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RELATED APPLI CATI ONS This application clainms the benefit of US
Pr ovi si on i ion No.: 61/031, 329, filed Februar { he
entire coﬁ‘?g?{?@hg@%mhi ch are expressly incorporated heypeclzrﬁusa@ng}a%wz
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 antibacterial 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 RORvSHPRIRASAMINaANDI f$BS THRRE®FChar act eri zed
by a negligible system c absorption, due to its chem cal and physical
char actrlSTED 2 PPDESLVIONME J.J. et aL Pharnzacokinetic study of
rifaxinzin after oral admnistration in healthy volunteers. Int J
din Pharnzacol Res, 14 (2), 51-56, (1994)). Rifaximn is
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using rifamycin 0 as the starting material (The Merck Index, XlII

Ed., 83MGKGROUMNE Patent No. 7,045,620 Bl and PCT Publication WO
2006/ 094662 Al di scl ose pol ynorphic fornms of rifaximn.
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Wit h gasfibRicfbesdivitRl fof kxtintle, iPUMVIMRYointestinal RESCaRECIoRATZEd BaRioftestinal
pol ynor phi ¢ and anor phous forns of rifaximn not previously
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of rifaxi.m.n... Accor di one ,aspect, the,.pol. rph Form.C |
oxh bi PhnBstics (eseERCT feleh. R BACBERE Sy T RG L ie Seta By ation
peaks expsdns edluioerdegr £€5n Pharfidcol Res20t e guess, Apoan. 4. 7 (doubl et),
7.6 (doubl eh) and . 9.5 degrees 2-0; or 4.7 (doubl e%é}, 7.3, and 8.2
degrees 2- oRifgximsn ds E‘%Ugg‘&% TtalgangPatent T bl 4052 gpd €2 BLEY 534 rbogh of which
8. 61 a@.ﬂ? 19(: erei i i i J .
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(i on e e Sa0gt Bf: PyHBNE 943586 g EnBpr Pl fiearin 3o HGoouee

and 11 A2 disbinsb pelynortdg ess @frifgimon. 4. 7 (doublet), 6.3, 6.4, 7.3, 7.6
doubl et), 2y 8.6, 9.5 0..2 (tripl \ 0.5, 11. doubl et)), 11.9
Cdoubl o) Ryt Rapiroved,fog sl §F dethohepick oo By on 1avgside stfalis of

( doubl &kgheflelgs eels, a2miro-organismAGKIEH G b able t® PencaRaR, GI MBcdlR hiyd kR ore
Form C exhibits an X-ray powder ﬁi,ffracti on pattern having

char act¥RAIRy ip copfactpathgairaintesigal fuidegr ees 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

pol ymroPPMMARM C exhibits an X-ray powder diffraction pattern having
characteri sfLG. I ree (gL - degree Q) at
76 (doubl opyerRE e RbGRE oo AT R Sls! Slp B FRRATH 56, b Bhst
aspect deschbedy doymy BdvnfgrionG ceddyi Bortrst aad adtorphpupfonte of diakimiaatel degeribed
patterp1 havi ng characteristic peaks expressed in degrees 20 (+/- 0.20
degree 'Ef)emat 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 10. 5, and
11.2 (dougyégéogggsds%es 2-0. According to one aspé 2‘11%3???3/035192

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.

Accor di ng t alonRsaipe btreinfdd polymompkiv irisofaifaiming ynchR@WER-1 RB-p fanagtdren
pattern hav%p%x%hggacleristic peaks i g gséed i.n degrees 20 (+/- 0.20
degree 0) a ergin 18,y gevy Hnigue rsgaato s3lt fogp oftifpximing - ang 7. 9
degrees 2- OAcéHrd@L ko ohe%sp&Fth gg%%kﬁ?&nggcbxh@fts Gn - ra?r 71;2bwcﬁ:i:‘@ﬂrgctlzm
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ri exhibits. an -ra (0] | CIOI’] attern _havin haracteristic
ke 00 Gulgy i ThgeBees 20 gni b 65,30 2aian 165 ad B4 (dorblaD dagracsys
5 degr eesr Z7gdmﬂﬂet55 613, 674 3.3, @@(dzut%eﬂem 9836 %5 Qo 2 (ml%let)wrlq'f'@oﬁﬂet)

one asp ECt orm1 EX i Bits an X-ray | racti on tern

havi ng léf?a(ﬂﬁ'dﬂfé}nlg{zl (wepoalks aupiesdad (ﬁwlﬂebrléé@mlﬁ(t)#egre@s 26. degr ee
0) at 6.1,
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char actpettérs thecing ebdeactenspr @sded:xpnsa&dgm degme@@0((+/--0.10 &fgrateyraed.7T0doslilet),

nccor o7 BBlghand saReRSE g B4 7 KPR, L e ARG ader a1 111 acti on

pattern haviAagoréinariacine raksdct, Qh@@aiymoqmms etéxmlaltsielgoee@ ﬁﬂvc{cr"/drfﬁ@etﬁaﬂ
degree 0) at 6.1, 7.5, and 8.8 degrees ding t

aspect PRSP BeYIRS shatpgisristic praky. qxasﬁsaeem é?greﬁSf%ﬂr(éétq %Qnde;ga%et Brah 7r§a@Pﬂ§Ct)s
charactgeq |a§&1(p5gg§g§s2eg<pressed in degrees 20 (+/- 0.20 degree 0) at
6.1, 7.5, degrees 2-0 According to one aspect, Formfi
exhi b| ts anAxcqraypg ﬁ@merasmcf,fthe@@mrnhah@r B ekkibitn gn Sheayapeter diffraction
peaks +
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X-ray @mreedﬁfetractl on pattern having characteristic peaks

expressed i grees 20 (+/ - 20, degrege 0).at. 5. 3, 1, and, 7. .
opr ees 2. 0AcSaing T3,28 st B OB D ERp ¢ R i sl e o
powder pgitdrh fhaﬁhg @ﬂar@@éﬁsﬁ& rpeﬂ@\exp@sséhaﬁ aedredsi 20t (£ RERY r@(@rétﬂ@@(ttlhﬂlet),
degrees 20 (/- egree at 3, 6.1, and 12.7 degrees 2-0.

Accor dildé§ (ﬂ‘é‘n@ﬁea@sﬁe?c@ouwﬁtﬁ Pf?&iesezx@n bits an X-ray powder diffraction
pattern havneaor&ag&a%@ rabﬁetcl thga%aogghpﬁme@xmw RICRS ;%de(eff/dlffrgcn%ﬂ

degree 0) at to one
aspect pafn rhavmg elmacttfmssw analcw:al;esqg@\m degresis 202t tO. ngaﬁeteé rah 7 3al0.hgend

char act,grqy St | ressed in degrees 20 (+1- 0.20 degree 0) at
5. 3, 6.1%9@%%)?%?@%5&9??25 2-0; or 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7

degrees 2- OAccording tAmeraslpaag th® po]nymoqmpﬁmn € fesitihitsl dn &kiulypoinalen difadtioy

wd di ff t It. t d
pover bl shbo,RalLesn D00 char act et suc peghs £Xb s5zed Loy

degr ee%d&fb&t),gz 8.6 dbge&/xpng to one aspect, Form Tl exhibits an X-ray
powder di ffraction pattern having characteristic peaks expressed in
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According to one aspect, the polynorph Formt exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in

degrees 2 degree 0) at 7.4 0.1; 20.0 O0.1; 1L
Accor di ng%vé%ogg@sgé@ect t he pol ynorph Formt exhibits Pﬁ:ﬂ‘ﬂ%}&ﬂgé}%mz

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.
Accor di ng t éwcomeingSpent, aspeh:e tpmlpylynromfh FormnC texbibits bn O&ragnpoXedeayiffraction
powder djffractio avi n cteri S expres i
Glogr cedtgniayie SRRl aeld ot G5 A50EE' BiyeG PFF S Bt 35 Gpottle
20.0 @ﬂ,,?@@o&;letﬂsﬂs and 10.5 AegedsP-1g to one aspect, the polyrmr ph
Formt exhibits an X-ray powder djffraction pattern havin

char act er i stiCETHBEKS C@msg@ééae PRALlyRSERIeEermp § cxhibits gn éﬁrade@-‘rvei@ @jftragtion

7.4 0. c
aspect LR Baly "ﬂ“"rééf&%r"rﬁai'gs& B e 2 o T Pt rono o

patter riok?a(WDiQf) @héﬂ deglicet3-8. peaks expressed in degrees 20 (+/- 0.20

degree 0) at _cgorﬁ%c’cg%ns aipec& é‘polé?n%rphol’gl‘m igeécgl}ag? ar})g AS OI%W({%T %iifﬁ%é]fmn

0.1; 20.0
t he polppttenplavigg chartctesisic ipetls exprelsetdy dpgraese?t @+ ﬁ.z(adégrme)pat&(e@rﬁ 10.2

v 0 GRRIETYS! 10 g8hS) QSIS 0 deyrese, 20 (4T 020 deoree

13.9 0.1, Mc&dinQ-td;ondQisplch).ths paﬂm%r[ﬁ} F@rm?@ c4hiBitsl aV\Q- ray powder dlffrdctlon
2009/ 108730PCT/ US2009/ 035192 Accordi ng to one aspect

pol ymomBHETRARHDE CRARG ISt Papks expigyseh drw%&re% Pradt T odrepe Q)ea.t ﬁ thﬁgt)
ghgr agte%r l%lvca ﬁ%%éuﬁagrsef%@ CEA 169%@@&) %@ sgﬂ 2 (&&Qt)d@ggqso@et)atu 2
13.9 ciwzak),lldz @(qumtel_) 13,9 (do@let)alm (chlbwthdegrees_z 89 0.1; 23.4 0.1; or

20,0 0, g boqgfy i gy of il g
5.9 O.characteristic peaks expressed in degrees 20 (+/- 0.20 degree 9) at 6.1, 7.3, and 7.5 degrees 2-0;
or 6.1, 7.3, and 7.9 degrees 2-0; or 6.1, 7.3, and 8.8 degrees 2-0; or 6.1, 7.3, and 12.7 degrees 2-
8; or 6.1, 7.5, and 8.8 degrees 2-0; or 6.1, 7.5, and 7.9 degrees 2-0; or 5.3, 6.1, and 7.3 degrees 2-
0; or 5.3, 6.1, and 7.9 degrees 2-0; or 5.3, 6.1, and 12.7 degrees 2-8; or 5.3, 6.1, and 7.5 degrees
2-0; or 5.3, 6.1, and 8.8 degrees 2-0; or 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1,
7.3,75,79, 8.8, 12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.9, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1, 7.3,
7.5, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7 degrees 2-6.
According to one aspect, Form m exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 28 (+/- 0.20 degree 0) at 6.1, 7.3, and 7.5 degrees 2-9;
or 6.1, 7.3, and 7.9 degrees 2-0.
According to one aspect, Form 1 exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 8.8 degrees 2-0.
According to one aspect, Form 1 exhibits an X-ray powder diffraction pattern having

characteristic peaks expressed in degrees 26 (+/- 0.20 degree 8) at 6.1, 7.3, and 12.7 degrees 2-6.



7.4 0.1; 7.9 0.1; 9.4 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, 20.9 O0.1; 23.4 0.1. A one
aspect, tﬁ@oé%?éﬁggbh Formt exhibits an X-ray powder %E?ég gmﬁﬁ?

pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.9 0.1; 7.9 0.1; 9.0 0.1; 12.7 0.1; 13.9 0.1; 14.9
0.1. Accor di ng to one aspect, t he polynDrph Forn1t 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;
9.0 0.1. AccoMdiogrtdiong abmechRermapexitibitst dre Xpral \powdphdiFactivh petdrh tiatiag

opr oo degraissBard BT R Ba0AEh T 1 5 opl fGRen 10

14.9 0.1.  Accordiagas @ndQ@sjhcot, Fdemap paabits 4E- ﬂa?lp)ﬁmétph‘lfﬂl:&hgﬁ ﬁ)a@éfﬁllﬁl/f&lg
an X—raéH powder diffraction fattern havi ng characteristic aks
expr es SBHAGIF IS §raks §xprossed . degreg2QyEdy @40 dogreq 9)at 6.1, BS.pnd 7, 9giegt¢ea2 -6.

12.7 0.1. Accord1ﬁ§Q9roﬁb ra'tgpetcp IRRR PSRRGEs ard REra z;hwa&f PP dcRb Ettem “having
exhibits an X-ray powd ffraction pattern vin charac ristic

peaks ék%ﬂ‘é@@éld Pi?fiksééyﬁﬁé@ mz@g(e«ss 20 0/« 2@2%@@39)@} 5 a16 5.29d 73 degregs 2-0.

0.1; 12.7 S m
exhibits an gggﬁ%mﬁg%%%g#g% cﬁ]%ﬂﬁ%ﬁt egﬁﬂﬁggﬁﬁgpblarac?gggé }évmg
peaks ebrapacemd peaks degresed inZdkgleed 20 G/2020 depreedd)@) 5 316 b.a8d 7@. dhgrewza
0.1; 14.9 0 Accor di to on pec t he norph Form .
ot bi s anARFde 5o RRBARER LPHECT IR Torrrandorag CREN aryah having
peaks ema@érﬁ,ﬁd pbdks GLEHEQES indlafets 20 (/20200 3@) 5 ats 5.-a8d 19.7Hegrées?-0.
0.1; 14.9 0.1. . WO 2009/ 108730PCT/ US2009/ 035192 According to
one aspect , APFEIRG 19 98F 3FPeRb miorn TesHHRiS: an FrraxpeggendiiercHorprtera beyisg
patter 'Bhe[}é’éférﬁﬁc 39&@ %ﬁﬂ;f@gsbéhf d“egfze@m(#xmﬁ@&e%%& 6t 9@96 f £&Ad g% dofitoes 2.620

degree 0O to-one
aspect, t heApQﬂrgmﬁ te wnF@sm:t, F@mhlmﬁxlsblanan)@rray ppwl@teahﬁmcmm fettdrohaving

patter I, X R3S r
foar oc iRt GOy UbELLT fodhfeR 0B (' ARGy apF Y €% 3¢ e 28
to oneoaé@etﬁ;?iﬁ@Jﬁ@Lwnhﬁh?quamﬂ(bxhlblts an X-ray powder
diffraction .ern havin racteri.stic eaks ex ed in degrees
20 (1~ 0. 2055ugldo G aftet §3rH m Slbisty' iy R78) oy b fitecan patest peving
Accor dbﬁhﬁadt@isﬂﬂ?c:ﬂ@l@ Qfressed edBRSY D@HE- 6:00 BegRée @)iat 811 61117 B3N hid 88 127
X-ray powder_ diffraction pattern having characteristic peaks
expr esdeess?-Gegrees 20 (+/- 0.20 degree 0) at 5.34 0.10; 8.46

- 105 10. 954:Qndifle 1@ong astfbet, Fotl: r|7§xh%§ts & %Gy ?oa?ﬁerodﬁ‘fpactn% pRterdt having
.10 10.95 0. 10; 16. 2300, 10; 17.70 0. 10; 7.41 10; "8. 46
: 10 elraeristie perks tRpreBed B, degreen20 (- 220 dezraod) 21 3.376.1, 13,10, 8187 agt12.7

é%ﬁ%% 10 22.77 0.10; or 16.23 0.10; 17.70 0.10; 19.29
or 5.34 0.10; 16.23 0.10; 17.70 0.10; or 5.34

10 6.93 AGcoi:dﬁng To 4ie afhet Fon4PexhibitbQin XGrap PpowberldiffratOoiD pattddn hBying

re s iR 2B st ey b o i Bt S, 57 L e 12

X-ray pestelar2-gli ffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.34 0.10; 6.93

0.10; 7.41 Agcor@ng & one 3specty Fogn mygeiibity apoxX-rgy pewde. tilﬁ:racmml patterp haging
gr 92 tha{%ctér%tlcg aﬁge:ilges%g%nﬂ&g{se%s 2@(@2%2%96&% ?L)Oat%Q’y 6467 §37 507 é‘g? 8,%3hd
10. 95 1@7ﬁ©§%¢6223 0.10; 17.70 0.10; 17.94 0.10; or 6 93 0. 10;
7.41 0.10; 4 0. .10, 6£.93 10; 7

010 or 5. A%ebing o B aHegt 15 popaivng g gRE g5 Xy pgvRY giifighon
or 5. 3fattebn AdincthctedistiOpealls ddprestedli degreds®0 (8/-1020 cﬂe@re@%) al5.98;0.10.95
0.10; 1623 0.10; or 5.34 0.10; 6.93 0.10; 7.41 0.10; 8.46 0.10;
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According to one aspect, the nesylate Formof rifaximn exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed 4 20 (+/- 0.20 degree A) at 10.62 ;

0.10; 16. 2‘582@%%?%0;7. 70 0.10; 17.94 + 0.10; .29 O. 10 FCHs200s5t02
According to one aspect, the nesylate Formof rifaximn exhibits
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. According to one aspect, the nesyl ate Form of
rifaximn exhibits X-ray powder diffraction pattern having

char actlek;i% 1 €.1penks 7expt;elis®t 0i In 1dOgr @ésor209 £-0.1; 700 20.1dé37ee0.0) orat.9 +

5.34 Q, 1Q; 3 100 7. 10, 17 0,10. A i,n )
one asg)élclfg;ojgﬁ'sei’ rlr% ﬁjlg%’eorlégbrl%o‘gf }‘?Pé&{%ﬂﬁ ie%]*h B %% i)gﬁgfp%pg\)mg?ggoh
di f E r /a(btr DNt @.g; o= XY Ohl?\m.@gt @ Dpgracd £0j1sTve: Reaks+expne9sedl 1) ¢ SAeg0aes.9
20 (+/- 0. 20 r 0).at 5.34 0.10; 6.93 0.10; 7.41 0.10; 8.46
0.10: k20 50615720 Fae 35 A 03 oha B pdlz el a8y Gl 4Rk Mot
rifaxi mn ealbdtting t§-dndYasPNWABE pdiyhioiAt Fo@D | RAKIHRY Bn b@-i’dgnﬁ)wder diffraction
characteristic peaks expressed in'degrees 20 (+/- 0.20 degree 0) at
5.34 (atign hgving chagacteristiy peaks exyesped inglegges 20 (e 0.20 depzect)ant 38+ 0.0: Db+
0.10; %623 101184101 According to one aspect, the nesylate Form of
rifaximn exhibit's X-ray powder diffraction pattern having

char act er i sthiccorpimgkts smx paspss tie ipnlydegrie Bern? 0 ekhibits 6n 2Drayemveler @jffradtion
5.34 \W0O,2009/.108730PCT1US2009/ 035192 0. 10; 93..0.10; 7. .10Q:
5 26 GUIGR PRy B IGYE Pak g it dcpiets 20 O 130 dets g sigr it oo
17.94 0.1,20.920.1.0.10; 22.77 0.10; 24.81 + 0.10; 27.81 0. 10.

Accor di ng t% one, aspect, the mesy|ate Formof rjfaxinin exhibits .
X-ray powderCeRTFINB ARG RSP +18F ORIy MR SEhiBMS &1 feTqyepgugler diffraction
expr es aflorh MaHEGERASc1ARHE Hhaks U & +/50 atS 960 1

0. 50:  Taren halpRgS Agcorsgilﬁgsstgg oﬁig"%éég&’, O?ﬂge%%y b P01 139
rifaxi mihlLefBPtds X-ray powder diffraction pattern having

char acteri sty ' e et e ) .
53470, 10; - BouBRgNg (RALGREaHo pRHRHIFRGES ctfits Ko WA Hitftion
mesy| atpettéFohaviog chardcteristit pealx bxfrestsed X-degrgep2ingtér0.20 ddgraedt)iat2D.paltle a9
havi ng c@grﬁ%j%ilsti c peaks expressed in degrees 20 (+/- 0.20 degree
0) at & 48 10.95 0.10; 16.23 0.10: 17.70 0. 10.

Accor di ng t acesi@ingapar,aspdte the pylyadogpFBéma ©lxtibitaxh M-yepovidel UFfraction
X-ray powder diffraction pattern having characteristic peaks

expr es PBUCTP hayag Fhasectagtic peaks gxpressed gy dgrasy 2@(+/70.49 degreq B) atg. U 0d; 139
10. 62 Q. ¢9;1410 83, 200 1.1; 209 = igcording to one aspect, the nesylate
Form of rifaximn exhibits X-ray Ipovvder diffraction pattern having
char act er i sfcecrgiagike aug mspess dtie ipplydogrheBernp o egbibits an 2oragapmaler diffragtion
16. 23 o . : . y ) .
Accor st huaclerpll piele Sroited h aebtbecd (PR a8l Qi 0.1 127
X-ray pdattdd.odt0flr 2c4itdnl.pattern havi ng characteristic peaks

expressed in deqgrees 20 (+/- 0.20 degree 0) at .16.23_0.10; 17.70 .
0. 50: 76, 20865 FERE33 059 sbefet ghe BORRRC o) n Fhuibi, i Xsvaivaty fifction
mesyl atpeitdrd hivieg clidricoristit PealX Bibdsed H-degdéePDONGRr 0.20 Hdgracd)ia0h oRad 1 .67 n+
havi ng characteristic peaks expressed in deg}rees 20 (+/- 0.20 degree
0) at %:13490: 4d; 146+9d; 159 #f- 11149700 102 @E 015 20.9 &b bradi4ig 0o one
aspect, theapEs¥ihgis Jier8pi, thé hawhidhih Pt Pelmvits E@X—ﬁg @ der diffraction
diffraction pattern having characteristic peaks express i n degrees
20 (+/ paiterpbaviag ehasactyristie p&kgaxprepsadin deg@ss 20 071020 deptee 6)0t 10+ BRe/ 4 +
0. 10; . 119+ ) 110; 0. 40; . 0. 0y 117,94 .0. 10;
1o 20 U 18 8390 ¢ O 0aaR Bladh 749 sk Pob e o 20
anor pheusl fornms exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
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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 20 (+/- 0.20 degree 0) at 5.1- 10.

hal o range‘?azgﬁgﬂfgof)prom mat e hal o maxi mum), and 15.8 (P%pprom mate
hal o maxi nun) degrees 2-0. Accordi ng to one aspect, a pol ynorph
anor phous forns exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.1- 10.1 (anorphous hal o range), 7.3 (approxi mate hal o maxi nunj,

11. 3-17.8 (anorphous halo range), 15.8 (approximte hal o maxi mum
degrees 2- 0According tbronerespetiibeipnbmiorplt Rermamsripbiouisn Moraysposwier diffraction

2000/ 198090 Be P BRI IE ekt beed o e PR hahABeRD oy oS0

exhi bi &s0.0i ff{%E ortt 2ab £SE &g 03abos. 95&(1 r y13(9E£@)1 of. 9& (br @ad 4en0.0t hey m
at about 7 C an m_no ot her.m at

b Dok d o et o) o ARG 0 o0 o Fei 0 Ineici el Tk % P di B0l

Scanni ng @d} or @iy, (V0SQ). 1smy\§061 8b.99%.1:m3Msi 6.1 08 LI AN, 1t ©IREs L1 €
onset to be about 199 C I'n one enbodi ment, the Form'C Form

11, Folph: 84dF§-1; Wc?r‘}ﬁtt()l P8O O.5-20.9 F8rlney 39 2 0. lﬁdﬁrﬁ@ld?9i%§yqfaﬂé 9.4

For m oL AMBRNOYS; (25 M0 Ll4bld GK WAL 69047 1o £33 aLNgR. 5% by wel ght
total inpdrit odi ment, the’Form C,” Form Form
a-dry, For m‘\bc;orﬁiogrto e h,spdétg rtm: ﬁBLymorlﬁDFmrm @xhyibitsres K atyq:oﬁcﬂerrtid"r‘racmn
anor phou

t t 50 t %
ourer " ghvege R et Bbaks piPled GERbumhg T2 P pef 3Dy To «
pure, ofl; atoﬂ@astz PEUIPUB.O+0.1; 14.940400rdi ng to one enbodi nent, the
phar rraceutlég orrp05| tion %notgprl ses gne or nore of a FormC, Form

For m a- 8rifnORS aRfich tha pelymegaihFermp 1 cxlbits an ripy newalsr difraction
For M Oy @R thle shafréb%éﬁu@faedks EdprbditdlinaRgreds ﬁm@fmﬁ@a@gr&aé Na¥5.9£0.1; 7.9+
acceptable carrrier. I n one enbodi nent he conposi tion further
conpri 9s98rel.dr nore pharmaceutical |y acceptabl e excipients. The
Pxol Pl ents KBrlifie 8Bng actiB 30 boBuflbiit bR, 080K w1l 1 A0E Btaction
| ubricating agent; disin rati n or|n agen
agent @att@m/hanwchagac&gmm pedkb exprebéextmrddgmg, 2&1+br1h2(bddgmél&)ﬁh127itlﬂel 13.9
phar ma&ed.:%i 9%' ﬁ?rrposi tion may be fornul ated as coated or uncoated
tablets a} soft gelatin capsules, sugar-coated pills, |ozenges,

waf er sheet gccdpéih @b SnoraspRydae %olyﬁmﬁalﬁ?@&rﬁd cﬂﬂ61kse§.n )d qadwlclatiﬁﬂacuon
enbodi ment, the pharmaceutical conposition ma ?Jorrml ated for

t opi calPaifIRhavmg charagiaristicipeks P Releerepete A Qa?%@qga%eoﬁ)w&é@.ﬂw bred +
et hodg 1ofi2 tugpfi ng, preventing or alleviating a bowel related

di sorder conprising admnistering to a subject in need thereof an

ef fective afietpidingfio one agpechvhe polyrpmnFam F@xmbltﬁ_aIFéﬁ*madeﬂ diffyacmpn

it Bt SR oo KRAEREE Bl BRI AL oy B 0. PR RIBAR s SRR =

I east @rielb@\ﬁueﬂ lrel ated di sorder sel ect ed from t he group conS| sti ng
irritabl syn ndr one ravel ers diarr ) | intesti

bact er | al  obSTEN TR THEr it hEPURIEEh EffnbhPETRIN G dawy uioieet dilfaction

pancr eahitéin hﬂsnlg éhaeamwe &G SxXprédsed aqruiagfe@b P (49- 0.20\@egree 0) at 5.9+ 0.1; 13.9

2009/ 108730QPCT/ US2009/ 035192 In one aspect, provided herein are

procesé@s ;g2 jf)ﬁ) bduci ng Form C of rifaximn conprising formng an

EtOH slurr YAQ&)r@tﬂg't@'ohb %Epééprtﬂé %o@ﬁ%qﬂlf Férnf 26k & xaahi p%Wder dlffractlon

tenperature and crystallizing rifaximn fromthe slurry on

enbodi pettan havieg charastaisticpeakieexprenesd inglegrees 2st/-dbf) qlemgeetej@t § 9@:0 1,79+

pri or b9. ¢k ggt@i lization. I n anot her enbodi nent, the EtOH
slurry conprises an EtOH H20 slurry in the ratio of from between 1 to
0. 02- 0. 45. Provi ded herein, according to one aspect, are

processes for producing a m'xture of pol ynorphs C and y conpri sing
6



I n one enbodi nent, the process further conprises mlling the produced
anor phous rifaxi m n. According to one aspect, provided herein
are proce oduci ng anor phous rifaximn conpri

pr eci pi taﬁ?gzoéﬁgﬁgcet one. I n one enbodi nent, ?&qg‘i%“"é’é’%sm
further conprises mlling the produced anorphous ri faX| m n.

According to one aspect, provided herein are processes of producing
0-2 conprising precipitating a-dry in EtOH H20 (1/1). Accor di ng
to one aspect, provided herein are processes of producing C and

m xtures of C and 7 by precipitating the initial rifaximn forns in

t he manner getorfimgtth dm abpdxk, eth&@olymﬁﬁytﬂﬂﬁm 1 QRFBIHPET NGOV daB A 2ction

i xt ur Q8T TERP G T GRS o 1ERE GACHoORDAE7S N o 127

m xt ur eso.gnd.deom y and Form C nmixtures where the process conprises
precipitating the initial fornms in the manner set forth in Tabl e 14,

Accor di ng t 6-CERTENESAEE, 25pichHVInE PalYmOrR Houm & ephibith ar dsTayf PoyisH difragiion
m xt ur

For m 19 e M e heaCltib Bl SO o BRlect SOLY 020 fogrti 35,4 6, 204
manner Osb®.GoPilhl4.H+Pabl e 13. According to one aspect, provided

h
o E T o REOERET O ORIV § AP 18 AT S
t he mamagemdeting ohatrhntérmﬂaéﬂkesmressamm degrees 26 (+/- (e degdeand) at 6.9an@1; 7.9 =

aspect, d n are processes for producing an dry For m of
rlfaX|r%ﬁ93)oJﬁ§ﬁ Qﬁa eC| pitating the initial rifaximn forns in the

nmanner set fA@tdringNtol ot Qisddet, the mesyh@€ Fodinngf trﬁ‘amal @ﬁmﬁ‘g ,x ﬂ{yO}Sbﬁl@éi
herein are processes for_ producing rifaximn form

and of
ri faxi cEffrastimRatterdiRying chgagenissic Rakscapicped &t ql%’geeﬁ ﬁ%(+/n9 £9 Q?gree 6t 3.34
rifaxi g@é.® 48 ool ILoIBONG o514 £ 810N6 b+ taRY: 8 48 4-0.10; or 5. 3&%[%‘16@5

to one aspect, provided herein are processes for produdi ng anmorphous
rifaxim %l@d@p%.:smg pf &t Wi Havi Adglth®10;H.46 H10.10f ﬂ@ﬁi AVl l‘Oorlﬁ@SlﬂnO A &eor
manner fgnph e co o

her ei n 1??3 p?cl)@elsp}s@s ?H'O lig%hﬂfcol 1nog1 ?rgmtél% Irz‘ﬁr g']ﬁ 3%509 YJ7 9’@2
mi xt ur ésliofl9. E@&m H; amd’fmm pr 5.ae 0E0; 16.23 T 00F0; N7 7000 o HAPE-I (81076G.93

o oc! Bt B OREIG 04 2 0L 0 SPRST PEks LY o THEE 8

For m a-digy 19 Borm @; 20y mosrodry, Form 11, Forms-dry, Form C, Formy,
anor phous Form Fromy 1 (C© and From 13 m xtures, Form C and Form 7

m xt ures and<rREeytonfae peRseh 1thei sesyiate Rormy pf e EBhipits Si-fry powder
pr eC| Pidi@bifgh gahanlﬁaw&g%haraasﬁcgeam pﬂa?se@ﬁ{d%%e s 2@ {4/No b adgbl @Sat%%z;

Provi ded herein, according to one ect are proctes
pr oducﬁ#gl(h O3Sty 0.40:67. 4ot th16f o3 34k DADN7 € biPrlios 8. ﬁgﬂ:t(hlé) tondittl. Bner §.84 +
forth | i ed r , or di [ C
or oces a0 PSR 062 .S IS E00 R B BB A% DN L IO 105 3
Tabl e 2710; 1005 zm)m mawmemmjsm&t 035198223 £ 0.10; Pr.0¢ k-aden); eveing.10; or

accor di n e ts for treafj b I d's er

o e B A RPN TR e Bl R s e bR R R P AT e Fl G 370 Do
t, Formik3ed.10Feo3m 83027 4F9|0m088 d5 & o mawb@w ﬁpam o4 + @D ab%@ foor g
of rifaximn and instructions ded herein

accor dirfyl &6 Briel ddpded? + @l J&a%ﬁk%aéa kﬁa&?’p%&l@j %rﬁé%%% 655?3{1-*50 18, 7.41 +
Lher apekild: 8aklu0. Fi.1O%hL¥6) RTOUL: R0NLOL o TH! & Af . lﬁoff@tfzt oRL B3 by
Forma-dry, Formt, Form Form1 mmsdw, ate Form
or anolpiod48t &lnkd; 3T.8F 0aki M n and a pharnaceutlcally acceptable
carrier or diluent, wherein the conposition is fornulated for
treating a subject suffering fromor susceptible to a bowel disorder,
and packaged wth instructions to treat a subject suffering from or
susceptible to a bowel disorder. In one aspect, a
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I n anot her enbodi nent, the conposition is formul ated for sel ected
coated and uncoated tablets, hard and soft gel atine capsul es,

sugar - coa Iozenges waf er sheets, pellets an& ﬁﬁ? i

seal ed paéﬁ@tzwg ‘]sﬁlls%ne enbodi ment, the conposition is 8& @%@ﬁﬁ&or
t opi cal use. Presented herein, according to one aspect, are

met hods of treating, preventing, or alleviating a bowel related

di sorder conprising admnistering to a subject in need thereof a cell
infected with a virus with an effective amount of one or nore of a
Form (, Form Forma-dry, Formt, FormO-1, Form 13-2, Form c-dry,
mesyl at e Fomsccﬁﬂmgnmr phouspdcqr s mbsyildté Banmi of rifaximin Aclkibitd Dogyt powder

anot her wherei n the bowel rel ated,di so r | ne o r
T PR ey e Pk et dees 2t 20 fekges R o3d

bact er i+, 1@\6@3%@%?"741(} oho! s di sease, chronic pancreatitis,

pancreatic insufficiency, or colitis. Presented herein,

accor d| ng t OCERTBNGsieOre aapest nibe byl Feswest irifeimine cuhibitt A&7ayopowder

bowel §

or ogr eon T Ra Bk AE fhe AR IRIL pells s BE] 4o SBh ey, BB oetss
for a Boweh 7r4élﬂa@é@t 8d46;b9d@;rl()6ﬁi&16ret hod of selecting a subject for
treat nent of o . det erJu.n

pre-treat maAtc ge g h%%cﬁ gf’l%} rrgg Eﬁe % ;¢ rlfammmd%lﬂﬁ% g(rfaﬁfgp%Wder
t her apdififractinnl gattefhﬂeehg\charamwnt peefks @ﬁ}ﬁreﬁséd m)ct@re@ﬁ 2@ (+00.00 Gegréod)mat 5.34

Form a Far Fo For a-dry, nmesylate Form

or am?bd({]i;qjggdﬁmowﬁ:zl#éiq #pr?stﬂbﬂql\jééa Mﬂ and determning a

post - t r eat nRRtorta¥elo fie hagder ihd! m ta%%hoﬁfrif@ﬁman eklﬂbfftd @ﬂi—ra@ebb@&%r

of treatment with the one or more of FormC, Formll, orma-ﬂp% 693
Gl

Form 1; lfﬁrafﬁtmnmyremﬁnamg tharpcterisgie Reaks grpressad gy degress R i ©20 demse

forms [) 0- feavgi g ?@ 10.62 + 0.16) 1918 s8Thpdi ment, the nodul ation of the
| evel of acterial "overgrowt’h i'ndi cat'es ef f i cacy of the treatnent.

| n anot her Axbuodingeiot one aggsct, eths anewldb@ﬁOHM| af ridaemgr ewhibits ddiayapesder

that t t men eff a n.anot her inEn t
rodul aCTEACER TG b (FRKRYE peske prctsd IR Hehs FERE D g
subj ect10168ﬂ0.1<113I19 e 01190;(—1633&60111} abﬂeﬂﬂ 1Milzak trep@Ise.1®@ t he

treat ment. Present ed her cording o one. aspect, .are ki tg
for treating°PHRel® A1 SFRfEh i ey J@fm el IR GXIg S St rarppewvder
act i ongiffi@étidaSAttern having Sha& SctBHisES 9@41{@@:{15}%3@& ih dc%%QQ@FIFQO Q@dé%ﬂ_@e APB oL
are packaged conpositions conprising a therapeutically effective
amount T 1BA&or 0. kS8t 040.Form C, Form Form a-dry, Formi, For m
13-1, Form L co%dmgoﬂ’onbﬁe AEect, éyllné‘%@até: Yol 06 HIRGRAC YR {)1 powder
rlfaX|mn an ar maceut cal ac ptabecarrler or di

wher ei rdlﬁrh@wmqmimlhtaimg ChgaCftmsnu peeke @xfrossed nah@magZ&(w‘sftij@degree 9) at 5.34
sufferi o e owel disorder, and packaged with
i nst rué{tg%)(J g%i @gfsﬁ :Pé 1@112(:&4 @Werl ng fromor susceptible to a
bowel di sor decordiby etveohe dsivet, ethd, mesylaxs Fodth &ORifAXIND ckhibigx Dty pow

e mOUECAR oGy BRATE® REAS PSS s o (ol gégé%ﬁ)&f 534

rifaxi mgi@se.s nedh;ceqend 1040+ 0nesededohgrein is the use of Formt
of rifaximn as a medi canent. Al so presented herein is the use

of one or nMOEROTARBriShBS 6Rschuthef mesyiat iFerm e rifaximin euitibity X-mlyspowder

ear caraar g b 368 s SR bR bRy s et 2 Buadions ey 54
Lhe use (b?fOt 5(9Bm 4.80; f27 4|::h(‘):l; ?nMEaM(m: B. la;sl()aﬁi?n:ethlﬁ,a}ﬁéz‘rﬁti 0A)SI6. Z}Srde@sé(mt ed
ereinis e 0 -

bt esent ed harein oy R Guehi M oagMAE el ne b Pt FRHc Y owder

medi cam¥frhction 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, are processes for the
production of one or nore of a FormC, Formn, Forma-dry, Fornt,

Form f 3- 1’W535d3}19%§{] Form e-dry, nesylate Form or anor %&@é@%g%ﬁf

rifaximn. resented herein, according to anothe a
Formy-1 (C) conprising an XRPD pattern substantially simlar to
Figure 1. Presented herein, according to another aspect, is a
Form C of rifaximn conprising an XRPD pattern substantially simlar
to Figure 2. Presented herein, according to another aspect, is

a Formof rifaximn conprising an XRPD pattern substantially simlar
to Figuw@1®.6.93 £ 0.10P7 .43 el 5y 8hiesre0.00; Biodor dilngi.95 a0dihes. 2Rs0adt 17.76 +

a Form r f rifaxim.nn_co i.Si D tern

subst a&%llﬁgggﬁ“ﬁ?jﬁ@l@%&ﬂ&ﬁ& 2389%@p%§8§5étoﬂoﬁirel n, according
to anot her agp@ding {oS ode RBPIEL,AIRY me%we ol beOF i i QERIBItS X016y pdéaler
and a DSC substantially simlar to Figure 5. Present ed herei n,
accor didifgractipnnigemdieving shaacteristic pegks expressed it dazzses AP 7/cBRAP APEPhe) aah-34

XRPD pat ¢§.% @_Tl@.nltoi_ﬁlﬂlﬁlg_i mlar to Figure 8. Present ed
herein, according to another aspect, is a Form1 of rifaximn

conpri si ng AScKRRD varneraspestbihe amesyddtt yFosnmof aifatimirFicgoibids K-ray powder
Present rel cor dji n er._aspeet, 1S r r phou f
1 o el B eflem a6 Ulleb i BREIISLoBIRE R gy 20 PR P2f TRERLRGT 53
10. = 0.1@redsend .0t 8x6 2010, accordi ng to anot her aspect, is a Formt
of rifaxinai,n c rising an XRPD pattern subsfantially simlar to

Fi gure 11, Accordn r@s@ﬂ‘?é’ﬂp‘?‘férg'f’n, o ?)rdﬁni’fgo% 6{}%‘6‘%&‘%&’%@@{@ pawder
mesy| atg@fizendR patterdni Ha@s hata GORPIG ipszimx%\@sswﬁ{hd@eéea 26 M/sobeantd @ at8.34
simlar to Figure 15. Present ed herein, according to another
aspect * (_?-§05d0%é_rj%ﬁ-Hﬁdﬁ&ﬁdﬁ&l%f”ﬂpf%d% n conprising a DSC

substanti al lategbiflh! @& oh® dEh&H! e ZQIeré{P F%%%#Qﬁrﬁ%g}ﬂdﬁ%%&éaﬁggé@g?

Presented herein, "according to another aspect, I's a Form anorp

ri faxi nliffractovmritsindgviag chohitestDeS ks whesnd inddgyees 26 +/a0.20 degregiirae 7.41
21 +o1EeRend ol fisnel figagaandi pg Lo another aspect, is a Form
anor phous  of "rifaxi’'m nconprising a TG substantially simlar to

Fi gure 22. AccordinPr®send egpdRer thie nmeddao Edirmngof eifaimirnerhiBBpettay bowddd

anor phous Form of rjfaximn conprising a cycling DSC_sybstantially
si i | aedlf?ractrﬂng%mzh%vmg chara%rgggﬁfaéﬁa fﬁ@ﬁﬂé%é o, g@%?ﬁ&f? 8 daeret ) ot
aspect ,16i28 0. f@nm7enoy. phayo4afo. 1d; fiaxbmomegopnyksi g a TO _
substantially simlar to Figure 35. Present ed herein, according

to anot her ASPUEINE fos OB PEPaFathsr PRYIAC dormi phxifwimin salbits iMhpyapowder
cycl i ng;fRGis ﬂ{‘flé\%né XI‘F]a'?éc@@rlsﬁé 85&@(3 Fe'xgl"ég%d%Z'de ces %@ ?—/@s()eﬂ)tg ce. 9). at
herein, according to another aspect, is a Form anorphous of rifaXimn
conpri 967§ 0. T® 1§70 st Bb;i 18120 G10i2R &7 #®I0Fi gure 28. Present ed

herein, acc rcdi gﬂ tg anot heercta ect y its Y For{n nor h_% lgg zgirgyaﬁciw%er}
conpri sing REETE 2P fDSF%Stib arﬁlﬁ éﬁ?fﬁ“n? S |gﬁl’ .
Pr es entdéftratt@imejatterndaciag dhargctenistia pedkid @kpraspé it degids 20 FoF ORATBIEI®WS 564
glof axi @&15%%5&%{10? 1?.769;(109{06.“ ed DSC substantially simlar to Figure
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; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 =
0.10; 17.94 £ 0.10; 19.29 4+ 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 8) at 7.3
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Presented herein, according to another aspect, is a Formt conprising
thermal data substantially simlar to Figure 31. Present ed

herein r anot her aspect, is a Formt conprisi r
NVR spectru% @9‘@&} éloﬁtl ally simlar to Figure 34. P@@%@@?@%ﬁ?&
herein, according to another aspect, is a Formct dry conprising a

TGA and/ or DSC substantially simlar to Figure 37. Present ed
herein, according to another aspect, is a Form 13-1 of rifaximn
conprising the XRPD substantially simlar Figure 38. Present ed

herein, according to another aspect, is a Form13-2 of rifaximn
conpr i gappgoritete XRRDmaxipg@N11.a41I7)8 Giviphdns Eﬂgua@e&&nd 15.8 (apbforiient @slo

h di t, | F - f n
conpr 1 SFRGNHC st o obSa- b cRhout hyd st di - 5Bl sgsreions aio egeo),
2009/ 1Q8d 3@ %C(Fﬁf)ﬂi%ﬁg&%hﬁ35ﬁ&2mum) degrE)éseﬁﬁﬂéleQ 1008y, 1 {atnorptfond hdloN@ng, 7.3

anot her aspect, is a Forms-d i npri si n a TGA and/or a DSC
subst afnPEMIRats; yHo Waxipwnp; st bl 31137 8 (amorp W%b@ﬁﬁwehé?%mﬁ 2-@icror Hil g

to anoifigs E@Lﬁeﬁﬁlo faﬁg@ F05 rfh&?prﬁ‘:ﬁﬂmfé& bl Hhkithy Og—ﬂ XR0 PR GHIDximate halo

substantially simlar-to Fi er e ment and a pects ar
di scl osmdimyrhy degrBR2EE OIDESGR! Plan@ipigrs Tiie BRAY NEGpBraimee halp smamnum)

exerrpl te n For 1 gure S an
exenpl aré @%‘@%@ué ﬁalg{anﬁei gé? i r?}érp%eéﬂloéaé(ur?%m ggeegé £;)Iexerrpl ary
XRPD Pat t er AcedrdiRg ftaxarme asplety mpnlylﬁmlghrmdphcﬁns aformex exifbity ¥n XREH powder
pattern.of rifaximn For hous 5 shows_an exenpl ary

Prd o BB TR Ay B A GOt Ok PR (B IR e i ) e D 372
NI DSC gjppfd)a"lﬂ%ﬂe Mald MmekifudyDI PRAYSR. (aftofhbfs Kalf @Rige), SantieSW f@pﬁ&lﬂ@halo
and DS rifaximn Form 13-2. Figure 8 depicts an exenplary X

pat t er Masfmym} deeress A-9orm C. Fi gure 9 depicts an exenplary XRPD
pattorn of FragRm® IR Reld aopatibok bRl Sl SRR B Hhder
XRPD pdiftrectionghatternfhaxingicharggenstic pedkis gupresst@ irdmcms 80 &i- 820 npgrac §) at 5.1-
ORI T o s e E1 U RETE A R ——
Not e t laikirhilne) gegedes Pdbel s are nmeant as a vi sual aid. Consult Figure
14 for accufrxgéo?'dlﬁg t Oosnlet flls(l)agcst 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), and 11.3-17.8 (amorphous halo
range) 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), 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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Fi gure 14A depicts peaks for Rifaximn, Formlota and 14B depicts
prom nent peaks for Rifaximn, Formlota. Figure 15 depicts an XRPD
pattern f | at e Formof rifaximn. Fi gur, LCts
an exenpl 3&9E@§EE§?‘}6und subtracted XRPD pattern of ri f&’g:i'r#?sﬁ%%@f’zate
salt, XRPD. Figure 17 depicts a |ist of observed peaks for
rifaximn nmesylate salt. Note that the peak labels in this inage are
meant as a visual aid. Consult Figure 18 for accurate 20 positions.
WO 2009/ 108730PCT/ US2009/ 035192 Fi gure 18A depicts observed
peaks for rifaximn nesylate salt and 18B depicts prom nent peaks for
ri faxi m n mésyhatmbeimtnt, i golyenolith deitiits Differenied S niigy CHRRRcey EDS@Yof

rifaxi r phou € ure epi cts an exenpl ary
DSC of arﬂr‘?%ﬁ“ﬂ?nﬁ% I%h?ﬁj"?’ J[?sg%(‘i‘aﬁwnﬁrreé‘éf’%g 2@% 8r om et hyl acetate
W th heptang) .one embodﬂngﬂrtr Solndigpi a@ﬂ&pl@&?%hﬁ.‘f ¥exhiBas | M18dMted VSieR@tial
DSC of rifaxi m n, am%ﬁ crash precipitation fromethyl acetate

wi th hélsenning Ca lofimetry showsie glasy ansstiombT ek tympergivrg ensef tohe agput 199
rifaximpn, anorphous (crash precipitation fromethyl acetate with
hept ane) . Figure 23 depicts an exenplary XRPD overlay of

rifaximn, amongpdrobslitiersphe Gotof,tRemn:n, Emm prloy $ ofmn aAshmdi- & opint fa2,i Fonm

frometh I ace te with heptane) _and ely a Fi
24 depiaé i ?%P?nroésa © sh°8 )rbé{/nglq ng }Bg%l 8{)@ Bp%ﬁltharh?%a%pﬁ%%gom
(lyOphiiﬂnblZI‘&ﬂdsOn in p-di oxane: water 1:1). Fi gure 25 depicts an

o oxant: b s he S B AR Sl LB T o
Ri f axi gidiy rﬂéE?IaEH"FUiﬁl dria@RrpleuPRihe ainfagimmdmabt(dowﬁ‘h}bl érza@khmsmmre

p- di oxanc: 1.1) and likely anDrF ous. Figure 27 depicts
exenpl & §t [eass % pursy Olf:%ﬁéfFaﬁh%?'VDE@edfr af Jepeh 0 mure, é)ﬁﬁtrlp%b%ﬁl (PhEest
evapor ati on Af.£of, %Ct@]bﬁ’@ﬁ‘)l odlme thg P%@ce%ﬁcﬂ%&hﬁ#sﬁm%%ﬁ@b%sy 1k §5 HbbcSor
of TG of rifaxim anor p ous evaporation from ac oneoﬁ .
Fi gur e a28roehi Krs wxiionpl @diy, rFes:ulu Eomf Brip dotratPel] HoBG ofryr nfeawatt omp or

armrpho rpgl h i t.ati nfrome wi th hcptanc).

Fi gure %8 é Enggexe%gn}ipﬁnr%g qn?l‘élceglhc% u‘fegi Ef’ﬁ_a)g&rof rifaximn,
anor phous (& ash embemnnnt, ahd edmpdshivnefuftidr @egiridécom 61hmbm3pl@iﬂm)u:eutlcdlly
Figure 31 d EI cts. exe % results of thernal gata for ritfaximn

Form { SSiEpHBlecacDisin n IS IRIENT EEY SRRBIRTPTF 06 aI4 btind 4Rt Wpdpbasent
ni Cr oS ¢aRita@iy argcfnamsmtégratﬁg@garﬁ coﬁrmgragc&?ﬂﬁsﬁhgtag%ni S_weeeHhE agint.
FT-IR spectrum of rifaximn,

According to one embod1ment the pharmaceutical composition may be formulated as
coated or uncoated tablets, hard or soft gelatin capsules, sugar-coated pills, lozenges, wafer
sheets, pellets or powders in a sealed packet. In a related embodiment, the pharmaceutical
composition may also be formulated for topical use.

According to another aspect, provided herein are methods of treating, preventing or
alleviating a bowel related disorder comprising administering to a subject in need thereof an
effective amount of one or more of Form ¢, Form n, Form ¢-dry, Form 1, Form -1, Form -2,
Form e-dry, mesylate Form or amorphous forms of rifaximin.

In one embodiment, the subject is suffering from at lcast 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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WO 2009/ 108730PCT/ US2009/ 035192 Figures 34A to E depict exenplary
results of proton NWR spectrumof rifaximn, Form 1. Figure 35

depicts e ifaximn - overlay of FT | R spectra_- anded
from 3730‘?&9@%%}7%%1 of First - Forma, Second - Forﬁrcgmﬁ@?m?ﬁ?zrd
- Form 13; Fourth - Formy; Fifth - Form8; Sixth - Forms; and
Seventh - Form anor phous. Fi gure 36 depicts an exenplary XRPD
pattern conparison of Rifaximn forma. dry (top), formct. (mddle),
and formcc, reference (bottom. Figure 37 depicts exenplary results
of TGA and DSC of Rifaximn Formu dry. Figure 38 depicts the

XRPD C GioaE iasgyit, q:froﬁ'tiécﬂliéreinnarEQTrdSBeﬂs%s Yor (Jl%dﬁcmé 3oﬁﬂ¢ &efiRkRiRie econPiling
Second, - R faximn

ft. (Top to Bott(oﬁ??{rrs xrmn Form 13
For m 1307uingrap fré(x‘?frﬁ“n nEOf@ %A Oﬁdlff”f”ﬁ“ﬂ aRpphiephfgmperature and

Ref er ergRtakiofdp ﬂf@xlﬁiﬂ&sﬂgﬁ{[tﬁ@ﬁluﬁ?p' | C3t bRO cMBoLRRRY, Qe méhdd /ﬂu}her Cbngﬁ&S
39 depicts exenplary results of TGA and DSC of R faximn forml

Fi gur e cgh gehing ttle shey préos 40 eystallizat@n. and DSC of Rifaximin form 6- dry
Figure 41 d P

Fgure 41 Fg{g%r&g%eé%ﬂm%aﬁggaﬁ%gfeéggg%tc% Aoyl @o?ffp&@ % b the ratig of
- For mfmndbe}twe@elcwrﬁbm—or%r ma; and Third - For m E ref er ence Eur opean

Pat t | { 0 dat ed March 2005. .DETAI LED
Pescn Pr PRl e, i2antite B 35 asref, 3 Peiveibes’ P aicie & mixtre of

di scovgblyn@ipha&\wn @ eymiprigihd Burhidifiag Cbrmi L f axi m n and the use of those
forms as antrbrotrcs I'n Och enbodi nrent the use of Form ( (Fi %ures 1,
2, and 8), Ewvidedih e(rrmgarf@ @éﬁﬁcpng)asp%f ﬁreapmcr;ss?s#cgupreéuw omn)n of

Formt r{f‘ﬂlﬂi{{&%m}i}mgd}ﬁn Form 13-1 (Figure and 38), Form
13-2 (Figures % orms dry (Figures 40 and 41), nesylate

Form (Fi gur B@vx_%d hergy eecoacrmg BPOwUE ASPESts AfipEsessss o pedugiog angrphous
30, an

manuf ag %{?ﬁem %Dn#egmg%ﬁg?hg?g%ﬁgfr oﬁgﬁrfe ?rf %@ﬁlé ora]lédrl}l[}q ?fo%f?’él%{{q&rout e
is contenpl ataddmgmbodnmspest o;ﬁrotnl:lmi iharegntaro pravkses fed ptodutiog amorphous
adm ni slﬁr ation of. such FE tnt reg& fttr ons E a subject in need of
t r eat MERPRYSTRAP B CEET prcipitation fagt phyd aeeliq WHLhPEouNd of t he
rifanycin clinsse @nbadindat, othé GBocekd fithefNicBmbEsed BRINAROtHAdp Ihaﬁ/deﬂgarﬁlhphoub
struct ure of Fornmula I: WD 2009/ 108730PCT/ US2009/ 035192 Table 1.

Sunmar Y8fMSone Ri faxi min Fornms Forma mol e of H20b EtOH (single
crystal) vaageriids! @dof a8ic@R! prbdided herein arc processes for producing amorphous

rifaximin comprising lyophilization in p-dioxane: water 1:1, and fast evaporation from acetone.

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

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

In onc 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.

12



single crystal TGA P205 11% RH 33% RH 58% RH 75% RH 94% RH a dry
(nonohydr at e) - adry - -

‘WO 2009/108730 PCT/US2009/035192

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 v 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  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 J,
o and mixtures of rifaximin o 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 y 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 -1,
Form B-2, mixtures of Form & 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
¢, Form g-dry, Formn, Form s-dry, Form ¢, Form y, amorphous Form, From y-1 ({) and From
mixtures, Form { and Form y mixtures and Form y and From 1 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 a-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 ¢-dry, Form 1, Form
B-1, Form B-2, Form g-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 1, Form a-dry, Form 1, Form B-1, Form -2, Form g-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 1, Form a-
dry, Form 1, Form B-1, Form B-2, Form e-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 1,
Form a-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 -
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 «-dry, Form 1, Form
B-1, Form B-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 C 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 Form a-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 g-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, are processes for the production of one or
more of a Form {, Form 1, Form o-dry, Form 1, Form -1, Form -2, Form ¢-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 1 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 2 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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ri - - - - anorphous - - amam WO
2009/ 108730PCT/ US2009/ 035192 a. Hydrate was determ ned by ei t her
single crystal data or roughly estimted based on TGA we ﬂﬁt | 0Ss

the speci P23 anal yzed cm parenthesis). Since thé’cg 6‘!‘%’035192

crystal structure indicates water is present in layers, variable
anounts of water can present in a sane crystalline form Mesophase
was determ ned by XRPD patterns. b. Mle of water per nole of
rifaximn, determ ned either by single crystal data or estinated by
TGA weight loss c. solid formchange after exposing the sanples to

speci fi ed Rbregeél theRNS, acodfdinga P aRRBMS aghect T 2 FaRR| Bnotgtous tdfdiifdindh
20% R comprising a cycling DSC substantially similar to Figure 21.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TG substantially similar to Figure 22.

Presented herein, according to another aspect, is an amorphous Form of rifaximin
comprising a cycling DSC substantially similar to Figure 24.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TG substantially similar to Figure 25.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a cycling DSC substantially similar to Figure 27.

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TG substantially similar to Figure 28,

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a modulated DSC substantially similar to Figure 29,

Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a modulated DSC substantially similar to Figure 30.

Presented herein, according to another aspect, is a Form 1 comprising thermal data
substantially similar to Figure 31.

Presented herein, according to another aspect, is a Form 1 comprising proton NMR
spectrum substantially similar to Figure 34.

Presented herein, according to another aspect, is a Form o, dry comprising a TGA and/or
DSC substantially simitar to Figure 37.

Prescnted herein, according to another aspect, is a Form B-1 of rifaximin comprising the
XRPD substantially similar Figure 38.

Presented herein, according to another aspect, is a Form -2 of rifaximin comprising the
XRPD substantially similar Figure 38.

Presented herein, according to another aspect, is a Form B-2 of rifaximin comprising

aTGA and/or DSC substantially similar to Figure 39.

17



e. This sarrple was exposed at 75% RH at 40 C for | day. As used
herein rifaxim'n FormC "FormC'" "FormC of rifaximn,"

"pol yno " "rifaximn C' are used interchangeably to denote

t he pol ynDWBﬁ?Oé’”?%?Om of rifaximn as further described P ERHIBIFL% of
exanpl e, one or nore peaks of an x-ray diffractogram differenti al
scanning calorinetry data (Figures 1 and 2). Form C conprises an
x-ray powder diffraction pattern peak positions at about 4.7
(doublet), 7.6 (doublet), and 9.5 degrees 2-0; or at about 4.7
(doublet), 7.3, and 8.2 degrees 2-0; or at about 7.6 (doublet), 8.6,
and 10.5 dere@@ﬁeth&emchc@’dmgb@hﬁot&raspe& f3.a FEEh egdr? cgﬁgﬁﬁﬁ%a 26Q; an@lor a
at about_ 10 (triplet quintet), and 13.2 (doubl et) degrees
2-0; or %ES‘@%EWUTSBM&IGO@EU +12.9 (doubl et) degrees 2-0; or at
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has been reported that rifaximn is characterized by a negligible
system c absorption, due to its chem cal and physical characteristics
(Desconbe . Pharmacoki netic study of rifaxim ter oral
admi ni st ra‘#?é?{)gﬁ&”@eal thy volunteers. Int J din Phar mi’?g S 3’935191?
(2), 51-56, (1994)). In respect to possible adverse events
coupled to the therapeutic use of rifaximn, the induction of
bacterial resistance to the antibiotics is of particular relevance.
Fromthis point of view, any differences found in the systenmc
absorption of C, ri or anorphous forns of rifaximn my be
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of rifaxim piKeMPPSIpidtPRSetehlarfRED SVerRG Sk Hlixihiv, aﬁo@hary(;dpftﬁ%&dm);
e

adsor bed by subjects undergoing treatnent. One enbodi nent o

i nvent iBBWRhSuHtsIRSh arccipiationefrer e habeagtatewisle hepsanebandrlikehyamarphdyy.
selecting t er y J 11Xt u f of . f 0
treatment of et dopChf SRRl FOLE O cPli TR af SiffEna) Clmorphous
bact er i(pphihmtion st p-Hicaancaidatblld).pol ynor phi c form can be sel ected from

t hose di scl ased reln, whereas in gas f .nan-invasiv hogens. .
| eas adsor bR AT o by -SufiCRErGar Rbin™ EkBo RbpRiiH R i
saf er fpodiotdne: wathyj BCt under goi ng treat ment. The above-nenti oned
Ci, 1, a-dry, 0-1, 13-2, s-dry, nesylate or anprphous fornms can be
advant ageouEngr%%odeagctspaP eexawafa%r?@%?é?]é)éu@fﬁwaa\mr@wh?vﬁ H&p to bottom):
nmanuf aGhidfghols ﬁlf%ﬂilf‘zhﬁtﬁi nPLEBAMBL VARSI : DO &kEly RfhofdhbAxi M n. Sone
features of polynmorph Form C include, for exanple: Form C was
observed byFbﬂ%%ngPV@i exepfplayw| iegdtsi of axsling i (ofi figriayn,1 amerphoys, (fast
These 1 ds: d and stressed under various relative

hum di t%?/éﬂ(o%ﬁ—bo\ﬁ?%ﬁb%cﬁsggsﬂ XRPD anal ysis WO

2009/ 108730Pighte U2 d6x€L 19 358 Rlanf twultst bif €6 daySxmiionwedorpbeuse(fst @naromation
Formy .under 43% RH, Formy -1(C) under 58 and 75% RH, and Form 13+ y
-1(0 urf'i?él?acﬁ% , though form conversion was likely initiated upon
renoval of Fhareszd telscté eaimsiady Uedudts .of S@RlatedADSIC &F ridfximnkl, yAlfibbudQ@idsh
i include, far gxa I?: Form]h}l was_generated by drying Form C under
vacuumPfrPigHen %‘9% #grate with heanchi erial of Form C (after
formation) ERARI Ldepiits BRGGNG WBSRs OF nRRuMRASDSY BE VitiRidln, %&ogahwsr (PR
day. Sone features of a rifaximn anorphous forns include, for

exanpl @recipitation fgmpepybepstats Wik hentane].Fi gures 4 - 6) was prepared by
mlling For + ' : . hous
rifaximn wglgf)o{llsqéggﬁ%e?P%Bﬁtgsun gﬁ{%vhna%l?gﬁgg%#gﬁlgfe uquﬁ dities and
exhi bi t ed aFfgugh 3gAassl 82Rnispict exentpdarpercadtsirod hohsete aficrd8®pE.of rifaximin,
For XRED anal ysi s, accuracy and precision associated with third party
measur t's on independently prepared sanples on different

i nstrunent sFigay I3aRPictsahy REH1OHE FT-I) spildirGA off sfgirgial Bsrmiihan 0.1 20. For
d-space listings, the wavel ength used to cal cul ate d-spaci ngs was
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The identification of those subjects who are in need of prophylactic
treatment for bowel disorder is well within the ability and know edge
of one ski I e art. Certain of the nethods for i on
of subj ect‘gbéﬁq%ﬁsé&e at risk of devel oping a bowel 3%&@@?3%%&#
can be treated by the subject nethod are appreciat ed in the nedical
arts, such as famly history, travel history and expected travel

pl ans, the presence of risk factors associated with the devel opnent
of that disease state in the subject. Aclinician skilled in the art
can readily identify such candi date subjects, by the use of, for
exanpl e, cl F@u&&l%h&ﬁ@ﬁdepi@h@&hﬁﬁiry auslth Gﬁlﬁrbmﬁ NMIH spectrum of rifaximin, Form 1.

nmedi cal / fa hi st o assessing th

ef ficacy 015% f%‘ {f%eﬂ%ﬁen}pi@yném%mn@c—tm;eﬁey Hggg“l%éP@Fm“ﬁxg@ldﬁﬁgom 3730

pre- t r eabsENéml1efeFir@l. Fofth @sbédoad - Fagh 8/dril THRME S AV Folith MBSROASFifth —

wel | known in the art (Waﬁg hydr ogen breath testi ng, biopsy,

sanpl i FQUBH; $iith | Faras packSevpatht &orm amerpboys. and t hen admi ni stering WO

2009/ 108730 I |

it axi i n po DT Rp o R HIERE YhadA cotplich HeE MEBHR Bim 3, &y

time (ét.og),,fmaf @érmd&lh) |andtforala|me°mleoeb (bbttarn)eat ment) fromt he

adm ni strat i;on he conp: nd our s rs, 12

hours, or 75 ou§r7s&epfcft1Se H‘ feflﬁ%g’g{r gl’%} Ell €%9f1$1 S Forﬁle‘{ ¥ ned

aﬁai n. The Fagw ﬁS Id@pﬁct@fthet ?Rgh)aﬁirﬁ}iaha(bn bEM&b{umﬁﬁidi,‘mt[Bﬁ E-fé]‘ peag Rebérence

the tr The | evel 0 eri.a owt h may. he etermne

peri odiFexT ”EF{) tiopdt ) Fishr géf%’flm“FEP aﬁ;ﬁeéondm frdriteFera B-2; Third

over gr QMaRiniBYEd Bhesk $duy er Nitfx@Wnh Rbfcfoncél EEm F (WS EkSerk %ﬁﬁ%ﬁfoﬁ Us

the further efflcacy of the treatnent. A decrease |n bact erial

over gr RPHOZRdPEAtles that the treatment is efficacious. The nethod

descri bed C enefit
gﬁu&%%‘fﬁw& ﬁgfaﬁfﬁsxﬁfs o%‘i‘b% é]ndsﬁ)% SFﬁ{f%ﬁxgg}fo § t{

fromtreat a r|
aspect, a nEigwodlodepicisshe reﬁgitsaoféﬁfibﬁn mdDSOfof Bifaxigpirf foumseirysusceptl bl e

Lhereof 5 t PEPELEMISEL 1 RrRLE FUBPRIGh AL RBF DR e ARl SAEP pir

descri hgg R@ﬁ[’&ﬂc@Pat&% £ h?é&fé%oﬁﬁﬁ?hrﬁth Fofth BIdRS TSechao 'F‘ohﬁ' eNrd &AL iIFan ¢
of a subject suffering fromor susceptible t6 a bowel disorder, for

exanpl @stereBS:, Egrppeay Patent dpplidagign Mon0p@i4/ahsiZp HecaMarchdni2®dSst er ed.

I n one aspect, nethods of assessing the efficacy of treatnent with a
rifaximn polynmorph in a subject conprise determning the

pre-tr &EThED DE&GJRIPITI@th eri al over gr owt h, adm' nistering a

t her apeutic effectiye. nt a rifaxi p htoth

subj ect, g“bféfl é”remsn‘?fltg‘ IPl‘ée et F‘feaﬁo B PBW t?(%d%‘f” APOTRRIG foéﬁns of
peri od rﬂﬁxmﬁre@tmtusw dffthésel fofAK bMaAtiNORA TOMPdhe MRIdGheht tthE€ use of Form ¢
nmodul ation of the bacterial overgrowth indicates efficacy of an anti-

bact er i(Bigvies deds FBHE), Formn (Figpyep éae@ﬂbfoan prdenthiges 3§ay3BeF9FE’als{ﬁ¥gé€FS 11
for exanpl ¢ @ag RAHGL] @RnRE alb@@s)efbﬁ B 9\(@ {pOFQWt 58 o :idg{?ﬁgxawéf&%g (ﬂ%ﬁf&s

be measuréd in terns of a reducti’on tons assocl

bowel d0soddé), mesylteafsiri (Fegurasnl Sof I&Wmmou@rformsc@@swm%ﬂtioio 19 ~ 30,
synpto o] e r.e reduct i

of nausgg%a'%ﬁl @iﬂﬁengmm (it’tg;r ?ng)‘gl\,{\eggngjf?ﬁ&% (EN-&? i %fagmlées Bﬁ edidhnal
met hod prephiraniom fotDItIheﬂgat metoprcaglroa&sls&bntamputqdeCEmbc&inﬂg‘lti bE&ieeldvehtlbi‘n an
rifaxim.n polyrmr e determning.the pre-treatnent |eve

bacs or TlroRS HERERHSS R b b GH FHP R ishs ot BT § THF OF tioganent with
anount aﬁﬁblatldsl faX| m n polymorph to the subject, and determning the
bacteri al overgrovvth after an initial period of treatment with a
rifaxinin pBiREBIHHE 2 cppePEidefitrigBcnSlasHAf antibiokes. Hiifaxanings a compound

over gr gwihs rdhgaleSrehihgagy of an antibacterial treatnent. WO
2009/ 10873%PCT/ US2009/ 035192 Phar naceuti cal Preparations
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(BHA), butyl ated hydroxytol uene (BHT), lecithin, propyl gallate,

al pha-tocopherol, and the |i kg and¢H3) netal chel ating agents, such
as citric acid, ethylenedlanlne tct §aacctic acid (EDTA), sorbitol,
tartaric acid, ghosphdidsg, aci Conposi ti ons
contai ning a rifaxi mn for i nclude those suitable
for oral, nasal, ~sublingual), rectal,
vagi nal , aej and ion. The conp05|t|ons

by any net hods wel |
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2009/108730PCT/U82009/035192
conposi tions include the step of bringing into &8 dBi ation a

rifaximn polynorph(s) with the carrier and,

Met hods of

A4 carrier

Ath a carrler
dependi ng upon the host being

mat eri al

to

The anpunt of active

mat er

ial to pr

oduce a

anount of the conpound

out of one hundred %

epar i

optionally,

ng these

one or

nor e

accessdrapld hgSeminenty of Sbme Réfazinain, Forrins fornulations are prepared by
uniformy and intimately bringing into association a rifaximn

pol yjrorph with i quidmokeiilkets| or finely divided sol iRH schitini ers, or
bothl, and thep, if necessary, s$hdpingihg, produgt . Conpgsi ti ons
sui tlabl e f¥™oral adfiPBE st mani o beieil n | tre, f otlf ofgﬁap%gge§5% 94%
cacHets, pills, tabl&& | ozeng€3"(usi ng a|fl avered bast's, JaRfy | RH
Sucrose gnd—acacia pr_tragacangty,,—powders;granutes; as a

sol uft ¢ &y jofmegels@igpensi on fi nlan|aqueous®*d¥ momn- agueous VﬁqU|E orfag B
an o t=1i1f- m@&l$m9 pater-fin-of 11 denuijsion] or a5 an T XTI 10
syrqpﬁiﬂ il|es3 (using t base¢, such as |gd atf#pkand B
gl yclerin, n QHPrnQD and lacaci or asinouth washes and the |i ke
eachl gantlai pilga® pfedet gr msne to@f @ rifaximn goliynorph(s) |as
an tHve—hrgrediert—A—gonrpound -rayal se—hHe—adi-ni-stiered-as—g bol Us;
el ec #gby AneBASLE - . The Forn1C, Form|q,. Form a-[dry,| Formt, )
Form 13- Form 13-, Forjm a-diy, nesyl ate|Fornm or anorphous florns
can [pe advant ageous|y usdd in the prpduction of | medi ¢ nal

pr epa?'%ﬁyi oHEmik teﬁg anti li oti c|activj ty, contai ni ng rfi faxi mn,| for -
bot horaflf and topi cal Uusg. The|medi cfnat_preparations| forf oratf use
wi | 1] centlailntemicdigiki m n. Form_C, | For m Fonm aqdry, [ Formit, Rorm 3-de | _
Form p-2,| FoP¥a-dry, medyl ate|For m or Yol phoub for ns t dget hgr  wi th
t he [UsUal| excipients, forexampl e difutingagents sugh as manmi t ot

| actjos® gnd™&8PBt o| ; bi ndi ng @gent s| suth as st arches, ggl ati nes;,
sugars, cellulose derrvatfives, [naturfal guns and| pol yvi nyl|pyrr ol 1 dOfE;
| ubrji cat iamgrpag@ent s such gs tal ¢, stejarates, hydfogendted |vegetlabhe| -
oi |l s|, polyethylenglycol gnd colloidal silic¢on d|oxidg; di|sintegrating
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Phar maceuti cal conpositions for rectal or vaginal admnistration may
be presented as a suppository, which may be prepared by m xi ng one or
nore rifa rph(s) with one or nore suitable ngnirritatin
ex0|p|ent§k§k&?§ﬁ#'g$s conprising, for exanple, cocoa %FF@FWW“E“”
pol yet hyl ene glycol, a suppository wax or a salicylate, and which is
solid at roomtenperature, but liquid at body tenperature and,
therefore, will nelt in the rectumor vaginal cavity and rel ease the
active agent. Conpositions which are suitable for vagi na

adm ni stration also include pessaries, tanpons, creams, gels, pastes,
foans or spray fornulatlons contai ning such carriers as are known in

the art. to Heirapp b@ either single cryB0 S@ge rofigdly Emicg Ibastdhemiopmgmabss @'the specific
t r ansder mal :%Water ?‘ataifegff]j'ai}sf Slace r?a}ﬁ]f;é’a “r'i!isth‘ ,Z”f, diesh (vaty i e Eiﬂfuld dayers, variable
pOV\d ery, Sphgy §f’wa mil d ﬂl [ cr;js Q)pé'dma lgﬁ H$s§ ons,

pat ches. andsdnmﬁaic&ﬁgesﬂere ;Laangaﬁtahnyla thbefuﬁex RATAGRE M e i xed
under steri [Messeofdrssidedst 2k RIE a phar maceutical | y- acceptable carrier,
and W th anyipreler i gt & 198r propel | ants which may be
required. O ntnments, pastes, creans and gels may contain, in

addi tion toAkiukaXicif DO TS , PG I P HEGHISG oSUKInAS” & 1{&% RR% and
vegetabl e fats, oils, waxes, para flns starch, tragacant P ul ose

der i vat FifASENINGS| @ psnd) létﬁéchgwewéo dgnaty dsrredymaerphie g eénfasmnmcqsc,further
aci d, td@écﬁb@d“ﬂen%innﬁy ) %ga @E: gﬂextrnufn%ﬁz P@aﬁg S%fan x- ay dlfi?a%p%?in% @firential
sprays can contain,”in a dition to a rifaximn f

exci pi @mnmr@lmmrmsemyadﬁta)élégur@all andsd)| i irm r‘;?lcom;vrm’s lammrayrpomddr diffrabeion
cal cium.silic at es

S obet amedit pEAL SRR aPRUPRY SEaRR!T e (BT Mg Dleck BER G 4t ghout 4.7

such a$d@ih>lem)r Gf3| und 6f2ydbpaeabins aaatbur JleatdolBlel)nS 8osdd 1048 eegTees 2-0; or at

hydr oca bo utan and pr.opa Xi

pol ymoABRey2: &dh & 555 farra i ot g bkt H12 gpleth 5%,9 Geied) a2 (dogbled
acconpldeghad-Byorlit @B i703 188, é’fﬁlU@@J&loﬁﬁEt@%@éreesll PASUTBbouR 73D 8l bk,
or solid gartlcles cont ai ning the cquoun non- aqueous (

Tl Lor 08 Bl degrash a1t aptpbaH I LSRN CLbI T (Seublonc 5. Sof 16 Ssbies +0r e a
ar e r I t n t

oy ch Shai s s OmIS8 2 (e T8 GetRORONG: MBS0 3,90 Elen, 10.5,
2009/ 1e8J 30PCIvubBPCRe/68%-096r at about 4Add@.dllﬂbl6§ 64y 6301.6 {dubleg)es.2.f%6, 9.5,

exanpl b t ) ti r su .0

agent ﬁggéﬁﬁgd’MAt%'cong%qu ngZﬁﬁﬁk%kéggﬂ§§ﬂ@y§§§3§ ré2%2&W#@?%
and st abi2l (daes) dé@iﬂ@s Q. rFens, madbes idadtifiddzad Shatadtyriast it oh®er more of these
requirenents of artlculg{ conpound, but typically include

non- i oRPETSIFFY Oéiﬁ? O TORSSh ¢ pepks;05 Rpials in e 8 i3Syet hyl ene gl ycol ),

i nnocuous pp\@h@émﬁer&hkenfﬁﬁma}nwm FFonﬁ b AmEPh 8 *FS 61 Kfdxbhnin”
lecithin, anmino acids such as glycine, buifers, salts$, sugars or
sugar an¢SHERENINART rsdised detprehaigesply te derase sheepolymerphics foromfcrifaximin as
sol uti 1 r

o ovi d gy deseribsdHeARE I P Lol BRSO ol R0 S A AR icure 3
body. 8utmettedagé nfasingssuclarforive Fewhe nbypngrisesot-viyngpvater difﬁrpﬂml magemnhgeak

oot eadBsifiE PHORE ST M7 S SIRER A eI, Tob RS L SRR S E e
of suclB.& dagxees arp; loe 6dOMI3y; ehd e:m fdygxeestile;rcl)rgs&n?v? %‘?ﬂ &8 ﬂ@gr;ess%g?';dr(ﬂ 1,y

nb di s h
ol - I5 iRt T & bitnks i SeBe Ry GO ik 814 padeiees 29 s
and thend ute dogfc8s 2bSEr §8Nk eMldat Sde@scstRb,NG 9 td Minli RS SGPRE 29f; ok 81,

i nvention. Phar maceuti cal conpositions suitable for parentera

admi ni gt 261 6R, Htynd dAgdegiseoh8; @S- Jrérle7 Bi T-8xT HisB. |dal7ﬁ¢ﬁteph%-§)0r|5n3 6.1,
conbi naty oy Wit h199€ a%gre@pé% phas eceut i gal byanﬁq%p&e |e§2%t 874461

i sot oni ¢’ aqleous or noffaqucols sol ut'i ons,” di sp su spen5|on§ of
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In conbination therapy treatnent, both the conmpounds of this
invention and the other drug agent(s) are adm nistered to manmal s
(e.q. hu or female) by conventional nethods

may be adnlnlsgereg}ln a single dosage formor in separ&%@ﬁaﬂgg 5
forms. Effective anounts 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 determ ne the other therapeutic agent's
opti mal effective-anount range. In one enbodi nent in which another

t herapeutic agent is admnistered to an aninmal, the effective anount
of t he 7cHMP0 BBdarelf 12t hdegrdes L e Fommn insyy be sdentifiehanidichamé e dzeddibyenaopmpte of
in case the other t eutic agent i.s not. adm,ni stered. |In another
enboa S PAERECE IR PUCSIIGG AL TEPeq R ar BURGIRIEGTE - agant i o | ess
than its effAeebidigerénDiifhxinh B&gest MR rBQTdehoddh L hiEormN\WERifh:@in Sand
not administered. In this way undesi r ed S|de effects associated with

hi gh doSEXIBN tgjafese a@tswbarw&gﬂ,b Bdo epatarthearelyreyrple forar ehfifagimin as further
advant 3gesibéd RGEMdiyD %rvuxtlttatet oté @9 tndiel RBicd FOY ag cﬁf}@ﬁftg a%ggtmnﬁtemat

and/ or reduced drug cost) W e apparent to those int

art. data, ofhptyiges @U@O@ﬁbbfﬁlﬁ%‘m 5l —tlAend Berayd) end (nethgds ofomaping sush thonm.
or then t t s a

ess o goipARF Ak pltfor UFRARG! SHEH DokE BodhAR Ry RoBE bR SRl y ay
about Detidensifiodian® cttamutenzaqb &y tone atr rmi:ne) of th2sdhparargetts aabouiond oh oksS of the
apart, _at about 3 hours to about 4 hours apart, at about 4 hours to
about  BEHSIF BOWSAP N TaRES hout 5 hours to about 6 hours apart, at

about 6 houns dsed abeiH, “?1fzthﬁﬁ13n1@W:litE Foth,”aiFkih micdlélP S‘pb BBl tneSylate,”
hours apart, at abqut hours to about 9 hours apart at about 9

nour s FBSEN gty 1atb Of Blpam A g RB G0y Oy FEU eBOtReaY (ot the
apart, gttt folh JFMESmidCa s d@s%nﬂ&ijﬁe?mﬂ@?rﬁ)r e S‘?\?QH@ 0131%01% LS of

to 18 tlt)ours apart, 18 hours to 24 hours apart; to 36 urs
apart, aB&- tap Giféractogam (agres Hparl8) aud nistheds of maBmgtﬂodt frapaMesylg2 Form

hour s t n

hour s Sanflebgler thde RS En! Rl oI SeBRAC) ol BR3P
part. ba idmefied amtlcl&mztmﬂtzeré by Dne tov\mme ofihee phanetpisemd@r @ne or more of the
adm ni stég{ged Wi gﬁt he same subject's visit. WO

2009/ 168/3EPPT 5820597885192 In certain embodi nents, one or

nore CONPOURFSusBChceddig, Ofifaliiif PEHEanbiAbaR? eFoke - Mo tttru@phaﬁdaeﬁfaﬁmqﬁ
therapeuti ¢ agents) are cyclically adm nistered. cI I ng t her apy

i nvol vé@omb@uaonw Htegtmfatqhatg%bly e fiﬁrr%ft the REPEHPUY @r@ls of g %im@tformed from
pr ophy tq?eetan@captnsttb@it,ﬁlnﬁtﬁotﬁnagaetfzmtsosf ARRREH G Aithd cnﬁeelﬂefb\t\? DYy
the admnistration of a’'second therapy (e.g., a second prophyl act

or thersgrenlei encagermiref praks of ean adamfdlﬁftantegraoptlndn@hg y7.3 f(@lbnrowmatebtxalo

th d t 1

ther o BAARA 307X (d AL hRSRARY, &8 140 BHBIRAERYD SneRlmum) dogpocs
tEi sdséeﬁlt;emt |5alt I(a]tintamosphtoas |1mtt% ran@) 1. Btd7(8y:(ir1]rﬁor'pﬂ01&r tslo taﬁgdf)egmdelS 8
t he evel opnen 0, rest s nce ra S | or,
e R heb ] AR S B s g G i5pEDoT S anpesmate

t he ef hhleagakimm}, ARd 1 heria® @orphous hald ﬂang‘egﬁéﬁfbék 2ehedi TNt ?a:mérfilﬁ)us halo
adm ni stration of the same caonpounds nma e repeated and the

adni ni §88b 7 Sridpnieimate helaympdmammpdds. 8| (ém@mmat%tgalo maxiays) deererss0; op
days, 30Q.ggy ?amol‘?ndi@lﬁlo rg’rg%?gaﬂ? %apﬁ&)xgﬁ’z}fé hald gmﬂﬁlﬂﬁ), Izﬁeﬁf?@' Esdmogphous halo

nont hs, or at | east ) t her enbodi nents,
adni ni sangal i16:8 @meherwéfahﬂmm@mpm) (degrges, 20y @ggrbatc)tdissohution,tmrcﬁffaanﬁiad

agent) ot her rif.axismn be_repeated a
e ) SEae e A, U (e P BRI A TRt S FR8E! G 0E s4HG0ed an
days, tﬁhraia@t&ed | )17) odamsmor&(bf dQY6parélrﬁet€|l&)ﬂﬁd/0120rmmﬂ h’ﬂﬁe of7the &sks or Foints in the
nont hs, or at |least 6 nonths. Certain indications may require
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Form 7 is a hygroscopic crystalline nmesophase. This form denonstrates
1.2 - 3.8% weight loss by TGA and appears to nelt at approximtely
203 C (Ta Rifaximn Form7 was obtained fromsolution in
et hanol/m&gf&k{l%%or es. Solids were obtained by crash @g:g{qssﬁ(gglg.ﬁwz

et hanol /water (1/0.45) solution in an ice bath and air drying for 45
m nutes and froma Forma slurry in ethanol/water (1/0.5). TO

anal ysis denonstrated a 1.2 to 3.8% wei ght | oss corresponding to a
broad endothermat 89 Cin the DSC curve. A m nor endotherm observed
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Susceptible to a bowel disorder is meant to include subjects at risk of developing a bowel
disorder infection, i.e., 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 langnage “a prophylactically effective amount” of a compound refers to an amount
of a compound of the invention of formula (I) 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 ecmbodiment, 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 diarrhes, including anaerobic strains. It
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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 §, 1 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 vifaximin, 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
Cuax values from about 0.0 ng/ml to 5.0 pg/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 §, 1, 1, o-dry, B-1, B-2, e-dry, mesylate or amorphous forms can be
advantageously used as pure and homogeneous 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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after three days showed conversion to Form y under 43% RH; Form y -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 1 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 + ) 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-Ka2 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 7, however the glass
transition temperature was not apparent from the data. Modulated differential scanning
calorimetry showed the glass transition (7j) 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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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 B-2, Form e-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 diseases 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 are 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 devclopment of
that disease state in the subject. A clinician skilled in the art can readily identify such candidate
subjects, by the use of for cxample, 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 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, 1BS,
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 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.

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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Pharmaceutical Preparations

Embodiments also provide pharmaceutical compositions, comprising an effective amount
of a rifaximin polymorph (e.g., Form {, Form n, Form o-dry, Form 1, Form -1, Form B-2, Form
¢-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 trecat Travelers’ diarrhea, see Infante RM,
Ericsson CD, Zhi-Dong J, Ke S, Steffen R, Riopel L, Sack DA, DuPont, HL. Enteroaggregative
Escherichia cofi 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 Jowrnal of Gastroenterology. May 2003,
Volume 98, Number 5, all of which are incorporated herein by reference in their entirety.

Embodiments also provide pharmaccutical compositions comprising one or more of a
Form ¢, Form 1, Form o-dry, Form 1, Form B-1, Form B-2, Form g-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 sclected, for example on the basis of desired amounts of systemic adsorption,
dissolution profile, desired location in the digestive tract to be treated, and the like.
Embodiments of the pharmaceutical composition further comprise excipients, 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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In an embodiment, the rifaximin polymorph is administered to the subject using a
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, onc week, two weeks, three weeks, or four weeks after the
pharmaceutically-acceptable formulation is administered to the subject.

In certain embodiments, these pharmaceutical compositions are suitable for topical or oral
administration to a subject. In other embodiments, as described in detail below, the
pharmaceutical compositions of the present invention may be specially formulated for
administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
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 acrosol, liposomal preparation or solid particles containing the
compound.

The phrasc “pharmaceutically acceptable™ refers to thosc 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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cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7)
talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonsecd oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, 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,
cthylenediamine 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, aerosol 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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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 n, Form u-dry, Form 1, Form B-1, Form B-2, Form e-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 7, Form o-dry, Form 1,
Form -1, Form B-2, Form g-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 1, Form a-dry,
Form 1, Form B-1, Form B-2, Form e-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, ethers of fatty polyoxyethylene alcohols, esters
of fatty polyoxyethylene acids, sorbitan monostearate, glyceryl monostearate, propylene glycol
monostearate, polyethylene glycols, methylcellulose, hydroxymethyl propylcellulose, sodium
carboxymethylcellulose, 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 tale, calcium stearate, magnesium stearate, solid polyethylenc
glycols, sodium lauryl suifate, 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 thercof.

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

35



Final Form[3-1 58% RH, 3 days 13+peak 44.87 2 0 0-1 33% RH, 4 days
i jJ3-1 94% RH, 3 days 13 a dry 58% RH, 2 days O achy 75% RH, 2 days

f3 achy 94%%[,9/1%81;@ys 0 EtOH/ H20 (1/0.45) solids V"as%qvﬂ’gzﬁ@/o}ﬁgzo

after filtration O adry

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
chlorofluorohydrocarbons 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. Acrosols 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 cither 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 cmulsions, 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 thereof, vegetable oils, such as olive oil,
and injectable organic esters, such as ethyl oleate. Proper fluidity can be maintained, 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 crystalline, 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 is 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 pharmaceuticals, 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, arc formulated into pharmaceutically-acceptable dosage forms by methods known to
those of skili 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 is 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 either 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 therapics (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 example, travelers’ diarrhea
treatment may only last from between about 12 hours to about 72 hours, while a treatment for
Crohn’s discase 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 hercinbefore. 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 example, one or more of a Form ¢, Form 1, Form a-dry, Form 1, Form
B-1, Form B-2, Form &-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 vy

Form vy 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 (1/0.45) solution in an ice bath and air drying for 45
minutes and from a Form a slurry in ethanol/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 attributed 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 v-1 ({)
Form v-1 (§) is a crystalline mesophase (Figure 1). The material was generated by
slurrying Form o 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 y -1({) under 58 and 75% RH, and Form p+
¥ -1(0) 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.

Form 1
Form 1 was generated by drying Form { (Figure 3) under vacuum for onc 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 detcrmined 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).

Amorphous Material

Amorphous rifaximin (Figure 4) was prepared by milling Form y or Formsy+n at
ambient temperature. Amorphous rifaximin was physically stable under various relative
humidities and exhibited a high glass transition temperature 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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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 ethanol/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 cthyl acctate with heptane, and showcd two broad endotherms 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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a) SE, 5 days; b) seeded with g (LI M5 88434) orange; needle; B&E C
EtOH/ 1-120 1/0.02 nL slurry, anbient, 3 days orange; irregular;

fragment s, wB&mongA¢Y H20 1/0.1 nL  sluny, anbient, 3 day§Rb@0e8192
fragnents; B&E EtOH H20 1/0.25 nL a) SC, refrigerator b) seeded with

& (LI M5 88434) orange; needle; B& 4 EtOH H20 2/0.5 nL slurry,
anbient, 5 hours -

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 milling 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 giass, not birefringent amorphous, 2
halos
p-dioxane: e orange solids, not amorphous, 2
HO0 1: 1 lyophilization birefringent halos
elhyl CP w/ bright orangc, amorphous, 2
morphology unknown,
acetate heptane Lo halos
not birefringent

Table 3: Characterization of Rifaximin, Amorphous Samples

Technique Analysis/Result
XRPD amorphous, 2 halos

45



cooling: 3 Ch, 70 - 20

C EtOH/ H20 1/0.45 nL Et OHWO0 1/0.5 nlL control
20 C anbient for 3

Cin solution C control cooling: 3 Ch, 70 -

days 0-1 wo Réesrsgool in ice-water in solution C shi I‘B’I'mﬁoog{(ifsﬁm
days; air-dried and stored at ambi ent 3 days |ight orange; sna
needl e; B&E 7-1(0
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 1o peaks, possibly amorphous
XRPD amorphous, 2 halos
DSC*® broad endo 79, broad endo 204
cycling DSC* no T, observed
modulated DSC 1o 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 10 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 (%) at a cerlain temperature; weight changes (%) are rounded 1o 2 decimal places; temperatures are rounded to the
nearest degree.

¢. See 3436-54 for calculations.

d. See 3436-55 for caiculations.

Table 4: Stressing of Rifaximin, Amorphous Materials

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

a. Sample was analyzed by both Inel and Bruker XRPD to confirm result,
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EtOH/ H20 1/1 nL SC - 13-1 - orange; blade; B&E 13-2 sluny
2230-93-02 (f3 br), anbient, 2 days (3-1"' post single crystal
sanpl e 223@®0 @@ @3¢f3 br), in solution - 13-1 ' slurr T(l?ﬁpd9§ 192 2
days; air-dried and stored at ambi ent 3 days orange; sma needl es;
B&E

Table 5: Milling Experiments for Rifaximin, Amorphous Materials

Amorphous Conditions Observations XRPD
Sample Source Result
lyophilization 10 min, at 30 Hz, bright orange,
from p-dioxane: | scraped sides, 10 | motphology unknown, | amorphous
water 1:1 min, at 30 Hz not birefringent

10 min, at 30 Hz, bright orange,
Cf; ﬁrl? E;I})Et;?l?c scraped sides, 10 | morphology unknown, | amorphous
min. at 30 Hz not birefringent

Table 6: Characterization of Rifaximin Form & dry

Analysis * Conditions Results
XRPD Inel Form g dry
DSC Method B (25-350-10) endotherm (major broad) 93 °C
crimped pan endotherm (minor} 219 °C
TGA Method A (00-350-10) 1.8% from 20 °C to 100 °C

a.  XRPD = X-ray powder diffraction; DSC = differential scanning calorimetry; TGA = thermogravimelric analysis.

Table 7: Characterization of Rifaximin Amorphous

Analysis * Conditions Results
XRPD Inel amorphous
DSC Method A (25-250-10) endotherm (major bread) 78 °C
crimped pan endotherm (minor) 203 °C
DSC Cyclic DSC Glass transition not determined
MDSC Tg (glass transition) 199 °C
TGA Method A (00-350-10) 1.5% from 21 °C 1o 100 °C
0.7 % wt loss upon equilibration at 3% RH
MB } 11.6% wt gain from 5 to 95% RH
11.3% wt loss from 95 to 5% RH
nfbk ref. 2329-50
Post-MB XRPD Inel amorphous
FT-IR 100%API, 256 scans conforms to structure
FT-Raman 100%API, 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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Et 011/H20 2/3 mL SC - 13-1 ' H20 slurry 2329-03-06a (13-1),

anbient, 1 days; air dried 7 h light orange; fragnents; B& a + (3 .a
, 0 envi sewiomowaked. SE= sl ow evaporation; Sc = slow 99@'135%09/&51928&E
= birefringence and extinction. c. Sanples were determn

solution in a capillary. WO 2009/108730 PCT/1JS20091035192 Tabl e
20- Rifaximn Drying Experinents Starting Material LIM No.

Condi ti ons Qbservations a XRPD Form

Table 8: Post-Moisture Sorption/Desorption Analysis

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

from 95% RH to 5% R,

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

Form B-1
a-axis (A) 13.8586(8)
b-axis (A) 19.7475(11)
c-axis (A) 16.5935(9)
] 91.568(3)°
vV (A% 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

B-2 under N, atmosphere, 20% RH, 3 days o

H20
p-1 slurry 2329-03-06a (B-1), ambient, 1 days; o+
air dried 7h

o dry 43% RH, 4 days o+
o dry 43% RH, 11 days B+ (a)
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a dry vac oven 50 C, 1 day a dry vac oven 50 C, 1 day vac oven 60
C, 1 day’ a dry vac oven 60-65 C, 3 days orange; fragnents; B&E a

dry underwii2oewmesphere, 20% RH, 3 days orange; fragr@EmiisoRsHoR
vac oven, 40 C, 1 day orange; fragnment; B&E a dry & vac oven 60-65

C, 3 days

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

Initial Form Conditions Final Form
B-1 58% RH, 3 days Bpeak @4.87°2 0
p-1 33% RH, 4 days B
B-1 94% RH, 3 days B
o dry 58% RH, 2 days B
o dry 75% RH, 2 days B
o dry 94% RH, 2 days B
EtOH/H,O (1/0.45)
5 solids washed with H,Q after filtration B
qdry 43% RI, 4 days a+p

Table 12: Form p-2

Initial Form Conditions Final Form
E1OH/H,0 (1/1)
o dry sSC B-2
Solids air dried

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

Initial Form Conditions Final Form
E1OH/H,0 (1/0.5)
o dry slurry, 0 °C, 2 days; T-1(5)
air-dried and stored at ambient 3 days
E1OH/H,0 (1/1)
o dry slurry, ambient, 2 days; v—1(£)
air-dried and stored at ambient 3 days
[ 38% RH, 3 days 1)
4 75% RH, 3 days v—1(£)
4 94% RH, 3 days B +y=1(5)
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fragnents;
I n hood

or ange;
open vi al

B&E s dry C stored in refrigerator 3 weeks

orange; small fragnents;

B&E 7 C vac oven,

ccC

anbi ent, 1wdmso®iegnge; irregular B&E 1 C vac oven, 45 ﬁ@nﬁﬁﬁ@%ﬁswz

fragnents;
B&E Y

or ange;
i rregul ar;

B&E 1 C air dry 2329-06-

vac dry 2329-06-02a

Table 14: Formy and Mixtures of Form vy

02a dark orange;

Initial Form

Conditions

Final Ferm

o dry

EtOH/H,0 (1/0.25)
Sturry ambient, 2 days;
air-dried and stored at ambient 3 day

o dry

EtOH/H,0 (1/0.5)
slurry, ambient, 2 days; air-dried and stored at
ambient 3 days

air dry 2329-06-02a

open vial in hood

43% RH, 3 day

b2 (= |

E1IOH/H,0 (1/0.45)
crash cool in ice-water; air dried 45 min.

-2

vac dry

Yim

J‘vﬁg_ﬁﬁﬂ

slability chamber
75% RH@40 °C, 1 day

C+y

a.  Non-cGMP.

Table 15: Form § and Mixtures of Form ¢

Initial Form

Conditions

Final Form

g

stored in refrigerator 3 weeks

&

o dry

EiOH
slurry, ambient, 3 days

o dry

EtOH/H:O (1/0.02)
slurry, ambient, 3 days

a dry

E1OH/H,O (1/0.1)
slurry, ambient, 3 days

o dry

EtOH/H,0 (2/0.5)
slurry, ambient, 5 hours

G
4
€
G

o dry

EtOH/H20 (1/0.45)
control cooling: 3 °C/h,
70-20°C

o dry

EtOH/H20 (1/0.45)
crash cool in ice-water

o dry

EtOH/H20 (1/0.25)
a) SC; refrigerator
b) seeded with £ (LIMS 88434)

o dry

EtQH
a) SE, 5 days;
b) seeded with £ (LIMS 88434)

stability chamber
75% RH@A40 °C, 1 day

C+y
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dark orange; irregular: B& 7 + 1 71 vac oven, 40 C, 1 day orange;
fragnent; B&E 1 a REP =1-aralnnaaaaa anti Table 21: Gindin
Starting MaoexoedostsoMS No.  Conditions Observations a XRAAd060s3102
ground at 30 Hz, 10 mmn (5 mnute intervals x2) a few particles
orange; fiagnents; no B&E except of anorphous ground at 30 Hz, 30
mn (15 mnute interval sx2) orange; fragnments; no B&E except of a few
particles _

Table 16: Form ¢ dry

Initial Form Conditions Final Form
£ vac oven 60-65 °C, 3 days gdry
] P»0s, 3 days g dry

Table 17: Form n and Mixtures of Form 0

Initial Form Conditions Final Form
1 vac oven, 40 °C, 1 day il
& vac oven, ambient, 1 day n
g vac dry Y+
[ vac oven, 45 °C, 2 days n

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

¥ (5 minute intervals x2) amorphous
ground at 30 Hz, 30 min

¥ {15 minute intervalsx2) amorphous
ground at 30 Hz, 45 min

7 (15 minute intervalsx3) amorphous




anorphous Y + 1 aR =
m nute interval sx3) G = orange;
2009/ 10873WaPmWY/1082009/ 035192 Tabl e 22: Stressing Undepq
Rel ative Hum dities Form Condi ti on? Cbservatio

a P205, 4 days dark orange;

hi rrfr4aannaa. ground at 30 Hz, 45 mn (15

Initial

fragnents;

irregul ar particles;

B&E a thy

Table 19: Crystallization from EtOH and EtOH/Water Mixtures

no B&E anor phous

nﬁﬁy&@éﬁ?}or m

®

Solvents Conditions * Observations XRPD Form
EtOH slurry, ambient, 3 days orange; fragments; B&E ¢
a) SE, 5 days; . .
b) seeded with & (LTMS 88434) orange; needle; B&E G
];:}B)Eﬂig slurry, ambient, 3 days orange; irregular; fragments; B&E 'S
Fit/%}lyiio slurry, ambient, 3 days orange; fragments; B&E c
EtOH/H,0 a) SC; refrigerator ] .
1/0.25 mL b) sceded with & (LIMS 88434) orange; needle; B&E §
%}8}51/5]25 slurry, ambient, 5 hours - ¢
EtOH/H,O control cooling: 3 °C/h, in soluti
1/0.45 mL 70 - 20 °C in solution .
controd cooling: 3 °C/h, 70 — 20 1*
°C; ambient for 3 days ) B-
crash cool in ice-water in solution £
shiry, 0 °C, 2 days;
ﬁb%lgjif air-dried and stored at ambient 3 light orange; small needle; B&E 1)
’ days
EtOH/H,0 c
1/1 mL SC - p-1
- orange; blade; B&E B2
sluiry 2230-93-02 (B br), ) 1
ambient, 2 days p-
post single crystal sample 2230- ) L
93-02 (B br), in solution p-
slurry, ambient, 2 days;
air-dried and stored at ambient 3 orange; small needles; B&E 7—1(L)
days
EtOH/H,0 c
23mL SC - p-1
shury 2329-03-062 (8-1),
H;O ambient, 1 days; light orange; fragments; B&E o+
air dried 7h

LIMS 88046 used as starting material, otherwise indicated. SE

b. B&E =birefringence and extinction,
c.  Samples were determined in solution in a capillary.
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| i ght orange;

a dry 58% RH, 2 days
smal |

75% RH, 2 days |ight orange;
RH, 2 days wWo giep/1@aramnge; snal |
days dark orange;
days orange; |arge fragnents;
fragnents; B&E 13

Table 20: Rifaximin Drying Experiments

smal | _
i rregul ar particle;

138rF a thy 13- 1}@%?95&%9331”4

3 days orange;

I rregul ar

i rregul ar particles;
B&E 13 B-1 75% RH,

particle; B&E

i rregul ar particle;
B&E 13 94%

B&E 13

Starting
Material Conditions Observations a XRPD Form
LIMS No.
«dr vac oven 50 °C, 1 day - o dry
4 vac oven 50 °C, 1 day
vac oven 60 °C, 1 day' ) a dry
o dry vac oven 60-65 °C, 3 days orange; fragments; B&E o dry
0,
B2 under N, atmozg?:rc, 20%RH, 3 orange; fragments; B&E “
vac oven, 40 °C, 1 day orange; fragment: B&E o dry
g vac oven 60-65 °C, 3 days orange; fragments; B&E g dry
[ stored in refrigerator 3 weeks - [
C open vial in hood orange, small fragments; B&E ¥
¢ vac oven, ambient, 1 day orange; irregular; B&E 1
£ vag oven, 45 °C, 2 days orange; fragments; B&E M
¢ air dry 2329-06-02a dark orange; irregular; B&E ¥
vac dry 2329-06-02a dark orange; irregular: B&E Y41
ul vac oven, 40 °C, 1 day orange; fragment; B&E 1
a. B&E = birefringence and extinction,
Table 21: Grinding
Starting
Material Conditions Observations " XRPD Form
LIMS No.
. ; fragments;
ound at 30 Hz, 10 min | ©'2R8C; Hagments;
g(rS minute intervals x2) no B&E except of amorphous
. a few particles
ground at 30 Hz, 30 min | 972BS% fragments;
(15 minute intervalsx2) 10 B&E excepl of amorphous
a few particles
ground at 30 Hz, 45 min | orange; fragments;
v+ (15 minute intervalsx3) no B&E amorphaous

a. B =bircfringence; E = extinction




8 P205, 3 days dark orange;
43% RH, 3 days Orange; snall
Orange; snso 2002373l e; B&E

smal |
particle;
75% RH, 3 days
B&E 94% RH, 3 days light orange; small particle; B&E

Or ange;

irregul ar particles;
B&E 7 58% RH, 3 days

S /Esﬂﬁsrfﬁsisfolze;

B8CE s dry ¢

stability chanber 75% RH@40 C, 1 day orange; needle; B&E C Pt
Table 22: Stressing Under Various Relative Humidities
Initial Form Conditions” Observations XRPD Form
o P;0s, 4 days dark orange; irregular particles; B&E o dry
o dry 58% RH, 2 days light orange; small irregular particle: B&E B
75% RH, 2 days light orange; small irregular particle; B&E B
94% RH, 2 days light orange; small irregular particle; B&E B
B P,0s, 4 days dark orange; irregular particles; B&E o dry
p-1 33% RH, 4 days orange; large fragments; B&E B
p-1 75% RH, 3 days orange; fragments; B&E B
& P,0s, 3 days dark orange; small irregular particles; BXE g dry
¢ 43% RH, 3 days Orange; small particle; B&E ¥
38% RH, 3 days Orange; small particle; B&E y=1(&)
75% RH, 3 days Orange; small particle; B&E —1(E)
94% RH, 3 days light orange; small particle; B&E B +v-1(&)
¢ stability chamber . .

75% RH@40 °C, | day orange; needle; B&E 4y
amorphous 43% RH, 5 days orange; small irregular particles; no B&E amorphous
amorphous . . s

58% RH, 5 days orange; small ureg%]ngamclcs, mostly no amorphous
75% RH, 5 days orange; small meggl;r Epartlclcs; mostly no amorphous

a.  All samples stored at room temperature unless otherwise 1o

b. B = birefringence; E = extinction

Materials

dicated; RH = relative humidity

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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anor phous 43% R_H, 5 days orange; small irregular particles; no B&E
anor phous anor phous 58% RH, 5 days orange; small irregular particles;
mostly no B&Roemrmstsaous 75% RH, 5 days orange; small ipd@asbossioz
particles; nmostly no B&E anorphous =re a ve tunt b. B = _
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

. \ L as . Ccated to
wei ghed nt Ej rifaximn in vials. Mxtures were sonica
achi eveC%gkprrg?(gf(ge I ssolution of solids. The solutions were then

filtered i ntA sehplawfYifadigin (BRI SaWe1/8 45 b Yo s MaARAK 35 @Eo AR £k
condi ti ons. V\D_lg0091108730PCT/ uS2009/ 035192% gsl% %00? S%% 1?g H
nylon filter into a clean vial. The vial containing the solution was then rapidly cooled by

submersion in an ice bath for several seconds. Solids that precipitate were collected by filtration
and dried.

Slurry Experiments
Test solvents were added to rifaximin in vials such that excess undissolved solids were
present in solutions. The mixtures were than slurried on a shaker block or rotating wheel at

subambient or room temperature.

Stressing Under Various Relative Humidities (RH)
A vial containing rifaximin was placed uncovered within a jar containing phosphorous
pentoxide (P205) or a saturated salt solution in water. The jar was sealed and stored at either

ambient temperature or in an oven at elevated temperature.

Slow Cool (SC)

Saturated solutions of rifaximin were prepared by slurrying excess solids in the test
solvent at elevated temperature. The saturated solution was filtered while warm into a clean vial.
The sample was allowed to cool to room temperature, and then further cooled to sub-ambient

temperature using a refrigerator, followed by a freezer.

Milling

A solid sample of rifaximin was charged to a milling container with a milling ball.
Samples were milled for 5 or 15 minute intervals (2 x 5 minutes, 2 x 15 minutes, and 3 x 15
minutes) at 30 Hz using a Retsch MM200 mixer mill. Solids were scraped from the sides of the

vial after each interval.
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A sanple of rifaximn in ethanol/water 1/0.45 was prepared and passed
through 0.2-gmnylon filter into a clean vial. The vial containing
the sol uti wo wawidstsen rapi dly cool ed by subnersion in ap i’.,ﬁsmpﬁsg {zor
several seconds. Solids that precipitate were collected %y I P?on
and dried. Slurry Experinents Test solvents were added to
rifaximn in vials such that excess undi ssolved solids were present
in solutions. The m xtures were than slurried on a shaker bl ock or
rotating wheel at subanbient or roomtenperature. Stressing Under
Various; Rel ati v um dities (RH) A vial containing rifaximn
was pl a@gﬁuﬂﬂg%ﬁg%ﬁq‘{ﬁt hin a jar containing phosphorous pentoxide
(P205) XrrapPewdel DafiREHSAIARES Ution in water. The jar was seal ed and
stored at. either anbient tenperature or in an oven at el evated

t enper a adzug| oy Cool (SO Saturated solutions of rifaximn

wer e prepar egl i solids in the test, solvent at

el evat ed terrp(I;g%/ptoﬁjrdgl.r&1 %giglgfura )e%ilagg?siﬁ'?%Reﬁ?ﬂ?‘egiuﬁ’flgﬁéan’@ﬁﬁ‘@ SRIAPIR0

into a ¥freapowdealdiffiittemsampkieg \GasK alrhdii@sh. t Dhe RQIruhht 190 ipped with a lon
n

t enper re, and then further coqled to sub-anbient tenperature usi
a refr ?%néér g)tc}ﬁ' ?H]Faéﬂ T”g%edﬁbﬁ‘y tubes yoligge and ymperagg were set 4o <6l k' @mdngl enA,

of rif axdpattiveWaSTIRNA@BEhcE And sdikblidNdi inerowith a mlling ball,
Sanpl es_ wer e elfn}?! | ed fo% Eg or i%&thlilnirﬁ}%é&?%egsre ?/égtl 'S 409 the mecqiyipg s Mgwasseiat
15 ni nift Bsmmg naiffzasted g distion wes Jletatte BBy kNabstingllatioRet&6ir, VAR BinkRlous

mill. j r somthe sides of the vial after each

Mt ervarn b BT I R0 205148 “PhcteLireh: B sheonmianiiee was
X-ray Rowgex O fHetlackd 0RtrRRD SRR DR, g i

di 117 agt 00 (00 anal yses \Aerlgﬁgerfor qe‘aver&s?°%1§°t%@éﬂ‘.ﬁ)%‘é@%ﬁ%ﬁﬂ%&&
X-ray % 0004 £ Sepplrbvete Nerg foanrlysis AH ipkcingtherTne sanmlertoidnt i S
equi pped with a long fine focus X-ray tube. The tube voltage and

anperage were set to 40 kV and 40 mA, respectively. The divergence
and sc&¥ering slits were set at 10 and the receiving slit was set at

0.15 mm Di kf LAt detected b Nal scintillation
det ect or . Aﬁ({){a?%&yg@%{ %%%gg%éﬁ%atanﬁgﬁ e é’egfo%‘?fi/ B 23 el XREGH00

2.5 todffag@fctmasquised. with 3i RS (urséapekiich 988iRBAINEAS LRnGMAF kDS s
i nst rugy t alll grrlmgnt. Data were col lected and anal yzed usi ng

XRD61007 70862L\Hnesdaa wergeolleatedipsing Srdiarasiitivo stastivg at sipsrobiynaplla€i°Dg at
them i fesgiuBeMRk e dorHer .1 X-yay powder diffraction (XRPD)
anal ysesS \}\l/ergi pg)r@gr%;d %hse?ﬁge gﬁlt?%'?e?n(g@ép%ﬁ%ﬁ)w&fef frtalot BfrdtVepnd 30 mA,
equi ppeadpsskivély.a TBPBofd@hramdoRis ivhd b atSEmei Byl MR) il SR GlaRbm M &

range 9%_4302026? Resal ﬁFiérre data were coll ect egl usi%lng ijptlza rp\ggd{hgqli?yc?ﬁq:mm
startiig at approfiPidt BFY prepwed dor analysiobytnagkingfthen 08to0 #0n-whtiel tolise
vol t ageapiligicf MPRER 85N Syl &h respectively. The .
nonochr gnat or _s| i tgﬁpg\éﬁget_ at Oﬁg?eﬁ#%&gé\él@&%ﬁl?ﬁ%rﬁ%dﬁ %t‘%rn?‘?t‘?rgeg to permut
di spl a$RsRAg efmthe epilipry zgrinsalmel @quisttive. prlepsmedest wercamalyysd orb30o sec.
packi ngst-edn: i i | ass capillaries, Each capillary was
nount edSontgtgﬁgﬁﬁkgnﬁsﬁgkﬁ@éégq?ﬁgta Sclkcg’llrﬁqf?ﬂ?‘i“‘féffngﬁdper mt spinning
of the capillary during data acquisition. The sanples were anal yzed

for 3 . st.ru | i ion was perforned using a silicon
refergﬁ%rza%gﬁgér?lp aeF%?rngg@{L"%merat ure XRPD (VT- XRPD)

Var i abl e- t evqrabRttemnper’RROXR ¥ XREROR PGS/ 2P @Héﬁ | U
XRD- 6000 X—éay. owder diffr act(orret er WZqSi g%ﬂg W Sﬁod;%ﬁ %F%ugﬁgéa@op@k

1200 H"YRY AEQPELCE EqHiRped TH I anatpbre Pesad] THa ¢ Xeichipin teanpepinaak@ge. The

hol dersagRe @dydda 0 3 i n i /.0.02 step).
The heatin rgit}é_lgea/glég%o m&éﬁeqﬂﬁ%? |§8§h§flla41g}:f‘r%é%§§‘t gﬁfﬂ‘?ﬁ‘éﬁsﬁc@-ggc’
check stape Thehaatingrate w0 QDS 08 FBRACIHAAGADRRY ABBLR1ANLLANKE Mstrument
Tenperature calibration was performed using vanillin and

sul fapyri di ne standards. Data were coll ected and anal yzed using
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Ref erence XRPD patterns were obtained fromUS or European Patents or
Pat ent Applications and converted to electronic files using

UN- SCAN- | TWie2089/98736. 0 (non-cGWP). Optical M croscopy Quit/6€000/035192
m croscopy was performed using a Leica MZ12.5 stereom croscope.

Vari ous objectives typically ranging fromO. 8-4x were used with
crossed-pol arized light to view sanples. Sanples were viewed in situ.
Thermal Anal yses Differential Scanning Calorinetry (DSC)

Differential scanning calorinmetry (DSC) was perfornmed using a TA
Instru i fferential anni ng cal.orineter 2920. The sanpl e was

pl acedrraﬁ oegth {éffm r%rar%r&cﬁg%a‘ %fh‘,”gsaﬂffﬁ{rﬁ’ﬁ WENG YA dhdagudfppyrdincottensgrds.
The parDatasvecooticaed midtdnaigzed @i oo ¢rd.nped or |eft uncrinped.
The sanple cell was equilibrated at 25 C and heated under a nitrogen
purge at a WD 2009/108730 PCT/ US2009/ 035192 rate of 10 ¢ mn, up
to a fiVatiblRMANBIEALS XAPD ORIEXAPH) | ndium retal was used as the

calibration standard. Reported tenperatures are at the transition
naxi na. NERIAGER IR vos-pesormet on i ShinladagXRD-H0CX Xemy gowdsr Giffrieahaet

o hoat QuBpet G T AR ot Ruiho Rl by SRRl heSimpt

Cal or i rmeasrpacked in a @yanli¢ bo BSCindamalyecd fromeXt-46 P2e0ate8 Frrid (U4 STED2P Step) at

2920 di nt.i.al,,seanni cal.orineter. The sanpl e was placed into a
ner ot 1A SR P25 EDTRe BHFRRCF Pl himbes SECHRLaRS issondRd pasens
pan wasvare\ellettdviiriig ahis! n€ B3I dVeRO1 AnlifS&! P ithh HobirsThE dXBE R9Fk AR
as fol loﬁﬁﬁ g) Equi l.i brate at -50 C 2. Ranp 20 Cmn to 80 C 3.”

| sot her%rHl2UP) wes escrl 49 measy, the reletiys hymidity & the chaguber (S DRTr sevioThaies
L0 220 5G-dndnUiMioaR sfhadte ol 8fly A2 1 Bieck Bl RRAD i HAIBL Hen PRI Bka

tenperature is at the transition maxi ma. Mdu

Scanni igresplisetedard gnafygeibgying XRD-6 000V Sd. di f f er enti al scanni ng
calorinmetry (MDSC) data were obtained on a TA Instrunents
differential scanning calorinmeter 2920 equi pped with a refrigerated
cool i ndkesyrence KRARCBttermihe sanpl e was pl aced i nto an al um num DSC pan,

and the wei ght. acc |y recorded., The pan was covered with a lid
per f or at ed %e Eeﬁenge Il%lg%]? %ﬁt{‘m’él ¥, opingdy l%l?i‘ ¥ shirarsag| Bajewts ognBatent
t hen hevpptitdtioas hnd @asdred o MeSniafiRs WBREURDIEARET WSIRS. q i on
anplitude of +/- 0.8 C and a 60 second period with an un(ggen?}?y{élrﬁgﬁ)'
heating rate of 1 Cmn from?25 - 225 C. The tenperature and the heat
capaci thmm@icﬁﬁbgp@r ated using indiumnmnetal and sapphire as the

calibration standards, respectively. The reported glass transition
t enper &Ptied gnigroscaptytveds merformmagdriisingen heitd MidR ghitdrearficmstopony aiouk bbjesties

2000/ 1505 UpHTSBE 54 8B erhal MO Rk TSt T By EBaptes Sarmpes

were viewed in situ.

o=

Thermal Analyses
Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry (DSC) was performed using a TA Instruments
differential scanning calorimeter 2920. The sample was placed into an aluminum DSC pan, and
the weight accurately recorded. The pan was covered with a lid and then crimped or left

uncrimped. The sample cell was equilibrated at 25 °C and heated under a nitrogen purge at a
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Thernogravinetric (TG anal yses were perforned using a TA Instrunents
2950 thernogravinetric anal yzer. Each sanple was placed in an

al um num saviptwy/pmmoand i nserted into the TO furnace. T was
first equilibrated at 25 C or started directly from am?gﬁ%E{095&3§192
tenperature, then heated under nitrogen at a rate of 10 Cmn, up to
a final tenperature of 350 C. Nickel and Al unmel Tm were used as the
cal i bration standards. Methods for specific sanples are referred to
as sunmari zed bel ow Met hod A: 00-350-10: no initial equilibration;

anal ysi s s%fa{qtag(%l directly_from anbient, sanple heated to 350 C at 10
O min MEFRYG B BB, tost finghitempgratars dfl 258 raat356 i Cat In@BmGne mBwRY Bsed as the
heat ed ¢a0bR50&s@hdaid } .00-300-10:. no initial

equi |l i bration; an%%&%%&%gﬁgﬂfe?gg%t% eﬁTraBFH%W@ma; sanpl e heated
to 300 C at Methedh: 25358 d0r it inbpyuilftmatidne: 25 ransheam 237 %e4ad «Chly B

The | R spectyg GQHI hed. on_ a. na- | R 860(r) Fourier transform
infrared (FT-I Il?])%s@g)ézg?’ rggéhb@lélr%g?cﬁlr‘l%?%}?é‘raﬁ&s l\ﬁsé’@ﬁ%@ 1o B Gl *Gimih an
Ever-A o md/far IR source, an extended range potassi um brom de (KBr)

beanspl it t.er...and. a.deuterated triglycine sulfate (DTGS) detector. An
attenuadf‘);é:ggpcl)j;fegf:&}azg?aé]@{n& T¢HY) accessory (the Thunder domen{,

Ther no SpectQyalid €DS , wid tHRrBr&r LU I s ed for data
acqui sitj on. The spectraﬂréeprese%ﬁESEGn %%%Iggg%gétga%ﬁgac ﬁfe@e&n@ Segnning
spect r & °FEEEut T Srpla wah placed intec R greometibatiptsenls DS pagCatidi 18 dveight
W th aaseteadyGe St (R.,=. refl ectance) spectrum was
acqui red by { ak(ixﬁgéﬁz ?éﬁ?a@ Jg%g% gls%g ‘Jﬁtvl\ba &gtcgmg’glf%g% friRhale c Fhey meghod
Wavel eﬁ&ﬁﬁsﬁ%\lp%ir ation was perforned using polystyrene. Fourier
transform T R ) FT- Raman spectra were acquired on a
Raman acce?qg?hu(lmjdtc?mt th f.aced to a Magna 860(r) Fourier transform
infrared (F -II the eﬁ rlbg ojreter (Therno Nicolet). This nodul e uses
an excitati Q'n ﬁﬁ’f 18 o084 nm and an indi um gal | i um ar seni de

(1 nGaAs) deg‘e ol g8 Bimtely 0.6-2.0 Wof Nd: YVO4 | aser power was
used to irradi & eaHBI20 “Fhe 59 WD

2009/ 108730PCT/ 1152009/ 035192 sanpl es were prepared for anal ysis by

pl aci ng"dﬂlﬁ% magtlevasaysed 9s shegpadibeationtstandard. Repiotted Rinpgrathe i Bbthel tFandition
gol d- cgakieh t ube hol der in the accessory A total of 256 or 1024

sanpl e scans were collected from98-3600 cm-I at a spectral
resolution of 4 cml, using Happ-Genzel apodization. Wavel ength

cal i br {0t a5 s D Bia%g?ﬁ%én%ﬁéaqgrirﬁ%ﬁﬁf cycl ohexane. Aut onat ed

Moi sture Sorptio sorp e sorption/desorption data

wer e col | ecMedulard alif@tntBGAc R NVapeF; ' : ion gnd
ifaren VapiefimoRy F{Mmﬁaﬁ% g\%g‘é(%b?@fl%i b 'K

desor pi,i dat re collected over a range of 5% rve
humi df)ftnﬁ r}ﬁiﬁs g‘t‘cﬁé\eﬁg’gllﬁﬁ’qnﬁl pectendel <iuipped vitbn phiipgmicdSantitesystem
ver e n@CYYr Tiedsapipicowad flacdBahty Sh S hiIpd | iLgrd:a used for

anal ysis were | ess t?lalga 0. 0100% m%“ﬁgﬁ? %%h%@aﬁ#k% WrﬁI%ﬁta‘é%l,ratWtr?Foged-
maxi nuh i Yas PG ith p kg nstfomitddoutisa lasert fighaletogiibwbi pressuireloas, ARt

net. Datdh t f initial noi sture content of the
ol oo PRk edIRlse R MIOSEdadHiert BuhRl ol o ou iz st - B8dCe

1 3C NueFeafl Reegneé prdoResibramnoele(iivR)hcating rateSHITP °€imMNEEGn PREPRFLE Al

sol i d- C SGO b acking theminto 4 nm PENCI L type
Zi rcorlti‘s'llia{ﬁ%r'r %ﬁ”%ﬂﬁe%&gé’%ﬁ%ﬁ% %%gwgﬁrﬁgéwswrmmtﬁra@dl jappléte amnthe

t he plostibrafiort $tenduidsStesfedtivelys PEgd Iregéﬁ*téllf glﬁémnﬁ%ﬁpibeﬂggu]&&%é’%@&%ﬁom

secti Q. D.Data f.or R faximn Forns ut’ion

dat a \%ger %aﬁggfi%@’i@aﬂ%oﬁi? SIS Fhanee Brthe reversibl heat flov vetenstiehyerpeatcurve.

positions as well as aid in indexing the patterns. Form ( was

successfully indexed using this data. Due to the disorder inherent in

Form 11 attenpts to index the XRPD pattern were unsuccessful. The

XRPD peak list for rifaximn Form ( was generated using the results
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Preparati on Methods For Select Rifaximn Forns Rifaximn Form C
(zeta) Ri faximn (404.5ng) was slurried in an ethanol/water

m xt ure (2O 0oFmisy3oat anbi ent tenperature for approxi S.
Sol vent was renoved by decantation and the danp soli dsngltcg)ru)é%ﬂ%?/ﬁl&%%e
refrigerator for |less than one day prior to analysis by XRPD. Solids
were danp prior to and after XRPD analysis. (Figure 8 R faximn Form
n (eta) After a portion of the rifaximn was renoved for XRPD
anal ysis the remai nder of the sanple was dried under vacuum at

anbi ent f em ture roxi mately one day. Solids were stored in
a dessi giét or g‘%r@‘u“g"rm‘i{a@r@%@ﬁ% by XRPD. (Figure 9) Rifaxinin X-ray

Anor phous Ri leﬁmn@rﬁviﬁﬁﬂidYQTG}:QinHPyyeﬁwéﬁz pmﬁoggg# 2 t];:sebﬁgiq%fsd 2950

m nut e &%CI es i.n a %ri ndi ng Jhar at 30 nut es).
vere sci apEBIVBRre Apekezest Eachesamale widst placeddn lan cuieum Guapkggah aag ks

wer e reia@viie et RRficst ' ain.a icator, prior to
anal ysis. (Figure 10)?1{6)8(%%3% %%%é?gﬁq}ﬁr?tgg (i%n E%ﬁﬂﬁedldﬁé‘fﬂyfﬁ@ﬁ’@b@m
Di f f r actBREREFC: saandipaigdwddar nitidgkn ats raveiof XRRDnighiplty i@ﬁlal"ﬁéh‘?emmre of 350
per f or nRd Wi %8 Iﬁrﬂ@l‘fM%R%"u:)*O(fp |ff1r actoneter equi pped with a CPS
(Curved Position Sensrtivey “get Biboraliration stapdards n Yetlsrds foppetiabamples
ti me dararafmred tcod suwahattedibélgg Cu- K a radiation. The tube vol tage and
anperage were set to 40 kV and 30 mA, respectively. The nonochromat or
slit was set a &-5_ m‘nbg 160 12111. The patterns are displayed from
2.5-40 2 0. T‘gﬁ‘ﬁ}ﬂ &s weP-e>rl Qnerigitial enquilibmations hmlyys parekdidigetlh@omi anttfent,
t hi n-wal | ed _gl ass_cap$anipde hestedre 350 2@l 10 *aminvas nount ed onto a

goni onet er REHBod Bat 253 5b Grinitieldquiibpeivtriat 25, BAYhplg hedted 88502015t | ary
during data_acqui siti bh’C/mire sanpl es were anal yzed for 300 seconds.

| nstrument &athed &t | 090—3\%051leofimliabdquuﬁrm@naar&ilﬁsis%eﬁ%ﬁr@étgp“f%@ra ambient
standard. WD 2009/ 108n0HEkHIER2IRIOATDI2 mAaNal ytical X Pert Pro ’

D ffractoneter Sanpl es were al so anal yzed using a PANal yti cal
X Pert g E&rog‘jsoffractorret er. The speci nen was anal yzed usi ng Cu

radi ation proé’ﬁ’ced using an Optix long fine-focus source. An

el I'i pt Foadidryragsfaethivtddt(Fraggr mrror was used to focus the Cu K a
X-rays of tEE gé:urce t hrough the speci nen and onto the detector. The
speci men was"$ andRiERSETD atanieh o8- anMogrIR B6WKF durlerraansénal heekdi (FT-R)
t r ans MeseeirfhodReARL(T ' tipize orientation

stati strije(%:sf%hA b_ean“r(sgggfEs 2ﬁ1(551§5%Qﬁﬂaéﬁ%ﬁ?%glﬁg@ﬁdg@gaq §PUFReniryextended
backgr Bt ReexEat bentige 4KBrs betnsplitterg.andal ldetitcitddt SighRiR Wagek (BFcs)

t he i ngd j c beans to mninm ze axial di'vergence.
Diffr acét:tig‘gﬁl' pg??gg%{sufa\{ﬁgr {é)?%orleﬁ‘écgatsnga (tfglli@gac&e%gegn fiheglhunderdome™, Thermo

posi t i SpectedsEll)i wathde teenhaiun XGe) efyatadas! t £.r om..he
speci ng| esém 5gat a; 8 ui si tl? 0?1€ Lrg@mat erasS %E&féglgﬁgt%%fc%%?onf%aﬁeg%
are di sBT ayeg o9 eﬁ%éaﬁsr?a eeteskat @ spertiabiesavntion of dappendibacidmtwnd data set

sect i owas &quidéd tvith tah@eaan@d ¥Sha1 aaidol speg NI ST st andar d,
reference material 640c) \I\ﬂ? anal yzdegldH?nge?%%]?%éS%ec?gf‘?li%% by
si | i cofi“iPE P raeakthesepolapmsetsarpinsiesak ofbosi Wevelsngh cRithaon™i 4 fedbfhed

Po. G tiseig gobfstyréneJae 10 (double) 8.6 62 s 6A

Fourier transform Raman (F T-Raman)

FT-Raman spectra were acquired 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 indjum gallium arsenide (InGaAs) detector.

Approximately 0.6-2.0 W of Nd:YVOQ, laser power was used to irradiate the sample. The
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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 wei ght 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 7 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 1 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 i 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 0 were not included in the peak position tables.
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t4q1A149 til WD 2009/ 108730PCT/ US2009/ 035192 Tabl e 24: XRPD Peak
Positions of Rifaximn Form Po,sitioO) lilol fi 171 24 - 1s 79

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 n (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 v + 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 0. Samples were prepared for analysis by packing
them into thin-walled glass capillaries. Each capillary was mounted onto a goniometer head that
1s motorized to permit spinning of the capillary during data acquisition. The samples were
analyzed for 300 seconds. Imstrument calibration was performed using a silicon reference

standard.
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Tabl e 25: XRPD Range of Anorphous halo of Rifaximn FormX-ray Amor h
Position7 5.1 -0a. (who'll:diet 1 1nge) 7.3 approximetei halo.
nilium) |W® 200910738 ftunceplion? balo.r.411,,e) 15. taicﬁﬁﬁo%ﬁdsgﬁf‘t e
lial tbnxititun) Table 26: Mesylate Form Methods of Making the

Mesyl ate Formof Rifaximn Salt Attenpt Method Observation Result
Mesylate filtrate from 3302-37-01 left at ambient for - | hour _
filtrate initially contained small quantity of "fluffy" material in

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
clliptically 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 640c) was analyzed to verify the position of

the silicon 111 peak.

Table 23: XRPD Peak Positions of Rifaximin Form §
Position {239) ¥ie*
4.7 {doublet)
7.4 (doulbiten
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suspensi on after one hour snmall solids adhered to flask sides
crystalline, WO 2009/108730 PCTI U52009/035192 Table 27: Form

Met hods of WBHIPHYSTHe Form tof Rifaxinin Solvent ConditpPENBs2000/035192
bservation XRPD Resultb Methanol CC red orange, blades, single and
in spherulites, birefringent t

Table 24: XRPD Peak Positions of Rifaximin Form

Position {°24) Fle"
Y Eg
6.1 71
7.3 24
‘7.8 2%
e ) 100
8.8 75
327 | 34

a  Bl=velative indsisin

Table 25: XRPD Range of Amorphous halo of Rifaximin Form X-ray Amorphous
Position. (°26)
34 - 1G4 {ahiorphions hald range)
7.3 {approximate Halo maxitmy
113 - 17.8 {ameaphions halo range)

158 {approxiinite ke tiaxingim)

Table 26: Mesylate Form
Methods of Making the Mesylate Form of Rifaximin

A t?(?:l;p ¢ Method Observation Result
filtrate initially
contained small
filtrate from quamntity of "fluffy"
3302-37-01 left at material in .
Mesylate ambient for suspension after crystalline,
~ 1 hour one hour small
solids adhered to
flask sides
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SC red or 89800l 6i dic formations, birefringent | NCORPORATI ON BY
REFERENCE e contents of all references, patents,PGEHERAY035192
patent applications and published patents, cited throughout this
application are hereby expressly incorporated by reference.
EQUI VALENTS Those skilled in the art will recognize, or be able
to ascertain using no nore than routine experinentation, many
equi valents to the specific enbodi nents of the invention described
her ei nTa5140H. ag¢hval ents are intended to be enconpassed by the
fol | ow | : [y AA.rifaximn polynorph Form C, wherein
t he p%ﬂ%’%ﬁf@ﬁ}“ﬁ?{‘@@ﬁ“@%&f%‘@%er diffracti on pattern having
characteristic peaks—expressed-in degrees 20 (+/- 0,20 degree 0) at
4.7, 7.6, and 9.5 ;| oson@nf2, |Soaditiarrd| 9. Bhse@¥atifn 7, |7. SRBA 18. 2; or

h

7.3, 7.6, 82 and 86— 2—fhe—FormCof rifaxinn ResWl’zilm 1,
wherein the pol ynmph contains |ess thdf 5% ?9&%4 ght total
inpurities. 3. The Form C ¢f r¢¢axiln n falm 1, whereijn the form

spherufites,

is at |east 50% puneMe@knodt || east 75% p iindtht at | east 8Q% pure, or
at | east 90% pure, |[or at |efsS cEorafdF, ddniEdst —98%qure. 4. A
phar maceuti cal conposition ¢conpsa sing t henptdnymor ph FQrm  |of
rifaximn of claiml, and ohe or norle phatrmeguti ¢al |y acqept abl e
exci pients. 5. The pharmaceutical conposition of clairmZ4, wherein
the eXtiGORPORATIONIBERBRBRENCEOr e of a diluting agent, binding
agent, lubrj,cating agent, disintegrating agent, coloring agent,
flavoring ﬁpn@ptsﬁgggﬁ;eﬁgesag@mts, peadingpetephappiiaat@wt aadbublished patents,
CoONpPOSikd [ : s _coat.ed or oated tablets,
hard geF%F?%@glgg{sﬁfsregﬁhg%%glg?éc%%ar?g'd&&r?sls ,m?"dﬁ%fﬁéa Y 'HSF8FC sheet s,
pell ets or powders in seal ed packets. 7. A process for producing

Form £kl ipin conprising formng an EtOH slurry of an initial
Form %—@W@ﬁﬁ?gaxi mn at amnbi ent tenperature and crystalli zing
rifaximn g {igedSh4hs ¥rt will oslblon conprising a .
therapeutjcal ly effective g&aﬁ@@%ﬁ?ﬂﬁo@paﬁ%@%eﬁ%vw% OmoFﬁ%aﬁirﬂuune
of cl XPATIMEnAHNA AT s eltite ab | the apedfit adhivdGaémerofahe dhldn®Bh . described

wher ej sition is fqrnulated for treating a subject

suf f e?l.&ﬁébﬁ‘%ﬁn%ﬁr“’é‘.ﬁg@&& injsinged o b Sgampastrd by ther ollgwiag ﬁiﬁ@naged Wi t h
instructions to treat a subject suffering fromor susceptible to a
bowel di sorder.

64




Claims:

L. A rifaximin polymorph Form ¢, wherein the polymorph exhibits ér_l X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree 6) at
4.7,7.6,and 9.5 ; or
8.2, 8.6, and 9.5; or
4.7,7.3 and 8.2; or
7.3, 7.6, 8.2 and 8.6.

2. The Form { of rifaximin of claim I, wherein the polymorph contains less than 5% by

weight total impurities.

3. The Form { 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 98% pure.

4, A pharmaceutical composition comprising the polymorph Form { of rifaximin of claim 1,

and one or more pharmaceutically acceptable excipients.

5. The pharmaceutical composition of claim 4, wherein the excipient comprises one or more
of a diluting agent, binding agent, lubricating agent, disintegrating agent, coloring agent,

flavoring agent or sweetening agent.

6. The pharmaceutical composition of claim 4, formulated as coated or uncoated tablets,
hard gelatin capsules, sugar-coated pills, lozenges, wafer sheets, pellets or powders in sealed

packets.

7. A process 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.
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8. A packaged composition comprising a therapeutically effective amount of the polymorph
Form € of rifaximin of claim 1, 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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