractograms were compared to the software generated peak
list to ensure peaks selected were real. Broad and/or low intensity peaks as well as peaks beyond

20 °2 @ were not included in the peak position tables.
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-.8tiM. plim31.0 range) 15.3. appttnnite 11910sn' Azittn) Table
26: Mesyl ate Form Met hods of Making the Mesy ate Formof Rifaximn
Salt Attenpt Method Cbservation Result Mesylate filtrate from

3302- 37- 0IWP2P18§730nbi ent for - 1 hour filtrate initi AARUSBYAOEIMd
smal | quantity of "fluffy" material in suspension after one hour
smal | solids adhered to flask sides crystalli ne,

Preparation Methods For Select Rifaximin Forms
Rifaximin Form { (zeta)

Rifaximin (404.5mg) was slurried in an ethanol/water mixture (2mL/0.5mL) at ambient
temperature for approximately 5 hours. Solvent was removed by decantation and the damp solids
stored in the refrigerator for less than one day prior to analysis by XRPD. Solids were damp prior
to and after XRPD analysis. (Figure 8)

Rifaximin Form 7 (eta)
After a portion of the rifaximin was removed for XRPD analysis the remainder of the
sample was dried under vacuum at ambient temperature for approximately one day. Solids were

stored in a dessicator prior to analysis by XRPD. (Figure 9)

Rifaximin X-ray Amorphous
Rifaximin (50 mg, Form y + n) was ground for three 15 minute cycles in a grinding jar at 30 Hz

(total 45 minutes). Solids were scraped from sides of the jar after each cycle. Orange fragments

were recovered and stored refrigerated, in a dessicator prior to analysis. (Figure 10).

X-ray Powder Diffraction (XRPD)

Inel XRG-3000 Diffractometer

X-ray powder diffraction (XRPD) analyses were performed using an Inel XRG-3000
diffractometer equipped with a CPS (Curved Position Sensitive) detector with a 20 range of
120°. Real time data were collected using Cu-K o radiation. The tube voltage and amperage were
set to 40 kV and 30 mA, respectively. The monochromator slit was set at 1-5 mm by 160 pm.
The patterns are displayed from 2.5-40 °2 8. Samples were prepared for analysis by packing
them into thin-walled glass capillaries. Each capillary was mounted onto a goniometer head that
is motorized to permit spinning of the capillary during data acquisition. The samples were
analyzed for 300 seconds. Instrument calibration was performed using a silicon reference

standard.

61



WO 2009/ 108730PCT/ US2009/ 035192 Table 27: Formt Methods of Making

the Form'of R faximn Solvent Conditions Cbservation XRI'D Resultb
Met hanol CC red orange, bl ades, single and in spherulites,

bi ref ri ngehP 2009188334 ed or ange, dendridic formations, biFCIfUSRMYEFH%
| NCORPORATI ON BY REFERENCE

PANalytical X'Pert Pro Diffractometer

Samples were also analyzed using a PANalytical X'Pert Pro diffractometer. The
specimen was analyzed using Cu radiation produced using an Optix long fine-focus source. An
elliptically graded multilayer mirror was used to focus the Cu K ¢ X-rays of the source through
the specimen and onto the detector. The specimen was sandwiched between 3-micron thick
films, analyzed in transmission geometry, and rotated to optimize orientation statistics. A beam-
stop and a helium purge were used to minimize the background generated by air scattering.
Soller slits were used for the incident and diffracted beams to minimize axial divergence.
Diffraction patterns were collected using a scanning position-sensitive detector (X'Celerator)
located 240 mm from the specimen. The data-acquisition parameters of each diffraction pattern
are displayed above the image of each pattern in appendix data section. Prior to the analysis a
silicon specimen (NIST standard reference material 640¢) was analyzed to verify the position of

the silicon 111 peak.

Table 23: XRPD Peak Positions of Rifaximin Form {

Puositiomn {359 Tis®
47 {doublef) 39
&5 B
&4, 14
76 (oublen) 10H
82 10
R 24
25 12
10,2 éinpled) 6
1.3 4
11.3 {36ubiss i
£ 1.9 {houblel) 5
132 wesky 3
1206 Eoninget). %
12,9 (donblet) 7
13.2 {doyblen 3

A Te=selalios nitenity.
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The contents of all references, patents, pending patent applications
and published patents, cited throughout this application are hereby
expressly incorporated by reference. EQU VALENTS Those skill ed
in the artW@i2p09/1p88bgni ze, or be able to ascertain usi RETS20A9/08519han
routi ne experinentation, nmany equivalents to the specific enbodi nents
of the invention described herein. Such equivalents are intended to
be enconpassed by the following clains. Wat is clained is: 1.

Pol ynor phic Form Th Form or Form nesylate of rifaximn. 2. The

pol ynorph Formi of claim1, wherein the polynorph exhibits an X-ray
powder C t istic peaks expressed in
degr ees’ldd’;)ﬁef;‘ta XRPB IF@B Iﬁ»&@gﬁg‘(ﬁﬂﬂaﬁﬂ?ﬁ ﬁﬁ}lﬁf" degrees 2-0. 3.
The polvnoroh Féﬂﬁﬁ-flﬁﬁﬁalaln1l wher ei #¥fe pol yior ph exhibits an
X-ray ppwder diffraction pattern having characteri $tic peaks
expressed in degrees 20 (+/- 0.20|degree @) at 6.1] 7.3, and 7.9
degrees[ Z2-0. 4. Ine-polynnrpn Forfm i of Qha|n11 vherein the

pol ynor ph—exhibits—aiX-ray powder—di-f-fragti-on—pattfern having
char act ersti+e peaks'exprcsscd :”.degfeec‘t’n (+—0. 20 degree 0) at
6.1, 7.B,and 8 8 degtees 2-0 5| The pol®¥morph Formn of claim1,

wher ei n_t he pol ynor §& exhibits an X-ray pdéder difiraction pattern
havi ng characteristitztpeaks expregsed in degrees 20 (+/- 0.20 degree
0) at 6.1, % 3Lantkiddusfadegrees 2-0. 6. The polynorph Form 71 of
claiml, wherein the pol ynorph exhibits an X-ray powder diffraction
pat t er Tabiad5 gXRRBrRatge of Ao phesdalesfRifadmin Form &5raesmatphons - 0. 20
degree [0) at 8.8 degrees 2-0. 7. The polynorph Formri
of claimi ‘Aheyq{’:{nape%}"mmh exhi bits an X-ray powder
diffractléh*né?ﬂéﬁ*qﬁﬂﬁméﬁ%ﬁﬁﬁ%ﬁter|stic peaks expressed in degrees
20 (+/-| O. QEi&ie;gdeamqﬁ)hmnﬁxﬁnmﬁ)S and 7.9 degrees 2-0. 8. The
poIynDrph;femn#g{ﬁﬁaﬁygugﬂ?i%pg{e|n t he pol ynorph exhibits an X-ray
powder £ % A havth haracteristic peaks expressed in
degr ee 24" ﬁ*Pm“ﬁ\“ ﬂﬂgﬁhﬁgjﬁmm9¥ 53, 6.1, and 7.3 degrees 2-0. 9
The polynnrph Form 1 of cIa|n11 wherei n the pol ynorph exhibits an
X-ray powder diffraction pattern having characteristic peaks

expr es Jedld 2%: desyeas F3Pm( +/ - 0. 20 degree 0) at 5.3, 6.1, and 7.9

degr eeMethdls of MikinkRe PREYMACFBAN GOR MiMiPT claim 1, wher ein t he
pol ynor ph exhi bits ‘an X-ray pomder dlffractlon pattern haV|ng

characteristic pefRSgEKPI€SSed 1M _degrees 20 (/- 20 degree 0) at
5.3, 6.1, and 12.7 degsges 2- @Tcthod] ~The Qhsyr ph| F&&SHEn bf claim 1,
wherein the pol ynprph exhilbits an X-rgy piessigiiaigli Tfraction| pattern
havi ng characteri stic peaks expressed |i ncodegdesdl 20 (+/- 0f 20 degree
0) at 5.3, 6.1, anhd 7.5 degy ddgtcson r@mmWWéfbﬁf hor ph Formri of
claim1, wherein { hme@laieyrm?% ‘3{ ?ﬂkﬁ‘t pateat i owglmuneli ffraction
pattern having characteri $ti ¢ .pa pré1 degrees 2p (+/ - 0.20
degree 0) at 5.3,[6.1, and 8.8 degrees MMMIEK) The pol ynprph Formr
of claim1, where|ln the pol ynorph exhlbltg%aﬂ@g-ray powder
diffraction pattern having characteristic peaks expressed I n degrees
20 (+/- 0.20 degree 0) at 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7 degrees
2-0. 14. The pol ynorph Form 11 of claim 1, wherein the pol ynorph
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3,
7.5, 7.9, 8.8, 12.7 degrees 2-0. 15. The polynorph Form 11 of claim
1, wherein the polynorph exhibits an X-ray powder diffraction pattern
havi ng characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.3, 6.1, 7.3, 7.9, 8.8, and 12.7 degrees 2-0. 16. The

pol ynorph Formri of claim11, wherein the polynorph exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
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17. The polynorph Form 1 of claim 1, wherein the pol ynorph exhibits
an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.5,
7.9, 8.8, ¥AA0920873Hegrees 2-0. 18. The pol ynor ph For RCE/USR00OINM 1,
wherein the pol ynorph exhibits an X-ray powder diffraction pattern
havi ng characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0) at 5.9 0.1; 7.9 0.1; 9.0 + 0.1; or 12.7 0.1; 13.9 0.1; 14.9
0.1, or 5.9 0.1, 7.9 + 0.1, 12.7 0.1; or 5.9 0.1; 9.0 0.1; 12.7
0.1; or 5.9 0.1; 13.9+ 0.1; 14.9 0.1; or 5.9 0.1; 7.9 OA 14.9
0. 1; le02,70&,1,"]”127 0.1, 14.9 0.1; or 5.9 0.1; 7.9 0.1; 9.0
0. 1; ‘{g R o Fite®lnoihd ol v FRidxdin0- 10 9.0 0.1; 12.7 0.1; or 5.9
01 %fMg’lBlg FEJ lc;]f1x1n
Solvent Conditions Observation I);::ﬁ]?h
red orange, blades,
single and in
cC spherulites, '
Methanol birefringent
red orange, dendridic
sSC formations, 1
birefringent

INCORPORATION BY REFERENCE
The contents of all references, patents, pending patent applications and published patents,

cited throughout this application are hereby expressly incorporated by reference.

EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.
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0.1; 12.7 0.1; 13.9 0.1; 14.9 0.1. 19. The polynorph Formt of
claim1l, wherein the polynorph Formt exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.9 0.1; 7.4 0.1; 7.9 0.1, 9.4 0.1. 20.
The pol ynorph Formiof claiml, wherein polynorph Formt exhibits an
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 7.4 0.1; 20.0 0.1,

20. 9 OWhat is2laimédh&: pol ynorph Form | of claim 1, wherein the pol ynoi ph
Formt exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.9 011; 1Bo9molbhls Fokfh 1 Fofin L or Fo%n mESRaR @k iMAR Form t of claim 1,
wherein the polynorph Formt exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree,0) a 1 0 r.ph
Formt of cfrhggn &mop he?%rl%gn cqaujnl yﬁl’rl%ﬁm& I%OP' -B(’nﬁ]slpsaénryg?rragf owder
powder didirfdtioaphitern hpeint ehr{rachawtm pedBaxpetediis tiegreq:sez@k(s/ aqir d&egsed) ians. 1,
degr ee 20(é+§- O.Z%degree 0) at 5.9 0.1; 13.9 0.1; 14.9 0.1;

20.0 03120d)p3 geerees¥-9. 24 The pol ymorph Formt of claim1, wherein
the polynorph Formt exhibits an X-ray powder diffraction pattern
havi ng characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 7. 4 ®hepolymomph Borm nid daimpl,jwherginghe polymorpts exhibies o Ky metvder
Formt I

pomderdgfr?&()ﬁgtmlt %nﬁ hggﬁ g}rl%a %\%tlgg)g%iﬁ%&gc? g?ing}td%%gpeaas_} Z)x%]pde se?jlatﬁl
degr ee8.32hd A9 dedded@-tlegree 0) at 5.9 0.1; 7.4 0.1; 7.9 0.1, 12.7
0.1; 13.9 0.1; 14.9+ 0.1; 20.0+ 0.1; 20.9 0.1; 23.4 0.1. 26. The
pol ynorph Form |l of claim1, wherein the polynorph Formt exhibits an
X-ray powderhélpblymdeihl PotnPatdfelamhBVivRGeia NBE d6lyRidrs bfhiBIeAHS X-ray powder
expressed in dg @eegﬂho £+ﬂ- 0.20 degree 0) gtygfgﬁi 7.4 yf

7.9 odiffragsiop pgitern hgving gharactarsstip pakp.exprgssgd gn desrges, 296% 0. %bdqgrep 6 at6.1,
20.9 03 llEﬁﬁ égge% 2.@7. The polynorph Formt of claiml, wherein the
pol ynor ph Form t exhr its an X-ray powder diffraction pattern havi ng
characterlstic peaks expressed in degrees 20 (+/- 0.20 degree 0) at

5. 0.1, .20.0 .0..1; 20. 0..1; or.59.0.1;

13 9 iﬁe BO'YES‘OEPh ﬁrrmrmrf Qpirp. 1. pyhepeinghg Poﬁ/ﬁoﬁplb?ﬁh,l'gl?s?‘hx'r@? Powgpr
20.0 Qrfﬂ:actﬁﬁ thterQ having Shatactélislic p@iksexPresded In ddardes®.(31- 020 1@rek;0) 226.1,
0.1; 13.9 0.1:; 14.9 0.1; 20.0 0.1; 20.9 0.1; 23.4 0.1; or 5.9 0.1;
7.4 073 anri@7r1ﬁg1@eS§94 0.1; or 7.4 0.1; 20.0 0.1; 20.9+0.1; or
5.9+ 0.1; 7.4 0.1; 7.9 +0.1; 9.0+0.1; 9.4 0.1; 12.7 0.1; 13.9 0.1;
14.9 0.1; 20.0 0.1; 20.9 0.1; 23.4 0.1. 28. The polynorph Formt
of cl abm 1, ThvheelgimerpghhEorpohyafolpm Fowlmarcinetkhipblylmrldhe&hilpi&yarp&waerpowder

di ffragtjo ern_havi har.acteri stic S _ex e

20 (+ SRIRERNFh el spHatGRE PR ARyoSegR IR (Bt U G R oy i 3081
13.9 0.5land1$l8 Qegres-0. 29. The polynnrph Formt of claim1, mherein
t he pol ynorph Formt exhibits an X-ray powder diffraction pattern
having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.9  Bnd nolfmrptOFdim §- & Gaitkr [, wibreifNfe ROIYIERSIP BxiRtsd X%hy Go@
1, wherein the %gm'%prph Fﬁrn1tmexh|b|gg aneﬁ ?éy powd lggshlffr§¥?b de?
pat t er diffraction gaéérahacing charagterispic pkaksexpresssd dul degreatSfr(ee . 200degree-0) @t Q@,
degree7g) %57&8 leecdd: 13.9 0.1; 14.9 0.1. 31. The pol ynor ph Form
t of clatf WHergin 't he ponnDrph Form 1. exhibits an X-ray powder
diffraction pattern havrng characteristic peaks expressed in degrees
20 (+/- 0.2 ree 1, 7.9 0.

pol ynmofph %}r“iﬂ’ yeprpgr BoTH n of va(iemelanwleqrenﬁér ya@mﬁplrer*ﬂblfs e&ﬁ. rrertpe“'éﬁr
X-ray Wﬁn%ﬁt&ﬁ%ﬁh @hd?@étér@ﬁ@ ﬁ&'eﬂ&e%éﬁﬁ@égéés%'(¢/-®eﬁ]k<§egree el at 5.3,

B
expressed in degrees 20 (+/- 8 degree O
6.1, and 7.3 degrees 2-6.
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33. The polynorph Formt of claim11, wherein the pol ynorph Formt
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9 0.1; 13.9
0.1; 14.9 0.1. 34. The polynmorph Formt of claim1, wherein the

pol ynmorph Formt exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.9 0.1; 7.9 0.1; 14.9 0.1. 35. The polynmorph Formt of claim1l,
wherein the polynorph Formt exhibits an X-ray powder diffraction
pattern havi ng characteristic peaks expressed in degrees 20 (+/- 0.20
degr ee%0) afhopegmerphiborm g of .clajm § Wltﬁrq_m the golyroenth sxhybitsr #h Xpay potvder
of cla [ f
dlffrag@?%ﬁo ?%%?ﬁa%ngfﬁg&% lg F%?I %§§g2§§%£§§§?efée in%§g§?8%%3’
20 (+/610ar21091é@r%269 at 5.910.1; 729 10.1; 9.0 0.1; 14.9 0.1.
37. The polynorph Formt of claim11, wherein the ponnDrph Form t
exhibits an X-ray powder diffraction pattern having characteristic
peaks eo(pr %E@ﬂolﬂoﬂﬁgl”ﬁﬁﬁnm dlaifn- 1,0wZDeidalé @elyorpt exhiBitsOanl X-rdy %owder
0.1; 9.0 0.1; 12.7 0.1. 38, The nmesylate Formof_ claiml1, whe

t he rreg‘ﬁf%t’tlén paitsr bpvipg characisristic praksieraressed ja ?%%Feeﬁc?\ﬁdét" 0d°10f4e|g'é?€t9l) 6’h5 3,
patter@Ihﬁﬁpmgy e@g&prlstlc peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.3 .10; 8.46 0.10; 10.95 0.10; or 5.34 0.10;

6.93 + 0.10; 8.46 0 10 or 5.34 0.10; 10.95 0.10; 16.23 + 0.10;

17.70 .1 0, §&. .10: . 6 . 1Q° 95 .10; or
To: 23 b 1omehotbdiph Pan o fm b-vitgreitignd Golyrofihi edihitoun f-rkdpofer
16. 23 d@fxa’kﬁon jﬂtte?ﬁ) ha¥ing Ohard@er®¥ic pBakk@xp2gsed Tn débrddd;20qr/-D. Bdegfre BY at 5.3,
16. 23 8. 70 0.10; or 5.34 0.10; 6.93 0.10; 7.41 0.10; 8. 46
0. 10; 46, 85 7.5 agees 295  + 0.10; 16.23 0.10; 17.70 0.10; 17.94
0.10; 19.29 0.10; 22.77 0.10. 39. The nesylate Formof claim]1,
wherein the mesylate Formof rifaximn exhibits an X-ray powder

di f fra&?i onllpapelemarphakierpgn e aplaimt brvikareia tbeaklslmem edilits am}idegrpeeder
0,10 31BechOp Bt Gatihe Bhardetibio BeadQieyBipiida i adhony Sol s ghaopltpioyae 33

10. 62 6.0, &(@;8.8 BeP&es 208.10; 16.23 0.10; or 6.93 0.10; 8.46 O0.10;

10. 62 0.10; 10.95 0.10; or 10.62 0.10; 10.95 0.10; 16.23 0.10;
17.70 0.10; 17.94 0.10; or 6.93 0.10; 7.41 0.10; 8.46 0.10; or

5. 34 @3 10; Ti® %&ym@rplaoForK} g-}:'of dhifk01, vifer&4 thd p@%mo xhikits eQr 5((}51 go%er
0. 10; 41 0.10; 0; 10.62 0. 10; 0. 10; 10;
7.41 cblfft@noe pa\eern having chayagieristio peaks cxpressd nt)dqay?esﬁ_@ (25 0. ?@. dpetee&a at 6.1,

0 10, 18 5 PoHb M PIgbelaal 19 00 U0 1025 77 0. 10, 24 81

0.10; 27. 81 0.10. 40. The nesylate Formof claim1l, wherein the

mesyl a m of rifaximn exhibhit n X-r owder, dif.fract]

ot Y or Kenay Pt EHGn ot it Sk ol abPhoaty PGS (Ry pgvdey

degr eedi@fractibn pat®dn Qavilg cl@ar&iﬁerls@c }a@aks?exér ssef inl Begrees®Y.(+/1 Wﬂz@rlﬂé‘gbéle@) 8t 5.3,
0 [

Formof claim1, wherein the nesylate rmof rifaximn e its an
X-ray Pdwdés7- 1% B2 dieet £Pn havi ng characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.34 0.10; 7.41

0.10; 8.46 0.10; 10.62 0.10. 42. The nmesylate Formof claim1,

wher ei h5.t heTlufepoylb/mt)mhFﬁrrm gfofrdldfimx ], mvirerein tthd:)pblszmrptv(exttilgdtspmﬂeay powder

diffra havi n har.act |stic S _ex

20 (+ ¢ gltf é&i; aﬂ?g aleaq%c%gﬁtw@e% exgreasg 5%%5%8?%/8 %d%? J%gree atgé.?,,
0. 10; @@ 23 7@ g1€).and 437 dEgyeegmeyl ate Formof claim1l, wherein the
nesylate Formof rifaxinin exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 6.93 0.10; 8.46 0.10; 10.62 0.10; 10.95 0.10. 44.
The nmesylate Formof claim 1, wherein the nesylate Formof rifaximn
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54. The nesylate Formof claiml, wherein the nesylate Form of
rifaximn exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
16.23 0.10; 17.70 0.10; 17.94 0.10; 19.29 0.10; 22.77 0.10. 55.
The mesylate Formof claim1, wherein the nesylate Formof rifaximn
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 16.23 0.10;
17.70 16. 10Thd BoBfhorgh Efim A2f7olainD 1 @hereinSe pbhiendipts ¥kidbits mOXa9fpowder
claim1, wherein the nesylate Formof rifaximn exhibits an X-ra
powder ddfraqtion peitesn having &ﬁﬁaﬂaﬁtﬁ@ee@ﬁaﬁ%% fegress2/ -kt @@g@of%iahs-l
degreeg 1203(75-3 8 .40 199HERD).0at 5.34 0.10; 16.23 0.10; 17.70
0.10. 57. The nesylate Formof claim|, wherein the mesylate Form of
rifaximn exhibits an X-ray powder diffraction pattern having

characteri sty c aks .express i.n degrees 20 (#/- Q.20. ree Q) at
530" 8710; Th BESRETHEFART 36 ity LGhGER 2 piiSmiosth SRBRTHF Kb gBvcer
0.10; d6fradionPattérn hdiving @harfictdi@sticbéal@lexpissded;in #9graddd 200(:+1-0).2(Rdegrek 0) at 5.3,
0.10. 58, The Formti or Formi, of rifaximn of claim1l, wherein
the poPymbfph>chntd:dad l&ddegtsi?-Bos by wei ght total inpurities. 59.
The Form Form or Form nesylate of rifaximn of claiml, wherein the

formis at |east 50% pure, or at |east 75% pure, or at |east 80%
pure, &8 at Thepslymoas powe ! ofclam |.eukareigshs polvaorpy extibitears X-ggopowder
pure. [ [ 0

P s AL Pl SATRORGL AR LA, S0 a7 & 59
phar magdul;icakloyl; oce i Blok d2Far 0iled3.9 360.1; Fhe+phgroreceutilicalo £ 0.1; 12.7 +

conposi tion_of c]ai Q, rther conpr.i si one ar re ] .
phar mabaier Gt Jebb B s e Eras s 017 18 UE A0 LB oot i 79 £ 0.1
conposii4 bany of o0 @i, £ 112 Whereila othe. 135 phemt; LONY, ;L6 AL 130 FPMNeor
of a diluting agent, binding agent, |ubricating agent, disintegrating
agent , S&ct 84i R “a8enP-0 ¥ DAy 2.7 Agl-Agent.? érO-l:;vVe%théhﬁngO adehitl2.7 3.1, The +
phar rnat@guﬁ,_il E%IO gonposi tion of claim60, fornmulated as coated or

uncoat ed’ tfablets, hard or soft gelatin capsules, sugar-coated pills,

| ozenges, wafer sheets, pellets or powders in seal ed packets. 64.The

phar maceuti cal conposition of. ¢cl.aim 60, fornmul ated far topical us
Do TG LERS pESHRGRFOBT  BitaTiR Tobbersin e maimorely Far S afbite B e
For m opowddranifiattion Sttt Baviify EHap@idriREe pBAke \e@petsad iP degdbdse2d @Y1 MYO Begree
bowel related disorder in a subL{ ect in need thereof 66. The use

accor dfh# %t 8ila7 b1 Thelel; 9-4Hh8 1subj ect is suffering fromat |east
one bowel related disorder selected fromthe group consisting of
irritable bowel syndrone, travelers' diarrhea, small intestinal

bact er &l oVhke polpmbiph I@rmhbfsladinske adereic holgmomphpgammor eahitits an X-ray powder

pancreatjc insufficiency enteritis and coli.tis. 67, A ess f.or

D oduc AASHSP PR JPViRE AR SRS SPHG ) KRG Borth( s D20 Aeati i 2 7.4
68. A proces® 106.1pr009being a nesylate Formof rifaximn conprising
the conditions set forth in Table 26. 69. A process for producing
Form 1l of rifaximn conprising performng the conditions set forth in
Tabl e ) r ugi ran.r i 0 AR _
conpri gling EQ%J?@SF’[‘@?‘F%@ (ri:eO fﬁ’?ﬁ?ﬁ g’l\w orfgﬂsﬂple r]'i]IO Pﬁ%orérljrlafg%élrlmséekp 1b13t8ra%] hXirfr?’
Tabl e p@wdqrﬂiffraﬁtiqn_r pgt@_ss?ﬁ@ng @Tami:%ﬂris_ti? peaks ex pregeed ﬂli flegceesi 20 (0‘15{1@)?@ di:g;ge
preci pit atd f iti. of rifaximn in the nmanner set fort
in Tabla)e%5%995223.'b27&21.’61,&'iﬂ|9p'q?0r treating a bowel disorder in a

subj ect, conprising Form 11 of rifaximn and instructions for use.

73. A Backa ed conposition caonprising, a therapeutically effective
anount 24 ohle BpPIYRSFRD Bty L ob sy LASheiein e peimpEplmFAr A exjibits an X-ray

phar mP@w&érQﬂfﬂa}fﬁ(ﬂ'F HRdVEn £ A BisRE peliks WRPHesse B HEdBest IEG/- 0.20 degree

conposition 1s fornulated for treating a subject suffering fromor
0) at 20.0+0.1; 209+ 0.1;23.4 £ 0.1.
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75. The Formfi of rifaximn of claiml, conprising an XRPD pattern
substantially simlar to Figure 3 as shown bel ow. - XRPD Pattern of
Ri faximn Formq 055 015 El MD140 76. The Formri of
rifaximn of claim1, conprising an XRPD pattern substantially
simlar to

23.  The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
8)at59=0.1; 13.9+0.1; 149+ 0.1; 20.0 £ 0.1; 20.9 = 0.1.

24.  The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

8)at7.4+0.1;12.7+0.1; 13.9+0.1; 23.4 £ 0.1.

25.  The polymorph Form u of claim 1, wherein the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
0)at59+0.1;74+£0.1;79+0.1; 12.7+£0.1; 13.9+0.1; 149+ 0.1; 20.0 £ 0.1, 20.9 £ 0.1, 23 4
+0.1.

26.  The polymorph Form t of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 28 (+/- 0.20 degree
0)at5.9+0.1;74+0.1; 7.9+0.1; 9.0+ 0.1; 9.4 £ 0.1; 12.7 £ 0.1; 13.9 £ 0.1; 14.9 £0.1; 20.0 +
0.1; 20.9+£0.1;23.4+£ 0.1

27.  The polymorph Form 1 of claim 1, wherein the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
0)at5.9+0.1; 13.9+0.1; 14.9+0.1; 20.0£0.1; 209+ 0.1; or 5.9+ 0.1; 13.9+ 0.1; 149+ 0.1;
or 7.4+ 0.1; 127+ 0.1; 13.9+0.1; 23.4 £ 0.1; or 20.0 £ 0.1; 20.9 £ 0.1; 23.4 = 0.1; or 5.9 £ 0.1;
74+0.1;79+0.1;12.7+0.1;13.9+£0.1; 14.9 £ 0.1; 20.0 £ 0.1; 20.9 £ 0.1; 23.4 £ 0.1; or 5.9 +
0.1;74+0.1;79+0.1;94+0.1;0r 74 £ 0.1; 200 £ 0.1; 209+ 0.1; or 59+ 0.1; 7.4+ 0.1; 7.9
£0.1;9.0+0.1;9.4+0.1; 12.7+0.1; 13.9+0.1; 14.9£0.1;20.0 £ 0.1; 20.9 £ 0.1; 23.4 £ 0.1.

28.  The polymorph Form t of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 28 (+/- 0.20 degree

0)at59+0.1;79+£0.1;9.0+£0.1; 12.7+ 0.1; 13.9 £ 0.1; 14.9+ 0.1.
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Figure 9 as shown bel ow - 77. The Formt of rifaximn of claim1,
conprising an XRPD pattern substantially simlar to Figure 11 as
shown below - 1 01 be

29.  The polymorph Form u of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
0)at5.9+0.1; 79£0.1; 9.0+ 0.1.

30.  The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
0)at 12.7£0.1; 13.9+£0.1; 149+ 0.1.

31.  The polymorph Form 1 of claim 1, wherein the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
) at5.9+0.1;7.9+0.1; 12.7 = 0.1.

32.  The polymorph Form 1 of claim I, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0)at5.9x0.1;9.0+£0.1; 12.7+ 0.1.

33.  The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 28 (+/- 0.20 degree
0)at5.9£0.1;13.9£0.1; 149+ 0.1.

34.  The polymorph Form i of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (-+/- 0.20 degree

9) at5.9+0.1;7.9+0.1; 14.9+0.1,

35.  The polymorph Form u of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

8)at9.0+£0.1; 12.7+0.1; 14.9£0.1.

36.  The polymorph Form 1 of claim 1, wherein the polymorph Form u exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0)at5.9+0.1;79+0.1;9.0£0.1; 149+ 0.1.
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37.  The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
) at5.9+0.1;7.9+0.1;9.0+0.1; 12.7+ 0.1.

38.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 + 0.10; 8.46 £ 0.10; 10.95 £ 0.10; or 5.34 = 0.10; 6.93 + 0.10; 8.46 + 0.10; or 5.34 +
0.10; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 £ 0.10; or 7.41 £ 0.10; 8.46 = 0.10; 10.62 = 0.10; 10.95 +
0.10; or 16.23 £ 0.10; 17.70 £ 0.10; 17.94 £ 0.10; 19.29 + 0.10; 22.77 = 0.10; or 16.23 & 0.10;
17.70 = 0.10; 19.29 + 0.10; 22.77 &+ 0.10; or 5.34 £+ 0.10; 16.23 + 0.10; 17.70 £ 0.10; or 5.34 +
0.10; 6.93 £ 0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 + 0.10; 10.95 + 0.10; 16.23 % 0.10; 17.70 +
0.10; 17.94 £ 0.10; 19.29 £ 0.10; 22.77 £ 0.10.

39.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 534 £ 0.10; 6.93 £ 0.10; 7.41 £ 0.10; or 5.34  0.10; 7.41 % 0.10; 8.46 + 0.10; 10.62 = 0.10;
or 5.34 £0.10; 8.46 £ 0.10; 10.62 £ 0.10; 10.95 = 0.10; 16.23 £ 0.10; or 6.93 £0.10; 8.46 £ 0.10;
10.62 = 0.10; 10.95 £ 0.10; or 10.62 £ 0.10; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 &+ 0.10; 17.94 +
0.10; or 6.93 +£ 0.10; 7.41 £+ 0.10; 8.46 £ 0.10; or 5.34 + 0.10; 6.93 + 0.10; 7.41 £ 0.10; 17.94 +
0.10; or 5.34 £ 0.10; 6.93 = 0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; or 5.34 £+ 0.10; 6.93 +
0.10; 7.41 £ 0.10; 8.46 = 0.10; 10.62 £ 0.10; 10.95 £ 0.10; 16.23 &+ 0.10; or 5.34 £ 0.10; 6.93 +
0.10; 7.41 £ 0.10; 8.46 = 0.10; 10.62 = 0.10; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 £ 0.10; 17.94 +
0.10; 22.77 £ 0.10; 24.81 £ 0.10; 27.81 = 0.10.

40.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 + 0.10; 6.93 + 0.10; 7.41 £ 0.10.
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4]1.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 £ 0.10; 7.41 £ 0.10; 8.46 = 0.10; 10.62 £ 0.10.

42,  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 534 £ 0.10; 8.46 + 0.10; 10.62 £ 0.10; 10.95 £ 0.10; 16.23 % 0.10.

43.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

9) at 6.93 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; 10.95 £ 0.10.

44.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0) at 10.62 = 0.10; 10.95 + 0.10; 16.23 & 0.10; 17.70 £ 0.10; 17.94 £ 0.10; .29 £ 0.10.

45.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 6.93 £ 0.10; 7.41 £+ 0.10; 8.46 + 0.10.

46.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 £ 0.10; 6.93 £ 0.10; 7.41  0.10; 17.94 + 0.10.

47.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 £ 0.10; 6.93 + 0.10; 7.41 £ 0.10; 8.46 = 0.10; 10.62 = 0.10.

48.  The mesylate Form of claim I, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 + 0.10; 6.93  0.10; 7.41 + 0.10; 8.46 = 0.10; 10.62  0.10; 10.95 = 0.10; 16.23 + 0.10.
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49. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree
0) at 5.34 £ 0.10; 6.93 & 0.10; 7.41 + 0.10; 8.46 + 0.10; 10.62 = 0.10; 10.95 + 0.10; 16.23 = 0.10;
17.70£0.10; 17.94 £0.10; .29 £ 0.10; 22.77 £ 0.10; 24.81 £ 0.10; 27.81 £ 0.10.

50. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 £ 0.10; 8.46 + 0.10; 10.95 + 0.10.

51.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 £ 0.10; 6.93 £ 0.10; 8.46 = 0.10.

52. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 + 0.10; 10.95 £ 0.10; 16.23 + 0.10; 17.70 + 0.10.

53. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 7.41 £ 0.10; 8.46 + 0.10; 10.62 = 0.10; 10.95 £ 0.10.

54.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0)at 16.23+0.10; 17.70 £ 0.10; 17.94 & 0.10; 19.29 - 0.10; 22.77 + 0.10.

55.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (-+/- 0.20 degree
0)at 16.23+0.10; 17.70 £ 0.10; 19.29  0.10; 22.77 £ 0.10.
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56. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree

0) at 5.34 £ 0.10; 16.23 £0.10; 17.70 £ 0.10.

57.  The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
8) at 5.34 £ 0.10; 6.93 £ 0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; 10.95 + 0.10; 16.23 = 0.10;
17.70 £ 0.10; 17.94 +0.10; 19.29 + 0.10; 22.77 £+ 0.10.

58.  The Form m or Form 1 of rifaximin of claim 1, wherein the polymorph contains less than

5% by weight total impurities.

59. The Form 1, Form 1, or Form mesylate of rifaximin of claim 1, wherein the form is at
least 50% pure, or at least 75% pure, or at least 80% pure, or at least 90% pure, or at least 95%

pure, or at least 38% pure.

60. A pharmaceutical composition comprising one or more of a Form 1, Form 1, or Form

mesylate forms of rifaximin and a pharmaceutically acceptable carrier.

61. The pharmaceutical composition of claim 60, further comprising one or more

pharmaceutically acceptable excipients.

62.  The pharmaceutical composition of claim 61, wherein the excipient comprises one or
more of a diluting agent, binding agent, lubricating agent, disintegrating agent, coloring agent,

flavoring agent or sweetening agent.

63.  The pharmaceutical composition of claim 60, formulated as coated or uncoated tablets,
hard or soft gelatin capsules, sugar-coated pills, lozenges, wafer sheets, pellets or powders in

sealed packets.

64.  The pharmaceutical composition of claim 60, formulated for topical use.
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65.  An effective amount of one or more of Form 1, Form 1, or mesylate Form of rifaximin for

use in treating, preventing or alleviating a bowel related disorder in a subject in need thereof.

66.  The use according to claim 65, wherein the subject is suffering from at least one bowel
related disorder selected from the group consisting of irritable bowel syndrome, travelers’
diarrhea, small intestinal bacterial overgrowth, Crohn's disease, chronic pancreatitis, pancreatic

insufficiency, enteritis and colitis.

67. A process for producing Form 1 of rifaximin comprising drying Form ¢ of rifaximin.

68. A process of producing a mesylate Form of rifaximin comprising the conditions set forth
in Table 26.

69. A process for producing Form t of rifaximin comprising performing the conditions set
forth in Table 27.

70. A process for producing Form 1} of rifaximin comprising precipitating the initial forms in

the manner set forth in Table 17.

71. A process for producing Form n of rifaximin comprising precipitating the initial forms of

rifaximin in the manner set forth in Tables 20 — 22.

72. A kit for treating a bowel disorder in a subject, comprising Form 1 of rifaximin and

instructions for use.

73. A packaged composition comprising, a therapeutically effective amount of one or more
of a Form m, or Form 1 of rifaximin and a pharmaceutically acceptable carrier or diluent, wherein
the composition is formulated for treating a subject suffering from or susceptible to a bowel
disorder, and packaged with instructions to treat a subject suffering from or susceptible to a

bowel disorder.
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8,4(61.1 XRPD pattern of Rifaximn, Formlota.(Figure 11). 78,
The mesylate Formof rifaximn of claim1 conprising an XRPD pattern

substantially simlar to Figure 15 as shown below.- [IIl, los ," . | 1
1 Q, v, t. 11 .1 'A.

74. A mesylate form of rifaximin.

75. The Form n of rifaximin of claim 1, comprising an XRPD pattern substantially similar to

Figure 3 as shown below:-

XRPD Paitern of Rifaximin Form n

1

"Asinory yrgoat

(Figure 3).

76.  The Form m of rifaximin of claim 1, comprising an XRPD pattern substantially similar to

Figure 9 as shown below:-
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A- 10,, 00 8 00 30 30 40 XRPD pa tern of Maxinma Mesylate Salt.
79. The Formt of claim11, conprising thermal data substantially
simlar to Figure 31 as shown bel ow. - Thermal data for Rifaxhatn,
Formt
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77.  The Form 1 of rifaximin of claim 1, comprising an XRPD pattern substantially similar to

Figure 11 as shown below:-

4

e

Aritray v acais

R B
E 15 |
XRPD pattern of Rifaximin, Form Iota. (Flgure 1 1)
78.  The mesylate Form of rifaximin of claim 1 comprising an XRPD pattern substantially

similar to Figure 15 as shown below:-
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77 80.The Formi .
substantially simlar to Figure 34 as shown bel ow -
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imn, Formt 0000

(Figure 34).
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XRPD pattern of Rifaximin Mesylate Salt.
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shown below:-
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conpri sing proton NVR spectrum

Prot on NWMR

(Figure 15).

The Form 1 of claim 1, comprising thermal data substantially similar to Figure 31 as

(Figure 31).



The Form v of claim 1, comprising proton NMR spectrum substantially similar to Figure

80.

34 as shown below:-

Proton NMR spectrum of Rifaximin, Form 1
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(Figure 34).
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