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RELATED APPLI CATI ONS This application clains the benefit of US Provisional
Appl i cat iwo 2bip/108B2/ 031, 329, filed February 25, 2008, trhe/usatvnas19pnt ents
of which are expressly incorporated herein by reference. BACKGROUND
Rifaximn (INN; see The Merck Index, X1l Ed., 8304) is an antibiotic
belonging to the rifanycin class of antibiotics, e.g., a pyrido-imdazo
rifamycin. Rifaximn exerts its broad antibacterial activity, for exanple,
in the gastrointestinal tract against |localized gastrointestinal bacteria
that cause infectious diarrhea, irritable bowel syndrone, small intestinal
bacterial overgrowh, Crohn's disease, and/or pancreatic insufficiency. It
has been reported that rifaximn 1is characterized by a negligible systemc
absorption, due to itBOBMSIOFRIFAX MINANDAUSESAMERE@F| stics (Descomnbe
J.J. et al. Pharmacokinetic study of rifaximn after oral adm nistration

in heqiELhyTEplAp}qg@AsnoNst J din Pharnmacol Res, 14 (2), 51-56, (1994)).
Rifaximn is described in Italian Patent | T 1154655 and EP 0161534, both of
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bacteria that cause infectious diarrhea, irritable bowel syndrome, small intestinal bacterial
overgrowth, Crohn’s disease, and/or pancreatic insufficiency. It 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)).

Rifaximin is described in Italian Patent IT 1154655 and EP 0161534, both of which
are incorporated herein by reference in their entirety for all purposes. EP 0161534 discloses a
process for rifaximin production using rifamycin O as the starting material (The Merck
Index, XIII Ed., 8301). . U.S. Patent No. 7,045,620 B1 and PCT Publication WO 2006/094662
A1 disclose polymorphic forms of rifaximin.

Rifaximin is approved for the treatment of pathologies caused by non —invasive strains of
Escherichia coli, a micro-organism which is not able to penetrate into GI mucosa and therefore

remains in contact with gastrointestinal fluids.

SUMMARY
Described herein are polymorphic and amorphous forms of rifaximin not previously
described. Form {, Form n, Form a-dry, Form 1 and amorphous forms of rifaximin are described

herein.



Descri bed herein is a new unique nesylate salt formof rifaximn. According
to one aspect, the polynorph Formexhibits an X-ray powder diffraction
pattern hwoizoep/oBBoacteri stic peaks expressed in degree®C2Usgonbo30920
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; or 7.6 (doublet), 8.6, and 10.5
degrees 2-0; or 8.2, 8.6, and 9.5 degrees 2-0; or 10.2 (triplet), 12.6
(quintet), and 13.2 (doublet) degrees 2-0; or 7.3, 10.5, and 12.9

(doubl et) degrees 2-0; or 7.3, 7.6 (doublet), 8.2, 8.6 degrees 2-0; or 4.7
(doublet), 7.3, 7.6 (doublet), 9.5 and 10.5 degrees 2-0; or 8.2, 8.6, 9.5,
10.2 (tri piAdso desampdllwr@n@@m@ﬂsomh@ forns of wfaxigis, inglodmg Pt i foP.canyl e-drg. 5,
and 11.2 ( ubIe t). de 6.3, 6.4, 7.3, 7.6
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7.6 (dd L?bﬁ%@fl let) dggrges 2ffor 35/ iig 953@11%?%3%%?% 1 Tohd fg aEkeD. § e
egrees owblet 7 et 1035 de 9.5

pol ymgr pRe oL ”2 §x8 Bt @o@ett M‘y 9 Mtiel )3“9f§ ra%&“ CW é’éstfié ”mh@*ﬂ 84,
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pol ynor ph For m exhi bi ts an X-ray pomder diffraction attern having
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char agt@(doableco), zﬁﬁ@(S dexpELB9e6t 4. %(diﬁbfe@)?SSZ&u{S"Qdeé}e&OZ degree 0) at 7.3,
7.0 (dOUblAectc%rdlng to or?e gsp%gtg rtl?ee Is)olglrn%rphz Form { exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.6 (doublet),
8.6, and 10.5 degrees 2-6.
According to one aspect, the polymorph Form { exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree 0) at 8.2, 8.6, and
9.5 degrees 2-0.
According to one aspect, the polymorph Form { exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 10.2 (triplet),
12.6 (quintet), and 13.2 (doublet) degrees 2-9.
According to one aspect, the polymorph Form { exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 26 (+/- 0.20 degree 0) at 7.3, 10.5, and
12.9 (doublet) degrees 2-9.
According to one aspect, the polymorph Form { exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree ) at 7.3, 7.6

(doublet), 8.2, 8.6 degrees 2-6.



WO 2009/ 108730 PCT/ US2009/ 035192 According to one aspect, the pol ynorph
Form exhibits an X-ray powder diffraction pattern having characteristic
peaks expveoss@diogrsodegrees 20 (+/- 0.20 degree 0) at 4. PCiamsadmbasyle2 7. 3,
7.6 (doublet), 9.5, and 10.5 degrees 2-0. According to one aspect, the
pol ynmor ph Form exhi bits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 8.2,
8.6, 9.5, 10.2 (triplet), and 10.5 degrees 2-0. According to one aspect,
the pol ynorph Form exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 8.6,
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degrees 2-0; . .5 degrees 2-0 and 8
degreégm@ﬁDIOdswﬁill2ﬁﬁ8bki)$%ﬁ%sg(98 8, and 12. 7 degrees 2-0; or 5 3, 6.1,
7.3, 7.5, 7.9, 8.8, 12.7 degrges 2- 1 and 12.7
degr ees 2 gty 5§ {rGPRE BoRmbingFory Fexpintey iy Frraliptin g Hypifop
6.1, baBlern habing/chracribtic MS :bgpl%ssﬁﬂgﬁ Qesreds 00 (AC QQ'OCHe@Q:etB') a@ﬂe7 @psiet),
Form 11 exhibits an X-ra fraction pattern havin characteristic
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Form patt'ern having characteristic
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degrees 2-0..  According to. one aspect, Form 11 gx hibits an X-r
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(+/- Qr %Ol,qeﬂ 5&@7@)(16%}66@2]9, of 6.?1, 7%?%1(%‘@.87(16%?&5 A 0?69, 7.3, and 12.7 degrees 2-

0; 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 2-0; 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,
7.3,7.5,79, 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 2-9.

According to one aspect, Form n exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 7.5 degrees 2-0;
or 6.1, 7.3, and 7.9 degrees 2-0.

According to one aspect, Form n 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 2-6.

According to one aspect, Form n exhibits an X-ray powder diffraction pattern having

characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 12.7 degrees 2-9.



3 WO 2009/ 108730 PCT/ US2009/ 035192 According to one aspect, Form 11
exhibits an X-ray powder diffraction pattern having characteristic peaks
expr essedwpnodeysses 20 (+/- 0.20 degree 0) at 6.1, 7.5pcan$2@9833deyr ees
2-0. According to one aspect, Form 11 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 6.1, 7.5, and 7.9 degrees 2-0. According to one aspect, Form
11 exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, and 7.3
degrees 2-0. According to one aspect, Form 11 exhibits an X—ray powder
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expressed in degrees 20 +/- 0.20 degree 0) at g 3, 7.5, 8.8, and
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degr eehardetdristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, and 8.8 degrees 2-0;
or6.1,73,7.5,7.9, 8.8, and 12.7 degrees 2-0.
According to one aspect, Form n exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3,6.1,7.3,7.5,7.9, 8.8, 12.7
degrees 2-9.
According to one aspect, Form n exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.9, 8.8, and 12.7
degrees 2-9.
According to one aspect, Form n exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.5, 8.8, and 12.7
degrees 2-9.
According to one aspect, Form n exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1,7.3, 7.5, 7.9, 8.8, and
12.7 degrees 2-6.
According to one aspect, the polymorph Form 1 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 +
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According to one aspect, the polynmorph Formti exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20
(+/ - 0.20wv0egoe@sD) at 5.9 0.1; 7.9 4 W 2009/ 108730 PPTI/SkB20885D35192
0. 1; 9.0 0. 1; or 12.70.1;13.90.1;14.90.1; or 5.90.1;7.90.1;12.70.1;
or5.9 0.1;9.00.1; 12.7 0. 1; or 5.9 0. 1; 13.90.1; 14.9 0. 1; or 5.9

0. 1; 7.9 0. 1; 14.90.1; 0r9.00.1; 12.70.1; 14.90.1; or5.90.1; 7.90.1;
9.00.1; 14.90.1; or5.90.1; 7.9 X0.1; 9.00.1; 12.70.1; or 5.90.1; 7.90.1;
9.00.1; 12.70.1; 13.90.1; 14.90.1. According to one aspect, the polynorph
Formti exhibits an X-ray gomder diffraction pattern haV|ng characteristic

peaks Oelé @z deld qrd2d7e§9e1e§ 2ot P44 149 20 ldey? é?et o) 4P 46509; 1371 0.3; ar 5.9¢: 1:

c n 0 th I r jbits
oo Db Y5t OSER SR 01 00% GRORES « RO BRLYIRL PO LRI QKT 0L
in deg)liré(;‘é)slL 8Q; (12rf7-i @1204. @&gTEQ)rG)9 ﬂ'() 1774) i 0. 1;1.9 0290 (1) 14’@:&3() P,Cbrg()) 40.1;7.9
Accord|n? t o one aspect,

di f f r &c¥-:oh0 Ffab:tler it HslvPhé; 9éh%ﬂaE9 érq bt% ‘&i@elaléé 7é&9r1e§%8éq b He‘bﬂggés 20
(+/- 0.20 degree rﬁg ﬁ'ﬁei:g rp%ct e gﬂljygl} ?%h Rrrg o SindR- V\%'e A%?(H N3P df Braliftsh

aspect, the po an X-ray po fraction pattern
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20.0 Eg ;23.40.1. According to one aspect, the polynorph Form
ti exﬁ)b H'% pomder diffraction pattern having characteristic
peaks expr eggedid td:i @ﬁg @éep%ctz Qhd $bIynRrAD FERE rte&hﬁ)ltsaén L&) ﬂ;‘rw;der Y¥rdctioP- 1,
14. 90. 1, 20. 00. 1; . ‘According to one aspect, F ynmor ph Form ti
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expre rees 20 (+/- 0.20 degree 0) at 7.4 0.1; 12.7 X0.1
13. goaffgéﬁﬁ%giplAccording to one aspect, the polynorph Formti exhibits an

X-ray powdeyccllididg &Cbh®Bspepatthe hblyRdyph Foh ar@@ﬁtﬁtrsl il KCrapgﬁmieﬁmlasmﬂ in
degrees 20 (+/- 0.20 degree 0) at 5.9 0.1; 7.4 12.70
13. 90 patternhagmgrhaacgostic paksexpresed zmdqgrees 20 (+/- 0. 20 degree 0) at 5.9 + 0.1; 13.9

+0.1; 14.9+0.1.

According to one aspect, the polymorph Form 1 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.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 6) at 5.9 +£0.1; 13.9
+0.1; 14.9+0.1; 20.0 £ 0.1; 20.9 £ 0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.4 +£0.1; 12.7
+0.1; 13.9+0.1; 23.4 £ 0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9+ 0.1; 7.4 +
0.1;79+0.1;12.7+0.1; 13.9+0.1; 149+ 0.1; 20.0 £0.1; 209+ 0.1; 23.4 £ 0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9+ 0.1; 7.4 +
0.1;79+0.1;9.0+£0.1;94+0.1; 12.7+0.1; 139+ 0.1; 149+ 0.1; 20.0 £ 0.1; 20.9+ 0.1; 23.4
+0.1



According to one aspect, the polynmorph Formti exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20
(+/ - 0.20wv0ego@sD) at 5.9 0.1; 7.4 0.1;7.90.1;9.00. PCo/Us002/03970. 1;
13.90.1;14.90.1;20.00.1;20.90.1;23.4 0.1 5 WO 2009/108730

PCT/ US2009/ 035192 According to one aspect, the polynorph Formti exhibits
an X-ray powder diffraction pattern having characteristic peaks expressed
in degrees 20 (+/- 0.20 degree 0) at 5.9 0.1; 13.9 0.1; 14.9 0. 1; 20.0
0. 1; 20.9 0. 1; or 5.9 0. 1; 13.90.1; 14.9 0. 1; or 7.4 0. 1; 12.7 O.
1; 13.9 0. 1; 23.4 0. 1; or 20.0 0. 1; 20.9 0. 1; 23.4 0. 1; or 5.9
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14.90.1. According to one aspec the polynorph Formti exhibits an X-ray
powdematiémfhasingicharactssisticepaakhexiresyed hadcgrtcs 2P H- ©. WeddgsceeNpt 695 1 .9 +

degr ees / e 0). gt 0.1; 7.9 0.1, 12.7 0.1. According
to on@ ?pecplﬂgg %?yﬁ%ﬁiﬁ)i&% ZEO%exhibits an X-ray powder diffraction
pattern hawdgrdaafache as@u Gh %a fF@ﬁﬁ adexhibidegl Resy Jdwdtt diffradibn
degree 0) at 5.9 0.1; 9 1. According to one aspect, the

pol y mpepernfermetcharagierisia EeahﬁeW%i?d pbﬁmé@e @D+ AcA0 dogree 0) at 5.9+ 0.1, 7.9 +
0.1;9.0+0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 12.7+0.1; 13.9
+0.1; 14.9+0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 6) at 5.9+ 0.1; 7.9 +
0.1; 12.7+0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9 +£0.1; 9.0 +
0.1; 12.7+0.1.

According to one aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 6) at 5.9 +£0.1; 13.9
+0.1; 14.9+0.1.

According to one aspect, the polymorph Form 1 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; 149+ 0.1.



pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.9 0.1; 13.9 X0.1; 14.90.1. According to one aspect, the
pol ynor ptwbanewtog73exhi bits an X-ray powder diffraction Pppatusesm/obav: ng
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9
0.1; 7.9 0.1, 14.9 0.1. 6 WD 2009/108730 PCT/ US2009/ 035192 According to
one aspect, the polynorph Formti exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 9.0 0.1; 12.7 X0.1; 14.90.1. According to one aspect, the

pol ynorph Formti exhibits an X-ray powder diffraction pattern having
char act er i g¥ccerdpeatos ok psnsss dbe palydwgpledormo qxhibitspam & -1ge grosalep Yliffrctim

0% Fafterp e RulohioidfB0cdec ASE AT SLOCL O, 35RERL of 19 OO0

For m 7 XA DI BS A ern %I aractéristic
peaks texpy Bs$e@.1.n degrees 20 (+/- 0.20 degree 0) at 5.9 0.1; 7.9 0.1,
9.00.1; 12.70.1. According to one aspect, the nesylate Forn1of rifaximn
exhi bi ts xAcagrdingniepne asicet 483 PelMeaRl EPFM HaRRIHES cHiaXa@Y dromater diffiaglian

SX?B%%?&%"‘%4§‘%%E%§‘36§%I s o I8 §R a6 28 e AR 0 1o
17.70 0.0 0kt 1941010, 10; 8. 46 0.10; 10.62 0.10; 10.95 0.10; or

16. 230. 10; ,17.700. 10; 17. 940. 10; 290.10; 22, 77..0. 10, or 30..10; .17. 70
0. 10; 19. 208'CHprdsg 70p¢ iﬁ’ecbrtﬁ%pglzll’ﬁmiﬁl f@“@:%oex%ﬁ’“ffn??f r@le9W F dftigiepn o

6. 93 0k ; YA 1 94
S 33 I AORAOL Mttt AR 10110 G 1100 100

rlfaxﬂhiﬁ(ékﬁﬂbﬂ2§ixlﬂay powder diffraction pattern having characterlstlc
IR IR R L R
S0l ke e A I, A 5
0. 10; +0.10; §.46 + 0.10; 10.95 £ 0.10; or 5.34 £ 0.10; 6.93 + 0.10; 8.46 + 0.10; or 5.34 + 0.10; 10.95
+0.10; 16.23 £0.10; 17.70 £ 0.10; or 7.41 £ 0.10; 8.46 + 0.10; 10.62 £ 0.10; 10.95 £ 0.10; or
16.23 £0.10; 17.70 £ 0.10; 17.94 £ 0.10; 19.29 + 0.10; 22.77 + 0.10; or 16.23 + 0.10; 17.70 +
0.10; 19.29 £0.10; 22.77 £ 0.10; or 5.34 £ 0.10; 16.23 £ 0.10; 17.70 £ 0.10; or 5.34+ 0.10; 6.93
+0.10; 7.41 £0.10; 8.46 = 0.10; 10.62 + 0.10; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 + 0.10; 17.94 £
0.10; 19.29 £0.10; 22.77 £ 0.10.
According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
+0.10;6.93+£0.10; 741 £0.10; or 5.34 £ 0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; or 5.34 £
0.10; 8.46 £ 0.10; 10.62 £0.10; 10.95 £ 0.10; 16.23 £ 0.10; or 6.93 +0.10; 8.46 £0.10; 10.62 +
0.10; 10.95 = 0.10; or 10.62 £ 0.10; 10.95 £ 0.10; 16.23 + 0.10; 17.70 £ 0.10; 17.94 = 0.10; or
6.93 £0.10; 7.41 £0.10; 8.46 = 0.10; or 5.34 £ 0.10; 6.93 £ 0.10; 7.41 £ 0.10; 17.94 + 0.10; or
5.34+0.10; 6.93 £0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; or 5.34 £ 0.10; 6.93 + 0.10; 7.41
+0.10; 8.46 £0.10; 10.62 £ 0.10; 10.95 £ 0.10; 16.23 £ 0.10; or 5.34 £ 0.10; 6.93 £ 0.10; 7.41 =
0.10; 8.46 +0.10; 10.62 £ 0.10; 10.95 £ 0.10; 16.23 £0.10; 17.70 £ 0.10; 17.94 £ 0.10; 22.77 +
0.10; 24.81 £0.10; 27.81 £ 0.10.



6. 930. 10; 7. 410. 10; 8. 46 0.10; or 5.340.10;6.930.10; 7.410.10;17.94 0.10; or
5. 340. 10; 6. 930. 10; 7. 410. 10; 8. 460. 10; 10. 62 0. 10; or 5.340.10;6.930.10;7.41
0. 10; 8. 480.20@/108130620. 10; 10. 950. 10; 16.230.10; or 5. 320TAB2008/09302 10;
7.41 0.10; 8.46 0.10; 10.62 0.10; 10.95 0.10; 16.23 0.10; 17.70
0.10; 17.94 0.10; 22.77 0.10; 24.810.10;27.810.10. 7 WD 2009/ 108730
PCT/ US2009/ 035192 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 5.34 X0.10;6.930.10;
7.410.10. According to one aspect, the nesylate Formof rifaximn exhibits
X-ray powdéyccordig fecaricoasnsat t e nmesata gF e odcrifaxingini exhibisk S<-eapmesvded in

degr egﬁ fl%gttlcgn éattegn gegmg%e cg[{a?ahcteqr stlé‘%F%s eék e>%oed118 dlg%r?g‘soml -80.5(2 ggé'rg & éfétr%?;‘t 10.

Accor Borm o axi mn exhi

powder: (. dﬂ) fe‘%aﬁt)ll@mpa&malm havi ng characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.34 XO0.10; 8,460.10; 10.620.10;

10. 950. 10; Arsomift 1@ ongc ayical nfct Bephwc Agrarof fisings gxhibiés Poray epwder

rifaxi f Y/ tic
L e e T e S Rl Rl T A AR TS
10. 62G: A00;141950.1008.48ccbi @i 10H2t00.d0e aspect, the nesyl ate Form of

rifaximn exhibits X-ray powde di ffracti on pattern havi aracteristic
oarea oy Buming, ity aBR80 the, Moy 58 Fal A b hfin SHhiBSy S8 FoReEE. 10,

16. 23Q11f%gct1c;ﬂ7paﬁ%9n ﬂegﬁlng]-ghagé’c@ergsgc péAQ- e%@res&ﬁq{i’ bR JPoNe 26886t 0) 34

nesyl at e For m of faximn exhibits X-ray powder diffraction pattern
havi ng Q;h&rga‘tﬁ%ﬂd@til@@édk@ dRPHesG e 1|6n23d%gr1@es 20 (+/- 0.20 degree 0) at

6. 93 XO.l ;0 7.410.10; 8. 460. 10. , A t t t.. | ate F
o ri 1 axi mECRSHTED SO0 Pyt pohae et rd R RRRFE: Rl T BoSiabe” ™

char aclifhisdd patRedksyi afaem@@tlb caledk seaQnQié‘ reed2620-/ 0800 66xrfd 0pdt 60334
X0. 10; 6. 930. i%i 410. ﬁ§ 940. 13 Accgfﬁlng toéone(ﬁgbect %%e ngiylate

For m & 0.1 §:%dd ﬁ{)rioek@}ﬁ%ﬁt()sl()(lp% e

According to one aspect, the rnesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
10.62 +0.10; 10.95 £ 0.10; 16.23 £ 0.10; 17.70 = 0.10; 17.94 + 0.10; .29 £+ 0.10.

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

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
+0.10;6.93 £0.10; 7.41 £ 0.10; 17.94 £ 0.10.

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

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

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

diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
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diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 5.34 X0.10;6.930.10;7.410.10; 8.460.10; 10. 620. 10.
Accor di ngwvocoonesasspect, the nmesyl ate Form of rifaxi m npPexhisboows39z ay
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.34 X0.10;6.930.10;7.410.10; 8. 460. 10;
10. 620. 10; 10. 950. 10; 16. 230. 10. According to one aspect, the nesylate Form
of rifaximn exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34 8
WD 2009/ 108730 PCT/ US2009/ 035192 X0. 10; 6. 930. 10; 7. 410. 10; 8. 460. 10;

10. 626 4.09:109950. 11(19 71148, 280018:407 ¢.40; 1.0+ 0110; 9295 1091091029+ 107 16.790:

24. 810, 10351014020 MGERE 44109 12)609 ASPRGY: 1 e, oy at e Form o

rifaximn exh action’ ‘pattern having characteristic

peaks expr @%&dhngn t@&gfeeeﬁ)eaﬂ the/ meS/1a0 Bagr ef ﬁfaxﬁhm5eﬁﬁbltsx0( 143 §odaer 10;
10. 950. 10. _According.to one aspect, the nesylate Form of faximn exhibits

X- r ay difiRad@dn paticr haydng ehergsaqrs Pﬂ?eﬁﬁ\ﬁxﬁﬁsﬁdp degrees 2 (¢ %%%ﬂ%gréaa}@és%‘d in
degreesy 1261 8(4*({£OQ()290§§@()9F{) 0) at 5.34 XO0.10;6.930.10; 8.460.10. According
to one aspect the’mesylate Formof rifaximn exhibits X-ray powder
diffracti omopattdnrg o hanei agpect)athactmesyilst | Borpe al srifaxpnias sedbitn Xtegr pes d20

(+/ - 0.20 degree 34 X0.10;, 10.950.,10;, 16. 7. 700, 10.

Accor dialfﬁr@ﬁe%l %@%ﬁ%&% 31Wéerwggyr~‘%lise¢xpmﬁddfl deppic b LA e Dbt
powderio@I@f@‘ggagt)ll@ngg@g@[@ havi ng characteristic peaks expressed in
degrees 20 ( 0.20 degree 0) at 7.41 X0.10;8.460.10; 10.620.10:;

10. 950. 10. A&c@@n@ g ans emcasqhecmeS}thtte lﬁcm;yIOét lefaﬁumm ofhibits aSras mowxdbi bi t s

X-ray vvder act i avin ct er i S ex in
cegr weBT eyt b5 BB Bl Do D RUGh AELELH 45, RIS GBS
19. 29Q. 0.09;22. 9757390110 1$,g3ter()d1lmgj7t70 QN €. aspect t he mesyl ate Form of
rifaximn exhibits X—ray povvder diffraction pattern having characteristic

peaks expr ésseding teleqjiceaweg the) megylsto gy e 0Ofaxppin ¢ehibign X-0ay PPWHEO. 10;
19. 29911&1%Ct%@n ge%%nil‘ﬁ)avmg characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.41
+0.10; 8.46 +£ 0.10; 10.62 + 0.10; 10.95 + 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
16.23 £0.10; 17.70 £ 0.10; 17.94 £ 0.10; 19.29 £ 0.10; 22.77 £ 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
16.23+0.10; 17.70 £ 0.10; 19.29 £ 0.10; 22.77 £ 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
+0.10; 16.23 £0.10; 17.70 + 0.10.

According to one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.34
+0.10; 6.93 £ 0.10; 7.41 = 0.10; 8.46 £ 0.10; 10.62 £ 0.10; 10.95 = 0.10; 16.23 = 0.10; 17.70 +
0.10; 17.94 £0.10; 19.29 £ 0.10; 22.77 + 0.10.

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

diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.3
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According to one aspect, the nesylate Formof rifaximn exhibits X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 280(2049/1087380 degree 0) at 5.34 X0.10; 16.230. 10CTAR2000033102
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 5.34 0.10;6.930.10;7.410.10; 8.460. 10;
10. 620. 10; 10. 950. 10; 16. 230. 10; 17. 70 0.10; 17.940.10; 19.290.10;22.770.10.
According to one aspect, a polynorph anorphous forms exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in

degr edapppeximafe hgo 2oaxdagmeel BY-141%8 nrplwupdalrosoLdd 878 d SEORPDSXODYL (881 92
(apbr SETRbE A8k 3EH, S 0L i ARGRRAS, T1 537 % (s 390 e

r ange)and 15. ﬁ(dpﬁrﬁlmaﬂ&mmgwlrhﬁthp de@oge)+0; oarkdl-18. lS(aﬁ@p;ﬂfoQX ihma)t ﬁn@@) | .3
maxi mun) degrees 2-0; .or 1-10. %am)rphous hal o range), gprom mat e

hal o feBarorimpte hale rwu@l@ gd( Bhdnl pioasasphays rllawg@}lg@e@g&% 229900r

5.1-1 0 | g or 3 I 5.8
Cappr oo BRIRLS ¥t 5.3 ¥imbie) hfR RS ol 13 LR Bhyet Mol

r ange)maxim8m( dpgreox2-fades ha] (ol freeoxorphogs, haldl fange)1 7.38(approsimdto hslohabomuange) ,

15.8 ( by nate hal o nmaxi rees 2-0. According to e aspect, a
oy BB LGB i b L P Ry BB MR R T on et ¢ er 1
havi ng Charp@b‘éé&l‘iﬂgﬂtd %n@%b@ct%%&?&@%h‘ ﬁn%%@se?or%ﬁ éﬂ{lbltsoalg@(g%)g p%%‘zd@]) at
7.3 (approximate hal o maxi num (anmor phous hal o range€ .

(appr oixﬁfmtn@ Mtem hamexg crlw;ct@reﬂguc@@@ksze@res,@@tmerﬂys 20 (bhd.20s¢asrte, O)aat 7 3

I f wd di, f.f.
bov? ng ERarERIERAL it e Ll S eBfrslo ﬁ*gfoaaﬁéb o 5Bl o
5. 1- Hadm(ahesgbausohal o range), 11.3-17.8 (anorphous halo range), and

15.8 (apprOX| mat e hal o maxi munm) degrees 2-0. According to one aspect, a
pol ynor ph dvesersisuo 08e naspesth i bialgmephyamesphpederms e bitsaen i bmayp Rovden

ha‘“ ”%‘ﬁ%@tﬁ& n%a‘?{ehf)flé&?éﬁgh@céeﬁﬁe ‘f)%@%% %&sge%g)%?i% rtegé)%é {l/- 090 %%%%?% ) s, f) at
11 3 10. 18(e(rlaﬂ‘plliq3hdw$o lRalge), 11.3-17.8 (amorphous halo range), and 15.8 (approximate halo
maximum) degrees 2-9.
According to one aspect, a polymorph amorphous forms exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.1-
10.1 (amorphous halo range), 7.3 (approximate halo maximum), and 11.3-17.8 (amorphous halo
range) degrees 2-9.
According to one aspect, a polymorph amorphous forms exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.1-
10.1 (amorphous halo range), 7.3 (approximate halo maximum), and 15.8 (approximate halo
maximum) degrees 2-9.
According to one aspect, a polymorph amorphous forms exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 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 2-6.
In one embodiment, the amorphous forms exhibits thermogravimetric analyses (TGA) of

a 1.5% weight loss at 100 °C.
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range) degrees 2-0. According to one aspect, a pol ynorph anorphous forns
exhibits an X-ray powder diffraction pattern having characteristic peaks
expr essedwonodegsmses 20 (+/- 0.20 degree 0) at 5.1- 10. Pciarseooplsis2 hal o
range), 7.3 (approximate hal o maxi nun), and 15.8 (approxi mate hal o

maxi mum) degrees 2-0. According to one aspect, a pol ynorph anorphous forns
exhibits an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.1- 10.1 (anorphous halo
range), 7.3 (approximate hal o maxi mum), 11.3-17.8 (anorphous hal o range),
15.8 (approxi mate hal o maxi mun) degrees 2-0. In one enbodi nent, the

anor phous ﬂ@pﬁ%e@&ﬁdﬁmi%th%E@Wﬁ@ﬂéyﬁﬁ@mﬁﬂ@ﬂ@ﬁém@h8ﬁﬂmﬂwy§abmﬂwﬁwﬂD@@%Qélght
I t, .10 I mbodi t, th
0SS %b%(pe |g]ijeﬁg\€g@ereﬁ€%$9§? e&!ﬁg%%g@% n one enbodi men e

polynnrp ial “Scanni ng ortnetry (DSC) of a broad
endot herm dah @R0MbEBinEendNPoBNBIrPIO rangpladul e format ¢x20BitsCMbdulaoe Elmmimaem
polynnrph anor phous forns exhi bits Mddulated Differential Scanni

Cal or i8R £ @A%ge)et SQ) ghoyesst glasmigaisitin ((T“g@,}er{l@ﬁﬁé?ea&wtewdws@@put Y%e
about o¢99 C. In one enbodi nent, the Form~, FormTl, Forma-dry, Formt,
Form 0-1, Form0-2, Form r,-dry, nmesyl at e Form or anorphous forns of

ri faxi m n doohacmbbdisgent, hlmﬁﬁ% BH\F ommi g o rh ot ddy, Fompy hotids 1, Hommd#i@, Form
enbodi e Form ~, T1,. Form a:dr Formt, 0-1, Form O-

For m gy G @ EBOTIBHS TR oL R AoTin % Aoty 7% varenl el 5o
pure,]ﬁguﬁﬁmieast 75% pure, or at |east 80% pure, or at |east 90% pure, or
at least 95% pure, or at |east 98% pure. According to one enbodi nent, the
phar maceut ile ahe cohpdigient, tre Campé.ifsem m Ferm o-dnyy Eomwi 1, FarRdk hn FEormAb 2 nffofn
Forma-dry, Formt, FormO;1, Form@-2 .Formryr. -dry, hesyla E or

mor pate mebAC b bF b i T b RR S o i YRt 2 eSOk P, 1
one eppadicARBHY: filte, ot ARAKIFOPDPurt Usiah RastOIHIP pinBesr AMsOISAPUL.
pharnaceutlcallé accept abl e exci pients. The excipients nmay be one or nore

of a dil utiAfgo o, ongjcodgnengeh¢ pharmaceutical composition comprises one or more of

a Form {, Form n, Form a-dry, Form 1, Form B-1, Form -2, Form e-dry, mesylate Form or
amorphous forms of rifaximin and a pharmaceutically acceptable carrier.

In one embodiment, the composition further comprises one or more pharmaceutically
acceptable excipients. The excipients may be one or more of a diluting agent, binding agent,
lubricating agent, disintegrating agent, coloring agent, flavoring agent or sweetening agent.

According to one embodiment, 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 1, Form a-dry, Form 1, Form -1, Form -2,
Form ¢-dry, mesylate Form or amorphous forms of rifaximin.

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

enteritis and colitis.
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| ubricating agent, disintegrating agent, coloring agent, flavoring agent or
sweet eni ng agent. According to one enbodi nent, the pharnmaceutica

conposi t iwo 20@y108B0f or mul ated as coated or uncoat ed t albCettso0asxiopr soft
gelatin capsul es, sugar-coated pills, |ozenges, wafer sheets, pellets or
powders in a seal ed packet. In a rel ated enbodi nent, the pharmaceutica
conposition may al so be fornul ated for topical use. According to another
aspect, provided herein are nethods of treating, preventing or alleviating
a bowel related disorder conprising adm nistering to a subject in need

t hereof an effective anmount of one or nore of Form~, Formrl, Form a-dry,
For m ti amgraspert prowisieeh lergin arggyegopses dey progsingat @nEgroh Gfaxanidr gHoRIsHHr s
of rifaxi.mn. n ' At ubj ect .ks.sufferi e one
ovel b it RGO TR oHy Bt SRt ARyt R CRRE
bowel csyseudli g rifixiainefr@nshe dingy.r hea,In smeldmbodithe@s] thaamethad tfettherl comprises
overgrowt h, Crohn's disease, chronic pancreatitis, pancreatic

i nsuf fFrashéepelng the sugyinrios toygrystelbizptians. 11 W0 2009/ 108730 PCT/ US2009/ 035192
In one asp ' j i P~

(i ai m o BEPUbBRHIRE PANERSE RRLRTR L AR ROPEHED TriOihe rifio of

ri f axifrinmbettveambite002t0edtper at ure and crystallizing rifaximn fromthe

slurry. In _one epbodiment, the nmethod further conprises  crash cooling.the
Sl urry pri GPOTHSE POBI, 4FOHTECHR. O AaPRSE-nEF RBOM bt DY EA T Pa sy P

conpr ggg@mﬁﬁh@ S HE S St MurhiQifl g Hodhico of  from between 1 to 0.02-0.45.
ed her

Provi ein, according to one aspect, are processes for producing a

m xt ure of Prpoflgdnbersis accarding te omer kspicply dnemirdédsydsnfpr Fptoduang Hraswi tedl
herein,. accordin .todoneiﬁs t, are processes for producing Form 11 of

ri faxir%’ﬂmélbﬁ%w'gsil% (' Od'g%r mc. Provided herein, according to one
aspect, ar erpvi@sEIeRsn,f coRfifdusi o ABPUCHhAYSprotéskaxiftd ProdbRk| %ﬂ%hous
grinding Formy or a mxture of Formy and Form 11 of rifaximn. ccordi ng

to ongifgypéreomprivng géeringFeinhy aF @ npxBreidesmhomddiosauceiigasiminphous
rifaximn comBidiv) N9 GAatheRl eboPiabRtdn {2 MBELNLs RGCHRAIE ML InbPRbANS:

rifaximin comprising crash precipitation from cthyl acetate with heptane.

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

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

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

and y by precipitating the initial rifaximin forms in the manner set forth in Table 15.
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I n one enbodi nent, the process further conprises mlling the produced
anor phous rifaximn. According to one aspect, provided herein are

pr ocesseswbanogpmsmsaci ng anor phous rifaxi mi n conpri si ngPCyapskemiozadz on in
p- di oxane: water 1:1, and fast evaporation from acetone. In one

enbodi ment, the process further conprises mlling the produced anorphous
rifaximn. According to one aspect, provided herein are processes for
produci ng anorphous rifaximn conprising precipitation fromacetone. In
one enbodi nent, the process further conprises mlling the produced

anor phous rlfaX|n1n According to one aspect, provided herein are
processes dfccpicieiiolang aopet.auapdedhergin ane emcgisesa@ﬁ mgdecieg PixtAreE0OFPFR O,

(17°1) 4, ndidif ghﬂﬂ}tﬁ&l%ﬁ% %8xqﬁ$tand %ro%}{' %H@i ﬁd‘Fc%le Eﬁfﬁ@#rféﬁnﬁﬁre@ LAdHCT ng

¢ and M reC|p| |ng e qnit Ximnoforms in

t he W&M@bc@@hoﬁ@ﬁﬁd@ prasmﬁiaablhg tHebinitibP fod@s 260 0/ MahB €36t RETH WI2BAO1035192
According to one aspect, provided herein are processes of produci ng
m xt ures ofAqEgiding to qng SRSt ijY}é@d hraein|argprogepseO frspduanamertisp af fferm v-

m xt urlle(?,) AR e Yoot (? or ms H%a@ﬁ%@!ﬁﬁé%g%@%? i ?ﬁ) g??%@%{a%ﬁﬁ the

precipitating the initia
AccordmnglmnnmmahaspﬁnmwwmeMMmédbhdﬁe|n are processes of producing

m xt ures of, For |nclud1n but not limt d to,Form and Form
Ot o oo Adeaie o ottt DT IET RErein S ProHRIeh ot AT il ryin s s of
forth g mdliallged of rif&RrRindh Bed B%&Bﬁmﬁg lf)?é‘cﬁpltaﬂhg‘{ﬁedﬁﬁlam %ﬂsﬂn%@nﬁﬁ&é}%@ﬁ €s
for producing rifaximn fornms (3, m xtures of rifaximn a and

conprd@mmglﬁMQﬂﬂkﬂammmlng t he |n|t|al forns in the manner set forth |n

Tabl es 10 an ccordl on rov n are cessges
for. produc i HoRH e GR Spghv Sy AT nERrFe Bt 16! mahrbe it abf RETTRE
initi aifailmﬁ@mIﬁpﬂmﬁgnpmlpitmﬁMe e tfasiatin fetfishn tHe Matleesct @orth ACCHIging to
one aspect, provided herein arecﬁrocesses for producing rifaximn form 11

and i xt ur ékccerding foasnarispesto prayided herin yire piegesses g nrpdising HEximig oA 1
initi %hd 'hlllgiﬁl?fésnaﬂlifaglrrﬂﬁ fbtrllns n 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 p-1,
Form (-2, mixtures of Form o and Form B, and Form {-1 of rifaximin comprising precipitating
the initial forms in the manner set forth in Table 19.

According to one aspect, provided herein are processes for producing Form o-dry, Form
o, Form ¢-dry, Form n, Form ¢-dry, Form {, Form vy, amorphous Form, From y-1 ({) and From 3
mixtures, Form ¢ and Form y mixtures and Form y and From n mixtures of rifaximin comprising
precipitating the initial forms in the manner set forth in Tables 20 — 22.

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

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

the conditions set forth in Table 27.
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the manner set forth in Table 17. According to one aspect, provided herein
are processes for produci ng anorphous rifaximn conprising precipitating
the initiwb2wed@sgiz3min forns in the manner set forth in Pablus208/03519zcor di ng
to one aspect, provided herein are processes for producing Form~, Form
0-1, Form0-2, mxtures of Forma and Form 0, and Formc-1 of rifaximn
conprising precipitating the initial forns in the manner set forth in
Tabl e 19. According to one aspect, provided herein are processes for
produci ng Form a-dry, Form a, Formr,-dry, Formrl, Formr,-dry, Form ~,
Formy, anorphous Form Fromy-1 (~) and FromQO mxtures, Form ~ and Form
y m xt ur es Paerddeth hasein, ssepringniol anahspeat éise dits Mo gratifiena domst idisordgr in a
preci t 0 et f i 22.
br ovi L bl 810 bnal i TErddh & MRS 0 BT rOph IR o 2

mesyl EHoemEOdrm @ésyldte Farth ot amehpiid Himgof haxtwindint insicsals fooideh 1 n Tabl e
26. Provided herein, according to one aspect are processes for producing
Form ti cor?ﬂ?\il@qdnaeretqaea%rﬁmgt [ REE SBPCH.0piChPICKAgHl FRMPIBItionNs ST 108730

PCT/ U?@&Q@Juﬂ@aa%?@fgecf’%’ &g JFehelo Emo?&SPé #oRE (L Fo faoiﬂle&H ng‘% Fcﬁrrﬁr

treating a bo sor in a subject conpr|5|n 'ne or
For m ‘|3|-1 Forom [a-zdr}i,qrcha!cdry; _,me_ﬁmatn (Fotm Boramd@pRqus Ecomm cocﬂrlyfaxmmsryhm a For m

hous fo ns OfE@ faXLnln nd in trucélons for ? O%ig)d her ei n,
accor egutily gsqsptable cardcrord Hﬁédw IRpd ?f‘?%ﬁ’%“%%’ﬂﬁ ‘?ré‘}“ﬁﬁé r treating
t her apegiieakiffertis fﬁ&rh' dfesué‘éEBHBlfe t8fa %Vé‘el%sdm&e afd p@ck':gédf\mh QkUBidhs td-or m
a-dry, Formi, Forn1 -1, FormO0-2, Formc-dry, nesylate Form or anorphous

for s tewht & fifbgoct Bmffﬁrallgcfrcan OpmpMﬁJéﬂﬁlOladmweﬂ!daord@pt abl e car rier or dil uent,
wherein th 05| or.treati ect sufferi

fromor sudeaht Pars: pgmabhasifichcBbphulior idtSalRluli b e St o « o

treat of Foulk] & Hor@u, fofrinn@-df'y‘ arorer 1, TSP Bben BQ, Fob@veliryd nkeylder Forhhoone
aspect, a pharmaceutical co osition is presented, whi ch conpri ses one or

mor e AgTOTSNumformsad FifyxINin Fsk aphareageuticghnaceeptElle gRmen,  Form 0- 2, Form

c-dry, mas)ﬂl {1?6 erﬁ%dﬂn% Hﬁ%aﬂﬂ&%ﬁtléﬁ gggltlofrlrﬁlﬂ)ct;ﬂemcg %ﬂ??.lsaexcwlents

phar maceuti cally acc carrier ar maceut i cal

conposi ti odeuirditgeto En'lmm‘rl atisodexentptlendxkipients 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 -2, Form ¢-dry, mesylate Form or amorphous forms of rifaximin.

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

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

bowel related disorder treatment in a subject, monitoring the progress of a subject being treated
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Accordi ng to another enbodi nent, the excipients are one or nore of a
diluting agent, binding agent, l|ubricating agent, disintegrating agent,
col ori ng wgQenty/10813avori ng agent or sweetening agent. | RCRNSLIVL035192

enbodi ment, the conposition is fornulated for selected coated and uncoated
tablets, hard and soft gel ati ne capsul es, sugar-coated pills, |ozenges,

waf er sheets, pellets and powders in seal ed packets. In one enbodi nent,
the conposition is forrmulated for topical use. Presented herein, according
to one aspect, are nethods of treating, preventing, or alleviating a bowel
rel ated disorder conprising admnistering to a subject in need thereof a
cel | forg bevddehiodidisordary e wiethd gh seledtiogta subjcahion tieatafenbaka bewelshwrddr, a
Form - mgggi T, Forma- dry, Formi, Form(3-1, FormO0-2, Formc-dry,

mesyl aPe orm or anorphous fornms of rifaximn. According to another

enbodi ment dewsheingiga pleerdaonglt ¢l of Rdtcdiabovedgiowitls one or nore of irritable
bowel syndrone, travelers' diarrhea,. small intestinal bacterial overgrow h,
Crohn's  dird@yugeringg p dherapsyiise bealfeative ameant pEARS O image of jAckF Rt &, Feyp n,

coliti Pr. i A, redi 0,._ t

assessﬁa F\ra ({ﬁéﬁﬁ)ﬁ?égﬁ}% lé%ﬁg\gg%’q?oe at eﬁgﬁg@%eﬁoﬁ g%f%;ré%? g;&snﬁ)fgn gu%jf ect,
noni t effaxigud teethprsobjeets andflctarmsinbyjgec podpdicatent Eatleol batterMiDo ARG 87S0an

PCT/ US2009/ 035192 for a b | related disorder, or nmet hod of selectjng a
cub] GRRGrerPR g Cieier B (o0t oSG P S GRSk Mok Sl d o H T
pre-trneabaRph, FeMRL-9Y, RAGL&! Féim QVaRahRMsTorfdBF AEtRH Ng a

therapeutically effective anmount of one or nore of a Form~, Formrl, Form
a-dry, Forimpne gobedigent, tHeoneddatpn FHdohader¢l-afbpcteridoykrgrewtiondicates effisaghous
forns ?f triftaxi mn to the subject; and determ ning a post-treatnent |evel
of ba® GBI Lr growt h after an initial period of treatment with the one

or nore of Hirefidther enfditént; a dedrasd-ifl b¥ster® oWedorowi@riftiitdes that fertfalineht if-or m
r,-dry, mesylate Form or anorphous fornms of rifaximn. In one enbodi nent,

t he nmséfidagiouen of the | evel of bacterial overgrowth indicates efficacy of
it Egi f:;tegts n?lgg{lotbﬂ‘e&ﬁ?&e(g@%%tﬁ iorg&ﬁf{ﬁ&lidn & HETRERTR VA RBGHELT A in@UETSH Ut h
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 n, Form a-dry, Form 1, Form
B-1, Form -2, Form e-dry, mesylate Form or amorphous forms of rifaximin and a
pharmaceutically acceptable carrier or diluents, wherein the composition is formulated for
treating a subject suffering from or susceptible to a bowel disorder, and packaged with
instructions to treat a subject suffering from or susceptible to a bowel disorder.
Presented herein, is use of Form ( of rifaximin as a medicament.
Also presented herein is the use of Form 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 p-1 of rifaximin as a medicament.
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efficacious. In another enbodi ment, the nodul ati on of the bacteri al
overgrowh is an indication that the subject is |ikely to have a favorable
clinical wozponwgrsno the treatnent. Presented herein, aecons$2eny/osz9one
aspect, are kits for treating a bowel disorder in a subject, conprising
one or nore actions for use. Al so presented herein, according to one aspect
are packaged conpositions conprising a therapeutically effective anount of
one or nore of a Form~, Formr), Forma-dry, Formt, Form O0-1, Form O-2,
Formr,-dry, nesylate Formor anorphous fornms of rifaximn and a
pharmaceutical ly acceptable carrier or diluents, wherein the conposition is
f or mul at ed Aflesr presangesk hopn &8 thebpeet Fosur f-é oif Agpximengsoy mediseepiti bl e to a bowel

di sorder, it [ i ORS 10 I ' suffering from
or suscept ?ggoeg It%géﬁa 0\1;\%1] Egc}tlhgg?%%ﬁ%%r%s@notfgg&)ﬁg&%%ﬁ? ﬁ]ilégﬂcglg%m()f Form ~ of
rifaxi mn adsaprieasitaiaiedin is At a0 ef rssttetomestiifaxirsintaba nuskcapienEorm rl - of
rifaximn as a nedicanent. Also presented herein is the use of Forma-dry

of ri faxi mPiessted hawsi), @grrfing to APQIBCTHRSPEENRE PrRePEH Ao the redugtian gf omyPTn ¢ |

of rifax] jis=Tell qﬂgp{ neSERt BSLHERA i r
nmor e f%?gﬁgﬁg’ﬁ?g’ms oﬁ’ ri a&idﬁi;’%gggl’a rre%?’carren@?’ls soggrr%?ger??%dt ﬂer ein
i s theraserpbustorms@f tifximmi. f axi m n as a nedi canent. 15 WO 2009/ 108730
PCT/USZOOQ/OSS%%& Al so pr%sented erein is. the use of Form0-2 of
rifaximn A&SENE ACEAteAtordiesty FLE SRS A -k i QBwrisiherdy ARFD. gr y

of ri faniisOb@stRIYRAhEAE Plgure Al SO presented herein is the use of nesylate
Formof rifaximn as a nedi canent. Presented herein, according to another

aspect, ar @rgeoeedsesn,fapcordme for atintri aspeadf isanEBomn Cnafr efagimia deormmsiag &or m
arror pRUURD P oEs SBE l RT Y B isUE-o0 het ei n. ccor dh hg 10 anot her |
o i gur e L e e R b S A e o
ri f axiXdRED pettigynissbstantialy similar to Figure 3.
Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising an XRPD pattern substantially similar to Figure 4.
Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TGA and a DSC substantially similar to Figure 5.
Presented herein, according to another aspect, is a Form { of rifaximin comprising an
XRPD pattern substantially similar to Figure 8.
Presented herein, according to another aspect, is a Form n of rifaximin comprising an
XRPD pattern substantially similar to Figure 9.
Presented herein, according to another aspect, is a Form amorphous of rifaximin
comprising an XRPD pattern substantially similar to Figure 10.
Presented herein, according to another aspect, is a Form 1 of rifaximin comprising an
XRPD pattern substantially similar to Figure 11.
Presented herein, according to another aspect, is a mesylate Form of rifaximin comprising
an XRPD pattern substantially similar to Figure 15.
Presented herein, according to another aspect, is a Form amorphous of rifaximin

comprising a DSC substantially similar to Figure 20.

16



XRPD pattern substantially simlar to Figure 2. Presented herein, according
to another aspect, is a Form 11l of rifaximn conprising an XRPD pattern
subst ant ivabIl2gosgiogisbar to Figure 3. Presented herein, aceordisegonssianot her
aspect, is a Form anorphous of rifaximn conprising an XRPD pattern
substantially simlar to Figure 4. Presented herein, according to another
aspect, is a Form anorphous of rifaximn conprising a TGA and a DSC
substantially simlar to Figure 5. Presented herein, according to another
aspect, is a Form~ of rifaximn conprising an XRPD pattern substantially
simlar to Figure 8. Presented herein, according to another aspect, is a
Form 11 of Prgskairil nqicinompedrdinggtoa anotRRPesysat t sr i U raerphaup yofs riggNimn t o

Fi gur Prese i rdi. . another aspect, is a Form

anor p%S%lgngng%iC&élg‘%rw]?ﬁ&%ggsrtr%nﬁ%g?ﬁ%lﬂg% té(%lggpep% ‘tern substantially simlar to
Fi gure 10. Prrsestedt iegeihenetordingcondbthgr hopeanoisher F@aapaaiorphosis aofFeifaRimirof
rifaximn conprising an XRPD pattern substantially simlar to Figure 11.

Pr eseSPBHTIHER @i 1 suldtgtangmilgr infgewsr2aspect, is a nesyl ate Form of

rifaximn ¢oiRfi§ N9ein2YcSRNR: PR Lﬁo[%ﬁkrs séand i.a! Lﬁio@h%é %nho%ﬂi%kﬁ i
Presented herein, according {6 another a pect, 1s a Form anor phous o
ri f axicomprisiogapyclngigSa shiS@ugiablg seomtarad Figusi 24.1 ar to Figure 20. 16 WO

2009/ 108730 PCT/ US2009/ 035192 Presented herein, according to ot her .
aspect , s P PoROSSTBE 10 ARQIR ASRESHpIS &1 G 2EWEMOHS Searxmin

subst aBkipakinY aStAbdRlantiQFligMbL2diguidresent ed herein, according to anot her
aspect, is a Form anorphous of rifaximn conprising a TG substantially

sinilar toPrsgueéd R2cinPregedingdichenether, aspeebr di mgFarm amorpleus agheitaximins an
D850 TSl 8K Tl TR R FLsL 00, o0 Substant Ll y 1 i
anor phous @hesehtb@xhdrtin, a6 StoNAnéthdiGassdost 8Nk i Bdrhy asiofptoas O rif-guue 25.
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 ¢ dry comprising a TGA and/or
DSC substantially similar to Figure 37.
Presented 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 B-2 of rifaximin comprising the
XRPD substantially similar Figure 38.
Presented herein, according to another aspect, is a Form -2 of rifaximin comprising

aTGA and/or DSC substantially similar to Figure 39.
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Presented herein, according to another aspect, is a Form anorphous of
rifaximn conprising a cycling DSC substantially simlar to Figure 27.

Pr esent edwben@/mg73accor di ng t o anot her aspect, is a For RCarase@ooBHIDF
rifaximn conprising a TG substantially simlar to Figure 28. Presented
herein, according to another aspect, is a Form anorphous of rifaximn
conprising a nodul ated DSC substantially simlar to Figure 29. Presented
herein, according to another aspect, is a Form anorphous of rifaximn
conprising a nodul ated DSC substantially simlar to Figure 30. Presented
herei n, according to another aspect, is a Formi conprising thermal data
subst ant i alPrgsestedinpigin, pecomiigg teamdther pprosk it @ Home felrncoraprisangls Ag A endeict her

aspectDSd' §1§%Faﬁﬁ£rﬂg}s§eﬂntﬂ%9mi%ﬂeQ%' proton NVMR spectrum substantially simlar

to Figure nted herein, according to another aspect, is a Forma
dry conpri Preygntad Hefeiansbicordindd&C asothst aspictialid ¥ Borm kaliy tcombtigiup ean3XRPD
Presented herein, according to another aspect, is a FormO0-1 of rifaximn
conpr iP&ttery subdantiRibpinaifasde Bigratly similar Figure 38. Presented herein,

accordi ng tgy %%Eméﬁaﬁ&ta kS afe @gélggg?'igfr&f rifaximn conprising the

XRPD substantially simlar Figure esented herein, according to
anot her aspect, is a FormO0-2 of rifaximn conprising aTGA and/or DSC

subst ial L m ' &7 WD 2009/ 108730 PCT/ US2009/ 035192

Pr ese%ﬁﬁ%éw%ég&bgﬁ%@ﬁg&a\ﬁﬁ?ﬁ r aspect, is a FormF -dry conprising
a TGA and/ PhoRe l%é&ﬁﬁ}l et Pa@érﬁbkﬁﬁfa&&iﬁ@gﬂﬁ‘%_ﬂ&). Presented herein,

according to another aspect, is a Formr,-dry conprising an XRPD pattern
subst ant i alFligurs 2 nd 4raexetpldry FRRD Ritter@ohBifapmbodformedit and aspects are

di scl osed infra, . BRI EF DES | ON OF THE DRAW NGS Figure 1 is an
exenpl ary XESEF pit {51 a%%ﬁgrﬁaﬁe@&fjﬁlﬁm orm ).

Figure 4 is an exemplary XRPD pattern of rifaximin Form amorphous.

Figure 5 shows an exemplary TGA and a DSC of rifaximin form amorphous.

Figure 6 shows an exemplary MDSC of rifaximin form amorphous.

Figure 7 depicts results of TGA and DSC of rifaximin Form -2.

Figure 8 depicts an exemplary XRPD pattern of rifaximin Form C.

Figure 9 depicts an exemplary XRPD pattern of rifaximin Form n.

Figure 10 depicts an exemplary XRPD pattern of rifaximin Form amorphous.

Figure 11 depicts an exemplary XRPD pattern of rifaximin Form 1.

Figure 12 depicts an exemplary background subtracted XRPD pattern of Rifaximin, Form
Iota.

Figure 13 depicts list of observed peaks for Rifaximin, Form Iota. Note that the peak
labels are meant as a visual aid. Consult Figure 14 for accurate 20 positions.

Figure 14A depicts peaks for Rifaximin, Form lota and 14B depicts prominent peaks for
Rifaximin, Form Iota.

Figure 15 depicts an XRPD pattern for the mesylate Form of rifaximin.

Figure 16 depicts an exemplary background subtracted XRPD pattern of rifaximin
mesylate salt, XRPD.

Figure 17 depicts a list of observed peaks for rifaximin mesylate salt. Note that the peak

labels in this image are meant as a visual aid. Consult Figure 18 for accurate 20 positions.
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Figure 2 is an exenplary XRPD Pattern of Rifaximn Formc. Figure 3 is an
exenpl ary XRPD Pattern of Rifaximn Formii. Figure 4 is an exenplary XRPD
pattern oWorndwposTs0n For m anor phous. Figure 5 shows anPexarspdoanysi?:A and a
DSC of rifaximn form anorphous. Figure 6 shows an exenplary MDSC of
rifaximn form anorphous. Figure 7 depicts results of TGA and DSC of
rifaximn FormO0-2. Figure 8 depicts an exenplary XRPD pattern of
rifaximn Formc. Figure 9 depicts an exenplary XRPD pattern of rifaximn
Formr). Figure 10 depicts an exenplary XRPD pattern of rifaximn Form
anor phous. Figure 11 depicts an exenplary XRPD pattern of rifaximn Form

t. Figure Izuepdsuspigh cbieed peajks feiokigrisiinmosylbtersali ved | REEpisttrenincat

Ri f axi Q e 13 depicts list of observed peaks for
Ri fampgh& fogﬁfa%n[n &l&ykﬁb% %ﬁl{ hat the peak |abels are neant as a visual aid.

Consul t Fi Gigee 19 défitts as ex¢raplary? XRPIS bidriap of rifiguircanidipholepitetptpeaks for
Ri faxi mn, Form |ota and 14B depicts prom nent peaks for Rifaximn, Form
lota. Fi guFdsus eéiﬁpletwna%emm pRBE et pifagmin.panqrahgusdewsliEprasindetion g mi n.

Fi gur e Q&Bb%ﬁlh% w6%enpl ary background subtracted XRPD pattern of
rifaxi hjyﬁa mesyl at eBsffla?)e XRPD. Figure 17 depicts a list of observed peaks

for rifaxi ﬁguraé?slydiaﬂ@s aabmplahjotr@uitha)tf dykBngp dC df atfekigninnambiphousmigeshar e

meant as.a al Consul t . Fi e 18 for accurate 20 positions. 18 WO
2009/ Pé%}ﬂ?:‘@“%% Uﬁbglﬁﬁﬁtg?i‘@ﬁhhﬁ e 18A depicts observed peaks for

rifaximn m‘e%%xé ap %eﬁl@{stex@ﬂlgla%ﬁaegﬁﬁl SUEG BESLNEH, ankeitoss (QhsH prleipitHidh
nesyl at e sal Figure 19 depicts an exenplary XRPD overlay of rifaximn

amrpifmmeféivtm@WIchgMa@)zo depi cts an exenplary DSC of ri faX| mi n
Sroronos. gt BSeL AL ALLaL oo B AR R AL RSRLRNEL vl

amorphous (crash precipitation from ethyl acetate with heptane) and likely amorphous.

Figure 24 depicts exemplary results of cycling DSC of rifaximin, amorphous
(lyophilization in p-dioxane: water 1:1).

Figure 25 depicts an exemplary results of TG of rifaximin, amorphous (lyophilization in
p-dioxane: water 1:1).

Figure 26 depicts an exemplary XRPD of Rifaximin, amorphous (top to bottom):
amorphous (lyophilization in p-dioxane: water 1:1) and likely amorphous.

Figure 27 depicts exemplary results of cycling DSC of rifaximin, amorphous (fast
evaporation from acetone).

Figure 28 depicts exemplary results of TG of rifaximin, amorphous (fast evaporation
from acetone).

Figure 29 depicts exemplary results of modulated DSC of rifaximin, amorphous (crash
precipitation from ethyl acetate with heptane).

Figure 30 depicts exemplary results of modulated DSC of rifaximin, amorphous (crash
precipitation from ethyl acetate with heptane).

Figure 31 depicts exemplary results of thermal data for rifaximin, Form t.

Figures 32A and 32B depict exemplary results of hot stage microscopy of rifaximin,
Form 1.

Figure 33 depicts the result of FT-IR spectrum of rifaximin, Form .
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precipitation fromethyl acetate with heptane). Figure 22 depicts exenplary
results of TG of rifaximn, anorphous (crash precipitation from ethyl

acet at e wohotvepssne). Figure 23 depicts an exenpl ary XRPDusz@wloasonf
rifaximn, anmorphous (top to bottom: anorphous (crash precipitation from
ethyl acetate with heptane) and |ikely anorphous. Figure 24 depicts

exenpl ary results of cycling DSC of rifaximn, anorphous (Ilyophilization
in p-dioxane: water 1:1). Figure 25 depicts an exenplary results of TG of
rifaximn, anorphous (lyophilization in p-dioxane: water 1:1). Figure 26
depicts an exenplary XRPD of Rifaximn, anorphous (top to bottom:

anor phous FHigusphi4A teak depict exemphinn xasdts oharosen MR spestum; ol gifyximwb Herbus .

Fi 27 . ‘ o . F i faximin,
(t o6t ® ovatiit b3 JESERREMLeRR G oRHEY BETIRC Rk R BRI S
of riftaR668 om-lasd FpsOUBori asSccond pOoahioadty; Thiedn aceh GnEurtti Gone y2Bifilepi ct s

exenplary results of nodul ated DSC of rifaximn, anorphous (crash
preci piofad: dixth r Beaneepd Seratthr Eoup emopdstane) . Fi gure 30 depicts exenpl ary

results of Fq% dulat gd; [ %5, p%ﬁﬂo%' : i B [ from
et hyl acet at %3? h é%tsgtﬁlceé)&.eﬁlplfa%re lpgg%?lcts e?g?r[{p?gik;}fa?gg%l ?)léﬁ%?' ta ﬂ’er mal
dat a f(@p),rfofmari(middle)Fardotm oFrefarcese @akomnd 32B depi ct exenplary results of

hot stage m.cro - of rifaximn, F t igure.33 depicts the result of
FT-1 R spect it of QPR RGB! TP S608 A barat TRSH U000/ 035192
Fi gures 34440 BRdRpic (RXRRPbAsIMPESH b rZixiRiPEeAn WR FpeptaM@frence
rifaximn, Formt. "Figure 35 depicts exenplary rifaximn - overlay of
FT- | RFopadt:r Tep txBatierell FirstonRE78Min dopedB1.checond -Rifatimin Fommpel; Tewiond -
Form gy TROES o £Qrm 0 FOUELR o ROEMYG Rt B (S Bl asiithdr JO7 ™
2005/0272754 Al).
Figure 39 depicts exemplary results of TGA and DSC of Rifaximin form -2.
Figure 40 depicts the results of TGA and DSC of Rifaximin form e-dry.
Figure 41 depicts an exemplary comparison of XRPD Patterns of Rifaximin Form ¢ dry,
and Reference Pattern €: (top to bottom) First - Form ¢ dry; Second - Form ¢; and Third - Form ¢

reference, European Patent Application No. 05 004 695.2, dated March 3, 2005.

DETAILED DESCRIPTION

Embodiments of the invention relate to the discovery of new polymorphic forms of
rifaximin and the use of those forms as antibiotics. In one embodiment the use of Form (
(Figures 1, 2, and &), Form n (Figures 3 and 9), Form a-dry (Figures 35 — 37), Form 1 (Figures 11
— 14, 31 — 34), Form B-1 (Figure and 38), Form B-2 (Figures 7, 38 and 39), Form e-dry (Figures
40 and 41), mesylate Form (Figures 15 — 18) or amorphous forms (Figures 4 — 6, 10, 19 — 30,
and 35) of the antibiotic known as Rifaximin (INN), in the manufacture of medicinal
preparations for the oral or topical route is contemplated. Embodiments of the invention also
relate to administration of such medicinal preparations to a subject in need of treatment with
antibiotics.

Rifaximin is a compound of the rifamycin class of antibiotics. Rifaximin is a compound

having the structure of Formula I:
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Figure 36 depicts an exenplary XRPD pattern conparison of Rifaximn form a.
dry (top), forma (mddle), and forma reference (botton). Figure 37

depi ct s ewerrpdsarg7nesul ts of TGA and DSC of Rifaxim n Fecmus2avp3sibt gure 38
depicts the XRPD conparison of rifaximn FormO-1, 0-2, 0 and Reference
FormO: (Top to Bottom First - Rifaximn FormO-1; Second - R faximn Form
0-2; Third - Rfaximn FormO; and Fourth - Rifaximn Reference FormO (US
Pat ent Application US 2005/0272754 Al). Figure 39 depicts exenplary
results of TGA and DSC of Rifaximn formO-2. Figure 40 depicts the
results of TGA and DSC of Rifaximn formr,-dry. Figure 41 depicts an

exenpl ary conparison of XRPD Patterns of Rifaximn Fornms dry, and

Ref erence Pattern s: (top to Y&ttomSHeirst - Fornms dry; Second - Forms;
and Third - Forms reference; Eurofean Patent Application No. 05 004
695.2, dated March 3, H2005.
invention rel at\g to the difsceueNy0f n pol yworphic fornms of rifaximn
and the use of §§hns@ f or ms| S anti biotics. |n|lone enbodi nent the use of
Formc (Fi es 1, 2 8). Fgmrl P& gur 3 and 9), Forma-dry
(Figures 35°- 37), For i 31 >cH84), Form O0-1 (Figure and
38), Form0-2 (Figures -dry (Figures 40 and 41),

mesyl at e FormT(/FiOg},lure f ] aqor phons forns (Figures 4 - 6, 10, 19 -
30, and 35)H;0f" t hednt5 bi ‘ xR faximn (INN), in the manufacture
of nedicinal preparhpti%hs or topical route is contenpl ated.

Enbodi nents of the jhvent)
medi ci nal prepar at/ns
Rifaximn is a corfpound, of t
a conpound havi ng ‘
PCT/ US2009/ 035192

relgte to adnm nistrati on of such

4 ced of treatment with antibiotics.
yCi of antibiotics. Rifaximn is
0 WO 2009/108730

CH3 (D).
Table 1. Summary of Some Rifaximin Forms
mole of H,O RH stability’
EtOH vacuum
Form® single TGA (single dried PO 11% | 33% | 58% | 75% | 94%
crystal crystal) 5 RH RH | RH RH RH
o dry | (monohydrate) - 1 - o dry - - A § § §
trihydrate/
B-1 ethanolate 3 ) 0.8 ) } - B ptpk p B
p-2 (trihydrate) - 3 - o dry - - ol
v-1(%) (mesophase)
g-dry | (hemihydrate) - 0.5
(intermediate i i i T or e
5 phase) v+ &ty
n (mesophase) - - - n
amorphous - - - - - - - am am

21



00 HBCOHOHOHCH3 H3 H3CCH3 / ON ONO CH3 CH3 (j) Table 1.
Summary of Sone Rifaximn Fornms nole of H2ZO RH stability" EtOH Forna

si ngl e (swogh@/Msmsaum 11% 33% 58% 75% 94% crystal TGA ecyatsadop/ossivbed P201

RHRHRHRHRH a dry (nonohydrate) - 1 - adry - - ARRR trihydrate/

R-1 ethanolate 3 0.8 B (3+pk RR R-2 (trihydrate)

y 1(4) (mesophase) - - - - - - - s-dry (hem hydrate) - 0.5 - - -

(internmediate Il or + phase) 7+,0 T1 (nesophase) - - - ~1 - - - -

armrphous - - - - - - - amam- 21

a. Hydrate was determined by either single crystal data or roughly estimated based on TGA weight loss of the specitic
sample analyzed (in parenthesis). Since the single crystal structure indicates water is present in layers, variable
amounts of water can present in a same crystalline form. Mesophase was determined by XRPD patterns.

Mole of water per mole of rifaximin, determined either by single crystal data or estimated by TGA weight loss.

solid form change after exposing the samples to specified RH conditions, am = amorphous

This sample was studied at 20% RH

This sample was exposed at 75% RH at 40 °C for 1 day.

cao o

2% <<

polymorph £, and

“rifaximin £ are used interchangeably to denote the polymorphic form of rifaximin as further

As used herein, “rifaximin Form {,” “Form {” “Form { of rifaximin,
2 2

described herein by, for example, one or more peaks of an x-ray diffractogram, differential
scanning calorimetry data (Figures 1 and 2). Form { comprises 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 degrees 2-0; or at
about 8.2, 8.6, and 9.5 degrees 2-0; or at about 10.2 (triplet), 12.6 (quintet), and 13.2 (doublet)
degrees 2-0; or at about 7.3, 10.5, and 12.9 (doublet) degrees 2-8; or at about 7.3, 7.6 (doublet),
8.2, 8.6 degrees 2-0; or at about 4.7 (doublet), 7.3, 7.6 (doublet), 9.5, and 10.5 degrees 2-0; or at
about 8.2, 8.6, 9.5, 10.2 (triplet), and 10.5 degrees 2-0; or at about 8.6, 9.5, 10.2 (triplet), 10.5,
and 11.2 (doublet) degrees 2-0; or at about 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. Form { may be identified and characterized by one or more of these
parameters and/or one or more of the peaks or points in the ranges.

2% <¢

As used herein, “rifaximin Form 7,” “Form m,” “polymorph n,” “Form n of rifaximin”
and ‘“rifaximin n” are used interchangeably to denote the polymorphic form of rifaximin as
further described herein by, for example, one or more peaks of an x-ray diffractogram (Figure 3)
and methods of making such form. Form m comprises x-ray powder diffraction pattern peak
positions at about 6.1, 7.3, and 7.5 degrees 2-9; 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 2-0; 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 2-6; or 5.3, 6.1,
and 12.7 degrees 2-0; 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,
7.3,7.5,79, 8.8, and 12.7 degrees 2-6; or 5.3, 6.1, 7.3, 7.5, 7.9, 8.8, 12.7 degrees 2-09; or 5.3, 6.1,

7.3,7.9, 8.8, and 12.7 degrees 2-9; or 5.3, 6.1, 7.3, 7.5, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1, 7.3,
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WO 2009/ 108730 PCT/ US2009/ 035192 a. Hydrate was determ ned by either single
crystal data or roughly estinmated based on TGA wei ght |oss of the specific
sanpl e amnabya@diogisn parent hesis). Since the single crystralr/ts2e090810E
indicates water is present in layers, variable anounts of water can
present in a same crystalline form Mesophase was determ ned by XRPD
patterns. b. Mdle of water per nole of rifaximn, determ ned either by
single crystal data or estinmated by TGA weight loss. c¢. solid form change
after exposing the sanples to specified RH conditions, am = anorphous d.
This sanple was studied at 20% RH. e. This sanple was exposed at 75% RH at
40 C floh. 70, 8y anhb2.i legrepe?-€i Fornt irrfamemi@ntlf@d#né charagteyized by onger more of
a'e;g;"e nga an{%‘?éré’ {]&ho or o} oftr eﬁ%&'oﬁf‘p&n@ fﬁra‘ﬁ@&d | nterchangeably to

yor phi ormo Ximn+tas descri bed herein by,

for exanpl e\s poé h@trelﬂm‘h&xﬁlﬁﬁlkEorﬁf 1, ’ahFcme ‘a’ﬁl“lﬁhlfrﬁlb@thttsj’g‘ff@lﬂm b ffrifexiefit’t add
scanning calorinetry data (Figures 1 and .. Form.c conprises an x-ray
powder TERXMHLE 318 s Hitrehangpaik thdsnate éli*FsP%lb’mQH&%ﬁ erm70 HEHN® 38, fu?ther

(doub ld%g%’l_bS&l Mreth By, d69 re?ﬁﬁpl% ?“cfo y bling%e) ﬁéagygf n & 5 § eg)a’m &%R ?ﬁ%fglglat

degr ees or at-about 7 reés

about dataz pr BOt&ta%HdlC@SEOMH@ESS Pl 0;14and &tl a%)tmldjrﬁetﬁocﬂs ofi rpilleng such2foim.

(qui n and .13. 2 (doub et f rees 2-0; or.at gbou % (%,5 and 12.9
(doubl GRYPEES Tray. DY eald éfﬁ%ﬂﬁ pafigrn peak nOgKIgRY dseribedabpveg Fgrigd gpavess

2-0; @ 1@&ntﬁﬁ9%d‘bh§ra(:fé%$ﬂ ﬁg)one Or ?fmorz oF thad@WalBioters %né/’or 38 o1 Onore degREES
2-0; or at about .2 (triplet), and .5 degrees 2-0; or

at ab@ﬁ@kS&r@OlI@S@thdﬁmgeS(trl plet), 10 5 and 11.2 (doubl et) degrees 2-0;
or at about, 4. 7 doub

| et. 3,,,76 doule,t,“ 2, 8.6, 9.5,
00, 5 (hrr ot sed TR ShitusirRnSmeriady Fords “pomlareiS” tho By
(qui ntgbm nile%yfate( @Mﬁkﬁﬁm and3r1?axirﬁﬁ%b@ﬂéte’d%r®@§ uae&haﬂ‘g@amycto 8ot €he

identified and characterized by one or nore of these aranet ers and/ or one
or nomebdtorphie f@@&ﬁ%ﬂ@%lt@l@uaﬁtf@rth% d@%lbﬁéhg@gl byadorgsemphre paE AL MOFq eaks Af n

e g RUIEC t5inag Sh A b Ry MR e
f ur t hebmpeiseri- b@q)oh&ireedﬂfrbmlonfpatte@wp besltlamede@CrlbﬁdrabomaM&sﬁﬁte&%mm ey

di ffract.ogr m(Fl e 3) nd net hods of maki ng such form Form 11
corrpr ibggdentl wéwnscf%a@fsteawf P&@tﬂ? & %ﬁ@éﬁbﬁ%@&@m%ﬁé.aﬁ 8henaer aMsef gher

aTe B/ 39@9{% Al Of 7.3, and 7.9 degrees 2-0; or 6.1, 7.3,
and % Sd)e roeesnz- ; §86 1, 7 3 and 12.7 degrees 2-0; or 6.1, 7.5, and

8. 8 degreeds2ufkd (hereﬁl 1“r1ﬁ(x1ﬁ11n Eamth hnﬁ)rphmls,é?eéF(ﬁ'ﬂﬂ anm)n‘plﬁ)uB,,” éndl | “ridaxdmih 3

degr °% %phoousogre5us:e)’d nger]c'hangeadbly to den eo%e B arno_rpl'lm%r fo?ms3 of gfaxnnm formed from
mechanical disruption of polymorphic forms of rifaximin as further described herein by, for
example, one or more peaks of an x-ray diffractogram, including 7.3 (approximate halo
maximum), 11.3-17.8 (amorphous halo range), and 15.8 (approximate halo maximum) degrees
2-0; or 5.1-10.1 (amorphous halo range), 11.3-17.8 (amorphous halo range), and 15.8
(approximate halo maximum) degrees 2-0; or 5.1-10.1 (amorphous halo range), 7.3 (approximate
halo maximum), and 11.3-17.8 (amorphous halo range) degrees 2-0; or 5.1-10.1 (amorphous halo
range), 7.3 (approximate halo maximum), and 15.8 (approximate halo maximum) degrees 2-0; or
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; (Figure 4) dissolution, or differential

scanning calorimetry data (Figure 5 and 11-14), Form amorphous may be identified and

characterized by one or more of these parameters and/or one or more of the peaks or points in the
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and 12.7 degrees 2-0; 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,W0.2609/10839 8.8, 12.7 degrees 2-0; or 5.3, 6.1, PCT/UB2008/035198. 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, 22 WD 2009/108730 PCT/US2009/035192 7.5, 7.9, 8.8, and 12.7
degrees 2-0. Form 11 may be identified and characterized by one or nore of
t hese paraneters and/or one or nore of the peaks or points in the ranges.
As used herein, "rifaximn Formt," "Formt," "polynorph t," "Formi of
rifaximn" and "rifaximn f' are used |nterchangeably to denote t he

pol ynoigeeb.c Flor gmerphops deingi 5 asedf bereiners eampﬁsmbhéh@gﬁnml rerf@rpnwmrpl e,

o age TRhg BERSRyfh 3P 1Rl RS QUEANRG R R0 0, Rl 8L
f or m indeatificd,i focOupipls &y XRPByTGQ]DSeZT ndidﬁfateﬁidbS@,rbI’ﬁfHE lIlEhEthEtﬁi@KthOﬁelsm 6ns

descri bed above Formti may be identified and characterized by one or
nore df ad ge*ﬁﬁfaneters and/ or one or nore of the peaks or points in the

ranges. AS ARl LR fhe,ilch bk IRRUALENEN iy o' EQL B8] Bl Eerence o

"pol ynor ph nmesyl a ate of ritaximn' aximn
mesyl abeforas ef usedmimietr mhadgewihin the coetnxt salt, hedrapo lpylyoropph end amonpbbus

rifaxiJdmn urt.h descri bed _herei for exanpl.e ne.or nore s of
o . A s et ed Pogoe depids AR cRE Hom Yo akieh e LN SCal m
Mesyl af et m conprises x-ray powder diffraction pattern peak positions

described above. Mesylate Formmay be identified and characterized by one
or nore of Asheswsd m:afrla,nﬁneeﬁen Abvwr vdive wed morefeaice e x-pgalosvdsr dp‘@iantncgl in

bne ARG R pOSASTRETL I et @l Ve ER TR RS FerentREPE BN ERBE P hous

f or s ted calibfawnHfihd &Iuﬁ@ﬂetft uo¢d, tW@%Jaaéss @8dd @ Iﬁé&twelt@@pélfm@fﬁhy R 4pRicE tiheor B
of rifaximn as further describ erein by, for exanple, one or nore

peaks cafstadiized- material pre dbe dgeadrpandeguen fbc TBrumepHtion | et el ahip Caﬁ%l)ﬂil@rrun)

11. 3- I
deweé%ea@g@%ﬁlﬁﬂ%”if% St%@rf%r? Sglggﬁtﬁoﬁrd% %9)9 R %14;%88% lgﬁﬁlqﬁous hal o
r ange)haviapdhd berfit bﬁﬂps disclomire, Wwalld mﬂxﬂsmnd)thelegr eie‘&bau@ in @lis ioﬂ.teio The

7.3 apprOX|nate hal o maxi nun), and 11.3-17.8

E amor Sﬁ%ﬂia@t o é@fg@r@ycedégpéﬂég dofiped BRramICHrS (58 (VRHBr(OREHE Pratootma AUC,
intrinsic dissolution rates, temperature, and time, indicates the inherent variability in, for
example, measuring the parameter or achieving the parameter. A person skilled in the art,
having the benefit of this disclosure, would understand the variability of a parameter as connoted
by the use of the word about.

Polymorphism, as used herein, refers to the occurrence of different crystalline forms of a
single compound in distinct hydrate status, ¢.g., a property of some compounds and complexes.
Thus, polymorphs are distinct solids sharing the same molecular formula, yet each polymorph
may have distinct physical properties. Therefore, a single compound may give rise to a variety
of polymorphic forms where each form has different and distinct physical properties, such as
solubility profiles, melting point temperatures, hygroscopicity, particle shape, density,
flowability, compactibility and/or x-ray diffraction peaks. The solubility of each polymorph may
vary, thus, identifying the existence of pharmaceutical polymorphs is essential for providing
pharmaceuticals with predictable solubility profiles. It is desirable to investigate all solid state

forms of a drug, including all polymorphic forms, and to determine the stability, dissolution and
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range), 7.3 (approximate hal o maxi nun), and 15.8 (approxi mate hal o maxi num
degrees 2-0; or 5.1-10.1 (anorphous halo range), 7.3 (approximte halo

maxi num ,whko®/10§738 (anor phous hal o range), 15.8 (appr exirnst@9oinaiio2

maxi mum) degrees 2-0; (Figure 4) dissolution, or differential scanning
calorinetry data (Figure 5 and 11-14), Form anor phous may be identified and
characterized by one or nore of these paraneters and/or one or nore of the
peaks or points in the 23 WD 2009/108730 PCT/ US2009/ 035192 ranges. The
anor phous form as used herein, is enconpassed by the general reference to
rifaximn polynorphs or ponnDrphlc forms of rifaximn. The anorphous forns
may bdlow rentriigsi efl ca¢lbrpodwaerphis, sy XRPaympphipdarmyefid £08WOmSC canrbET- | R

i e

rif axiinfrared @pbctmﬁietrgle%wa tgbme’iattﬂaelemﬁ iymopak tnd thedihat@accpatal appldatiand
annrphous forms of rifaximn disclosed here|n This use d@$ends on context

and wioff polygagphsatee p Mn‘é’atif Pham Mantlﬁﬁt% lagr8l6) InK. Glakshlipe prd NV. Mperopg, In
) abOUtP'haHHGS?: Used i N6 SRR HRIBTARY, fl?a '64f ![2”@%9*7‘53 Q?Bf\%ﬁﬁhl%‘?@k
variability’ o e

posi tions refers to 't her ent he ‘peaks pendi ng on, for
exanpﬁmeWHMedbahudmmmﬁﬂﬁumf t he eqU|pnent used the process used to

produce the pon , .the age of the cr lllzed er nd t e like,
Gepend ng o VIl TGy DAL PSS Gazarivy hichoSEerepRac Hesdlie fom a

var i abolyief &flsé?tfdelt Qﬁoﬂl&sﬁlﬁ&ﬁﬁnﬁrea‘ﬁ@fﬁe BPoMlkitith &r HBICERE otidPwisd b@ﬁ‘étﬁ%rﬁ kid | ed
inthe art, having the benefit of this disclosure, would understand the

use ofadtnanietrtioni of & iifsxiowntasxdesciibesl heneinm stalb@st tunian ped epeihoman cansmhlsr

defi €. 4.
ai sson iean papee. v Eoinsl R SorEREs Al R iPee e, Pl ObF he

var i abiventiyn iiclude@rall €XRBRIE, cFBasuhial, ERE AR &1 nfife, AGH IMIMENIAL,
parameter. A person skilled in the art, haV|ng the benefit of this
di scl 68el @ oRuhemem dsimates de-gheshoann 8.1 Faw. 6 ickerparamndiinsagepidanotiéd by

the usg. o gu‘b@ G0l AP Atk ak b ?t# paon 1$LH1)3§CQS neLsi E? 3 %goc{e%l%h Zlgit £ bél

occurrenc ferent crystal s i nct
hydr atdésosdeatitifectién, g, , @bjﬂc@pﬁfffeﬁngf ﬁ@mm@mr@patp@ﬁbsmamdm)@maﬂ éxehave baus,
pg: z%&g&sed atro eotlcljelrsstulbjne%ts %%lhlad%acstgr?arllnqtgect[lohne psh%lrsrl%lagls)l gtﬁlsjelsarsu‘ttjgcr:tgltlllra%ehggeto each
remote areas known to harbor bacteria that causes travelers’ diarrhea, etc.
The language “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 embodiment, the therapeutic
benefit is inhibiting a virus, or in prolonging the survivability of a subject with such a viral
infection. In another embodiment, the therapeutic benefit is inhibiting a bacterial infection or
prolonging the survival of a subject with such a bacterial infection beyond that expected in the
absence of such treatment.

Rifaximin exerts a broad antibacterial activity in the gastrointestinal tract against

localized gastrointestinal bacteria that cause infectious diarrhea, including anaerobic strains. It
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may have distinct physical properties. Therefore, a single conmpound may
give rise to a variety of polynorphic forns where each formhas different
and di st iwotophsizeal properties, such as solubility profriusee9/osabri ng
poi nt tenperatures, hygroscopicity, particle shape, density, flowability,
conpactibility and/or x-ray diffraction peaks. The solubility of each

pol ynorph may vary, thus, identifying the existence of pharnmaceuti cal

pol ynorphs is essential for providing pharmaceuticals with predictable
solubility profiles. It is desirable to investigate all solid state forns
of a drug, including all polynorphic fornms, and to determ ne the stability,
di ssolhgs pegn mpertethayyifaxgony s Gh73otcPaT UIS200RIYBE 1ystemi ghjoptiopees Wsitof
each ' 7. phikc. f or f .can e

G st AOeERLANY o L S DteR (D Gock BUTT e Bk FARRALDRLERT B0 o sty

ot her dfet bedadsitsir@mn in hedirhanetingRes UkoNEkn PhainicoBRGE (3] 51-86] @WHF.

pol ynor phs _and t he pharpaceutical applications of polynorphs see G M

Wal |, Phar i NesRGst. tospossiblq adygese: eventskeountadety thenthgisacuic wiecporifaximin, phgar m
Sci ., ; : ; ebl : i., 64, 1269 (1975),
al | oféﬁﬁpgﬁ62&%%§%%g§?g%féggﬁeﬁgg%?ﬁgﬁsef%#g?gﬁgggkﬁg%Used her ei n

"subj ect" iFnahutlsspaontgahivews anhidificeneesclapablie tiof systdrhierdbagrptionmfa, nbomel
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such as non- human prinmates, e,q., sheep, dog,.cow, chickens, anphi bjans,
rept i [Ve&COMgcf ag@ﬁ@’c%%fflﬁw 4@99%7%6@|ffedrf%wa‘éﬁﬁré%géﬁeowwg’}v)J&&Smnt
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suffering frominmmune suppression, subjects that have béen expodsed to

ot her spedgseChenawetupy, Heér é93-ab6,(2080t i on, physi ci ans, nurses, subjects

t | i te.ar Kk t 0 har bor, bacteri.a that t r.ay. -
i arrhea. SPLMOFRE PLAURGNT S, biiny BUBE oaRry B REbe; ve Riatir el BT °
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or otherw se described herein which is effective, upon single or multiple
dose abmincsuticals with diffarent chatsrisasticsifar geeiatmenipfanteetianst iTigs wobldcllemi al

I i eCtgieR&ation of rifaximin preparations that have significantly different levels of adsorption with
Cmax values from about 0.0 ng/ml to 5.0 pug/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, a-~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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The | anguage "therapeutically effective anount” of a conpound of the
invention refers to an anount of an agent which is effective, upon single
or nultipve desessdm ni stration to the subject to provipde/ts2eesapPEULi C
benefit to the subject. In one enbodi nent, the therapeutic benefit is
inhibiting a virus, or in prolonging the survivability of a subject with
such a viral infection. In another enbodinent, the therapeutic benefit is
inhibiting a bacterial infection or prolonging the survival of a subject
wi th such a bacterial infection beyond that expected in the absence of
such treatnment. Rifaximn exerts a broad antibacterial activity in the
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46(4), 253-266,(2000)). Polynorphs of rifaximn have been found to have
di f f enndegendently woepoiczpaniplealon| ditfgrenpimspentritemay Téndso viehabipiyl winoh phgreater
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f rom gl ke h8p@l90Ld SR aPdaeRRed by subjects undergoing treat ment.
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 (7,) temperature onset to be approximately 199 °C
(Figure 5). Amorphous rifaximin was hygroscopic gaining 11.6% weight under 95% RH. The
gained weight was lost during the desorption cycle. The post moisture balance XRPD pattern
was amorphous.
The behavior of amorphous rifaximin under various relative humidities was also

investigated. Amorphous material was stored under 43% RH for 5 days, 58% RH for 8 days and
75% RH for 2 days. The material remained amorphous by XRPD analysis.
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One enbodi ment of the invention is nodul ating the therapeutic action of
rifaximn by selecting the proper polynorphic form or mxture of forns,
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Dosages of rifaximin will also vary depending on the discases state. Proper dosage ranges are
provided herein infra.

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

The identification of those subjects who are in need of prophylactic treatment for bowel
disorder is well within the ability and knowledge of one skilled in the art. Certain of the methods
for identification of subjects which 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 development of
that disease state in the subject. A clinician skilled in the art can readily identify such candidate
subjects, by the wuse of, for example, clinical tests, physical examination and
medical/family/travel history.

A method of assessing the efficacy of the treatment in a subject includes determining the

pre-treatment level of intestinal bacterial overgrowth by methods well known in the art (e.g.,

hydrogen breath testing, biopsy, sampling of the intestinal bacteria, etc.) and then administering
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weight loss to 100 C, acconpanied by a broad endothermat 78 Cin the DSC
trace, i mocatwvmgr3nhe naterial contained residual sol veomr/Us2009i0s3102

endot herm at 203 C was al so observed in the DSC trace. Cyclic DSC was
performed to dry the sanple and determ ne the Tg, however the gl ass
transition tenperature was not apparent fromthe data. Modul at ed
differential scanning <calorinmetry showed the glass transition (Tg)
tenperature onset to be approximately 199 C (Figure 5). Anorphous
rifaximn was hYgr oscopi ¢ gai ning 11. 6% wei ght under 95% RH. The gai ned
wei ghta therapdudiselldefifeatie emeunieeor plaxsmndpdyreorpirie thssabicrpi Afterr & dppremeée XRPD
pattern.. r phou T V| o] u j faximn . I 0uUs
Fel ac Pouod T AR B0, Saen 18 RRIAVARacht BRGRAGH Tell Pt BhiPAEE SEHP LS

under cddfolRd,f@g., D daws, 45B8arRHR flurg thwsudndr 75%olls, ity 1edcday shactbhigl
mat eri al remai ned anor phous by XRPD anal ysis., 27 WD 2009/ 108730

PCT/ USY0Ee0wiB54 dotermingd gaditis The masduiationifyhabacienisd 1ot dicagesisfficacy of the
spray- i ng, i e I i I L . cry | ow.
et hodS bp ThirCheP T B reirnivt, TRAZDE AR QH PRASAS M AGhoRE
or al ltewinant.ndooewehpleeltiat battehiad @vderevthcmap roe sihagkeddesieny $dve rhiongp, daysaor
subj ect Ln need ther%of an Ff fective anmount of, one or no a Form~

" lises)

For m PTCCkESR dssesytle Tridha ¢ the_ Featpgpty @ ﬁ?erﬁaﬁﬁn}%?gﬁ%ﬁl WL uEe

For m Qfdic ABPMRNAY $r B i sRATHIRIURN TRE et dcRirtbed Bowebe el & §dedl SQERSS S
i nclude one or nore of irritable bowel syndrone, di"arrhea, m crobe

associsabjeds thaamadanciTifsn treaimgm dith firdidimimpaymoatred  di arrhea, travel ers'
diarrhea, smal] intestinal bacterial overgrowh, ohn. s disease,.,chronic
pancr ot t 18 e miath @S SRR PR R S SRR RipE o
encephalvepaistiter 86mpRdes hidhiiSistedRe td @ngbjdctoin tdc@AhdFed a fHRFaputdallyi Etave
bowel disorder will depend in part on the disorder. For exar’rg

| e,
t r avelagtoynt @ifag rHesmiRypANgrphe decribed rheerimef thriekit ittoat dhe spbicet abldpen 72

o M T SRR LR AUkoRs LemATRYL 2
di seas@s ostdterifakimipgoydespheart adgédstarcd. provi ded herein infra.

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 nausea, 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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Embodiments also provide pharmaceutical compositions comprising one or more of a
Form {, Form n, Form a-dry, Form 1, Form B-1, Form B-2, Form ¢-dry, mesylate Form or
amorphous forms of rifaximin and a pharmaceutically acceptable carrier. That is, formulations
may contain only one polymorph or may contain a mixture of more than one polymorph.
Mixtures may be selected, for example on the basis of desired amounts of systemic adsorption,
dissolution profile, desired 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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The phrase “pharmaceutically acceptable” refers to those rifaximin polymorphs of the
present invention, compositions containing such compounds, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

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

acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as

corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl
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I nj eCtailﬂiﬁQ-tgéophfeR)rl, edﬁ@”ﬂlee’lik%; St '(h? SRfatt élfé'ihtfﬁrg 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, acrosol and/or parenteral
administration. The compositions may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of administration. The amount of
active ingredient which can be combined with a carrier material to produce a single dosage form
will generally be that amount of the compound which produces a therapeutic effect. Generally,
out of one hundred %, this amount will range from about 1 % to about ninety-nine % of active
ingredient, preferably from about 5 % to about 70 %, most preferably from about 10 % to about
30 %.
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suspension; (3) topical application, for exanple, as a cream ointnment or
spray applied to the skin; (4) intravaginally or intrarectally, for
exanpl e, WO 009p@8mary, creamor foam or (5) aerosol, fPor/usSz@PBEY2 as an
aqueous aerosol, liposonmal preparation or solid particles containing the
conpound. The phrase "pharmaceutically acceptable” refers to those

rifaxi mn pol ynorphs of the present invention, conpositions containing
such conpounds, and/or dosage fornms which are, wthin the scope of sound
medi cal judgnent, suitable for use in contact with the tissues of human
bei ngs and animals wi thout excessive toxicity, irritation, allergic
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such as glycerin, sorbitol, mannitol and polyet ene glycol; (12) esters,
such &gm@@mdme}/élé@beadmm&tmd ap abphlﬁeeleqtqagyoagwe (14) bufferi ng agents,

such as gfesi s < ARoK! £8aPdea! MWLM O Fegs p3Dorhl B Spaslfl

(16) pyrogen- free I'sot’oni C e
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coati ng agent's,” sweet eni ng, | avori ng an
Form B-1, Form B-2, Form e- dry, mesylate Form or amorphous forms together with the usual

excipients, for example diluting agents such as mannitol, lactose and sorbitol; binding agents
such as starches, gelatines, sugars, cellulose derivatives, natural gums and
polyvinylpyrrolidone; lubricating agents such as talc, stearates, hydrogenated vegetable oils,
polyethylenglycol and colloidal silicon dioxide; disintegrating agents such as starches,
celluloses, alginates, gums and reticulated polymers; colouring, flavouring and sweetening
agents.

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

Medicinal preparations for topical use can contain rifaximin Form {, Form 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

33



perfum ng agents, preservatives and anti oxi dants can al so be present in the
conposi tions. Exanples of pharmaceutically-acceptabl e antioxidants include:
(1) wat erweabashiog730ant i oxi dants, such as ascorbi c aci d, PCYAISeI0@35192
hydrochl ori de, sodium bi sulfate, sodium mnetabisulfite, sodiumsulfite and
the like; (2) oil-soluble antioxidants, such as ascorbyl palmtate,

but yl at ed hydroxyani sol e (BHA), butyl ated hydroxytol uene (BHT), |ecithin,
propyl gallate, al pha-tocopherol, and the like; and (3) netal chelating
agents, such as citric acid, ethylenediamne tetraacetic acid (EDTA),
sorbitol, tartaric acid, phosphoric acid, and the |ike. Conpositions
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as pa%&ﬁﬂl{)l%;sac(e%ﬁia%h@ﬁaﬂd”@%erol monostearate; (8) absorbents, such as kaolin and bentonite

clay; (9) lubricants, such as talc, calcium stearate, magnesium stearate, solid polyethylene

or

glycols, sodium lauryl sulfate, and mixtures thereof; and (10) colouring agents. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering agents.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular weight
polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one 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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base, such as gelatin and glycerin, or sucrose and acacia) and/or as nouth
washes and the |ike, each containing a predeterm ned anount of a rifaximn
pol ynor phwe)o@giosrsoact i ve i ngredient. A conpound nmay alpsm/useoaassinz st er ed
as a bolus, electuary or paste. The Form~, Formr), Forma-dry, Formt,
FormO-1, FormO0-2, Formr,-dry, nesylate Form or anorphous forns can be
advant ageously used in the production of nedicinal preparations having
antibiotic activity, containing rifaximn, for both oral and topical use.
The nmedicinal preparations for oral use will contain rifaximn Form ~,
Formrl, Forma-dry, Formt, FormO-1, FormO-2, Formr,-dry, nesylate
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sorbitan nonostearate, glyceryl nonostearate, propylene glycol
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gels and lotions. In solid dosage forns of rifaximn for oral

admi nicSEPKOfSon (capsul es, tablets, pills, dragees,

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

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

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

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
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powders, granules and the like), the active ingredient is typically m xed
with one or nore pharmaceutically-acceptable carriers, such as sodi um
citrate owodnwalogizam phosphate, and/or any of the foll @earng20000351921 1 ers
or extenders, such as starches, |actose, sucrose, glucose, mannitol,

and/or silicic acid; (2) binders, such as, for exanple,

car boxynet hyl cel | ul ose, al ginates, gelatin, polyvinyl pyrrolidone, sucrose
and/ or acacia; (3) hunectants, such as glycerol; (4) disintegrating

agents, such as agar-agar, calciumcarbonate, potato or tapioca starch,
alginic acid, certain silicates, and sodi um carbonate; (5) solution
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tabl ets nay be prepared using binder (for exanple, gelatin or
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powdered active ingredient noistened with an inert liquid diluent. 34 WD
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the p c cal oSt t.] [ erej h dr ag
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in the pharmaceutical-formulating art. They may al sQ be fornu|lated sq as
to prdhpdecsytspllyrcepblorEgr aod] el anyOreRe ke \bé?fplﬁg PEATWKRth &yhesh

usi ng,ma[yo[;m%ﬁ]ﬁ | e, hydroxypropyl nethyl cellulose in varying proportions
to provirde the desired release profile, other polyner nmatrices, |iposones
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 acrosol, 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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and/ or m crospheres. They may be sterilized by, for exanple, filtration
through a bacteria- retaining filter, or by incorporating sterilizing
agents i rwoheoswstsnof sterile solid conpositions whichpcansb@onsasol ved in
sterile water, or some other sterile injectable nmediuminmrediately before
use. These conpositions nmay al so optionally contain opacifying agents and
may be of a conposition that they release the active ingredient(s) only,

or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed nmanner. Exanples of enbeddi ng conpositions which
can be used include polyneric substances and waxes. The active |ngred|ent
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est er sategpaJing sreaibrangeor dsppiginggbe addivgnngrodtetan 41PPHMBstingRsrix bémlo nite,
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I h with
(F:)g.r ?!Im;r. g é%ﬁm@pﬁ%@?ﬁ@pmp@ta@%g{f aﬁg}t@rélr administration may comprise one or

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

Examples of suitable aqueous and non-aqueous carriers which may be employed in the
pharmaceutical compositions include water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable mixtures 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,

37



pol yet hyl ene glycol, a suppository wax or a salicylate, and which is solid
at roomtenperature, but liquid at body tenperature and, therefore, wll
melt in twe o@ctosTsnor vagi nal cavity and rel ease the aeCiIws2@g®Bi192
Conpositions which are suitable for vaginal admnistration also include
pessaries, tanpons, creans, gels, pastes, foans or spray formulations
containing such carriers as are known in the art to be appropriate. Dosage
forms for the topical or transdermal adm nistration of a rifaximn

pol ynmor ph(s) include powders, sprays, ointnents, pastes, creans, |otions,
gel s, solutions, patches and inhalants. The active rifaximn polynorph(s)
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a rifaxi mn polynorph , é§0|p|ents sucﬁ as lactose, talc, silicic acid,
al um nirwgm Ahir oaydbs awadbmplishedi by aht escaod apbfyidmwdpepowder , crpstalling, x salt es
of these substances. Sprays can addjtionally co i n cust r rope] | ants,
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adnlnlsgered by aerosol. This is acconﬁ¥|shed by Ppreparing an aqueous

aer osdtlierdtiyolyo delhyqulrabpanption oha drugdoin ¢b gvaepmpledhed by donse lxing mguspitadivgiipound.

A non-aqueous .{e.qg., fluorocarbon propellant) suspension could be used.
Sonic(ﬁgﬁﬁﬁpiﬁﬁgmg?% preferred because they nininize exposing the agent to

shear, whi ngject@lﬂe depob| fhrhd afle @ii-Ad aby TBrrhg t MErEARHUNRD madhc WV 2 6i@8iha8 730
PCT/ US2009/ 035192 An aqueous aerosol is nade, for exanple, by formulating
an aquebimorgsuin biedegradahle pelygicshsush asheolulgetide-pdydy erdidenPependgigyemthonal

R I L e L R T S e
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, are formulated into pharmaceutically-acceptable dosage forms by methods known to
those of skill in the art.

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

range is from 25 to 3000 mg per day.
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but typically include non-ionic surfactants (Tweens, Pluronics, or

pol yet hyl ene glycol), innocuous proteins |ike serum al bum n, sorbitan
esters, owei20%o8™) | ecithin, am no acids such as gl ycipog/usbabfossigy salts,
sugars or sugar al cohols. Aerosols generally are prepared fromisotonic
solutions. Transdernal patches have the added advantage of providing
controlled delivery of a rifaximn polynorph(s) to the body. Such dosage
forms can be made by dissolving or dispersing the agent in the proper

medi um Absorption enhancers can al so be used to increase the flux of the
active ingredient across the skin. The rate of such flux can be controlled
by either p¥oigfdrasgdase of dberifatminopelymgriketen thmpresent dingplps it heximenl ve
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agents, for exfarrpl e, paraben, 37 WD 2009/108730 PéIT/,U 2009/ 035192

0 neesigd side

chi or BEPARY] of PreRypFtisy 15itot gemgnistersd. tRNIP way, u °pl8 agensiatethl e

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

therapies are administered within the same subject’s visit.
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agents, such as sugars, sodiumchloride, and the like into the
conpositions. In addition, prolonged absorption of the injectable

phar macewocady/f8r3m nay be brought about by the inclusipom/uskoragssivs whi ch
del ay absorption such as al um num nonostearate and gelatin. In sone cases,
to prolong the effect of a drug, it is desirable to alter the absorption of
the drug.. This nay be acconplished by the use of a |iquid suspension of
crystalline, salt oranorphous material having poor water solubility. The
rate of absorption of the drug nmay then depend on its rate of dissolution
which, in turn, may depend on crystal size and crystalline form
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range days, £y %5250 198y8d3 s, 2 months, 75 days, 3 mon 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 disease may be from between about 1 day to about 3 months. A treatment for hepatic
encephalopathy may be, for example, for the remainder of the subject’s life span. A treatment
for IBS may be intermittent for weeks or months at a time or for the remainder of the subject’s

life.

Article of Manufacture

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

empty stomach. Exemplary dosage forms and administration protocols are described infra. The
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WD 2009/ 108730 PCT/ US2009/ 035192 A preferred dose of the rifaximn

pol ynorph for the present invention is the maxi num that a subject can

t ol er at e wDt2zheussevel opi ng serious side effects. Preferablusomiasior faxi m n
pol ynorph of the present invention is admnistered at a concentration of
about 1 ng to about 200 ngy per kil ogram of body wei ght, about 10 - about
100 ng/ kg or about 40 ng - about 80 ngy/ kg of body wei ght. Ranges
internediate to the above-recited values are also intended to be part. In
conbi nation therapy treatnent, both the conmpounds of this invention and the
other drug agent(s) are admnistered to mammals (e.g., humans, male or
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enbodi nen
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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t herapies are admnistered within the sane subject's visit. 39 WD
2009/ 108730 PCT/ US2009/ 035192 I n certain enbodi nents, one or nore conpounds
and one owormosiostsher therapies (e.g., prophylactic or PCmarsa@ensiig2 agents)
are cyclically adm nistered. Cycling therapy involves the admnistration
of a first therapy (e.g., a first prophylactic or therapeutic agent) for a
period of tine, followed by the adm nistration of a second therapy (e.g.,
a second prophylactic or therapeutic agent) for a period of tine,
optionally, followed by the adm nistration of a third therapy (e.g.,
prophyl actic or therapeutic agent) for a period of tine and so forth, and
repeatBXMRIES sequential adninistration, i.e., the cycle in order to
reduc§d%h§mgevelopnent of resistance to one of the therapies, to avoid or
reduce the side effects of one of the therapies, and/or to inprove the
ef fi cacy ofRifdxéminhessajpiredin 4 dessiettoabtungibademperhtsre.t he adm ni stration of
t he sanme conpounds may be repeated and the adm nistrations may be
separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days, 30
days,(ﬁén%ﬁ%&aﬁﬁ1&ﬁ%ﬂﬁé1 75 days, 3 nonths, or at least 6 nonths. In other
e
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the adm ni strati e separ d at | ea day,. days, .days, 5
days. O gt RPD iyl STy -5 e °6 o o R Resit R or
at | egabufn dFRAE RS hebild MleydRAEC AEIORBIPRY dfRAUTHS: nPRGRIs LXRBIIERRPD NMES.
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may be fr.om between about 1 day to about 3 nonths. A treatnent for hepatic
encepﬁ?ﬁ%ﬁgbﬁgnﬁgy be, for exanple, for the remai nder of the subject's life
span. Atreatnent for IBS may be intermttent for weeks or nonths at a
time ik 9r the remainder of the subject's life. Article of Manufacture
Anot her enbodi ment includes articles of manufacture that conprise, for
exanpl e, aFooont & adryghoreliagrestaling mesenhiabe alThisofoyms demenstrates tlabl-e3 Bbr
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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 y 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 y-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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particul ar dosage form should be adm nistered with food and when it should
be taken on an enpty stonmach. Exenplary dosage fornms and adm nistration
pr ot ocol swaneos®ssni bed i nfra. The 40 WO 2009/ 108730 PEThuS20005085192
conposition will be contained in any suitable container capable of hol ding
and di spensing the dosage formand which will not significantly interact
with the conposition and will further be in physical relation with the
appropriate | abeling. The labeling instructions will be consistent with
the nethods of treatnent as described hereinbefore. The | abeling nay be
associated with the container by any nmeans that maintain a physical
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bondi ng or_hol di ng neans. Another aspect is an article of nmanufacture that
conpri M contai ner containi ng a pharmaceutical conposition conprising

rifaximn i tial Ren : i i M. CO i in
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conposition is fornulated for treating a subj'ect suffering fromor
susceptanbbautien. d0themwmkthods srerdtkstoscdmdraptos kkagraplewintthe Taldes whichdoldow.o treat a
subj ect suffering fromor susceptible to a bowel disorder. Kits are al so
provi ded herein, for exanple, kits for treating a bowel disorder in a

subj eqorm1fhe kits may contain, for exanple, one or nore of a Form~, Form
11, Forma-dry, Formt, Form O0-1, FormO0-2, Formr,-dry, nesylate Form or
anor phous fF@FHeN dfas eneiricdi by drydng Hetm Gcfigne 3 amderyseeuumh@r jongtdayct Tlohs
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conpr idseloded hdrafieekimplk| iy ted Talded whichdoitumt of one or nore of a pol ynorph
of rifaximn and a pharnaceutically acceptable carrier or

Form

The space group was determined to be P2,2,2; (no. 19). The packing motif of rifaximin

Form 1 is different than the layered arrangement observed in the previous two structures. The

crystal structure contained additional residual electron density, typically attributed to highly

disordered solvent, in the lattice. While the material is most likely a hydrate and/or solvate, the

amount and location of the solvent could not be determined from the crystal structure. (Figures

11— 14).

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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di luent, wherein the conposition is fornulated for treating a subject
suffering fromor susceptible to a bowel disorder, and packaged with

i nstruct iwo0e0873¢at a subject suffering from or susceptiusb@otwssiaz bowel
di sorder. 41 WO 2009/ 108730 PCT/ US2009/ 035192 EXAMPLES Materi al s

Rifaximn was stored in a dessicator at anmbient tenperature.
Characterization of Forns Sone of the hydrated, salt and anorphous forns of
rifaximn, were characterized by one or nore of XRPD, thernal analysis,
FT-IR, FT- Rarran 13C NVR. Dried materials obtained by vacuumdrying or
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well as stressing under Varlous 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 ethyl acetate with heptane, and showed 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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Formy-1 (~) is a crystalline nesophase (Figure 1). The material was
generated by slurrying Forma dry in ethanol/water (1/0.45 at 0 C and 1/1
at anbi enwvoteompesBoure) for two days (0 and 0). RecovePel/Utseé0003sSIOETr €
allowed to air dry and stored under anbient conditions 42 W 2009/108730
PCT/ US2009/ 035192 for three days. Formy-1 (~) was also fornmed by storing
Form ~ under 58 and 75% RH for three days. O her nethods are discl osed
infra, for exanple, in the Tables which follow. Form~ Form ~ was observed
by XRPD anal ysis of solids in solution (Figure 2). These solids were
removed and stressed under various RH conditions. XRPD analysis after three

days ObpOVRHDY: ofthksisoR ViSosarilen Baspddur the 3tpgarielatbey kyngidity sepssingdendiggofnd
75% R d 3+ - o r 9 h form conversi on was

i kel @?%?@?@g&l&p%%ee{aelﬁééﬁ dg?%h%ﬁéﬁlggg&smﬁl?&(% solution. O her nethods
are di scl osegor sfrésdingf xipeganglvesre idoné be ahalbplesiswhatehalf fabhawo fropdrationsFor m
ri was generated by drying Formc (Figure 3). under vacuum for one day. The
mat er il¥APhHlEzsHPH EQTLRIEINFAYE AV aikTeh | aRd e@shipigeipitytien tiomsthyd gcatate gyithoheptangy .

O her hgd e i ed;.i . in i: L€ | ow.
For m AT e0 GBS onf SEhS XkEd Avid FonEETRLE D fiffosd RS Witehel) | ©
not i f indicativeaodi enystalliEatian, ibut shawéd ewoemdaks hagnXREP. | dhermajortyr ahdgensindssed
observed jn the evi ous tvvolstruc%turgs. Thi cr%/ﬂ?tal struc ur(ﬁcon ai Ped
addi t ISHHBICS PRETAIRS EiFdciedonHiions Pty © (s cAPPSF sal¥tqns gy e Plased iy rials o

di sor dafigiv&e EM%FM difrubiBg. DAY hhE et }ﬁ*ﬂiﬁhg ckPGirEH: Sk cohdudtBBbn hinbfh¥ud
hydrate and/or solvate, the anpunt and location of the solvent could not

be detmesteriate drofr the tvve prepyrations sientietedrabov¢.Fidmerpbous] atietipls Wemsr shenesed
MVat erial ,[Arm({ﬁhos rifaximn (Figure 4) was prepared by mlling Formy or
For ms [{p-he diy milmgieX R Peliber at ure. Anmor phous rifaximn was physically

st abl e undeviodastt@USSC edfakirke anttuphciis t HiRSindiRdpR¥Med fred @ dadsBhp@tipsstion
transition tenperature onset of 199 C. TG anal ysis of anorphous rifaximn
denponskpgiaentan etidmpoptntghvith bepancoshpp@d @o 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 [ was observed for vapor diffusion

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

Table 2: Amorphous Rifaximin

Solvent Conditions Observation XRPD Result
acetone FE red glass, not birefringent amorphous, 2
halos
p-dioxane: e orange solids, not amorphous, 2
H,O1:1 Iyophilization birefringent halos
ethyl CPw/ bright orange, amorphous, 2
morphology unknown,
acetate heptane oo halos
not birefringent

Table 3: Characterization of Rifaximin, Amorphous Samples

Technique Analysis/Result
XRPD amorphous, 2 halos

45
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hygr oscopi c,

Table 4: Stressing of Rifaximin, Amorphous Materials

Solvent Conditions Observations XRPD
Result
VD w/IPE, | red, glassy solid, not
DCM 11 days birefringent amorphous
tolucne VS, RT, red, spherulites of amorphous
6 days needles, birefringent P
orange, aggregates
and morphology
unknown, not
VS, RT, o
water birefringent; dark amorphous
15 days
read, agglomerate
(very small amount),
partially birefringent
VD w/ IPE, red, oily drqplets in
MEK glassy solid, not amorphous
11 days T
birefringent

a. Sample was analyzed by both Inel and Bruker XRPD to confirm result.
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wi th a steady uptake of water (approximtely 8% wei ght gain for both
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Based on the data,

the two anorphous materials at 40

C/ 75% RH are recommended. Vapor stressing experinments were done on

anor phous material fromtwo preparations: |yophilization from p-di oxane:
water 1:1 and crash precipitation fromethyl acetate with heptane. After 6
days, Tabde S:appilling Bxperiments fon RifaximianamonpheusrMateriady oscopi cal | y

birefringent, indicative of crystallization, but showed no peaks by XRPD.

The majority of |t heogtheessied | es app%?gegq A5 cl paXRPBd 3ol utions after
6 days. Those soSemplebenrger e p aced | vials of " Cant | sdewsit |  or vapor
di ffusion. Dry afdrhiestion || Lhginesk pes nent Srighierregeondlict ed on| anor phous
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were recovered
anor phous ri f axi| @P fropEepar
et hyl acetate wit withiptane
tenperature (Figures 29— A SEC
sanpl e of x-ray anmorphous rifaximn froma vapor stress experinment with
water is pending. The presence of water in the sanple could possibly |ower
the glladde o Sharagerizationpf Rifaximin Fo¥magidry) |y naking it detectabl e by

nodul ated DSC. Crystallization of amorphous rifaximn to Form 0 was
observed\™iypis vaphr di §fdiionsn  experinents in nmetEdHl and tetrahydr
bot h [uti1¥¥Phg water as™dn antiqol vent  Tabl e Formadsy phous Ri f axi ni
Sol vent Cppdi ti ohsMe&@ai0df) XRPD Resul fdotsppingirebpd 2§ gl ass, npt

ﬁé??i{ét?xﬁﬁ‘epéﬁ”é’t“itl E;?mrﬁl? gy ukerye: | ARoPicHO s materi al s

WAL vncﬂot ﬁﬁng@l’lt NMhdu aod DSC Of X-ra
Thr T T \4/\'\}\/ LA AL = TVIOHA \vaw | y
oo FR L %Hzgr ashbﬁé%?n 't at experiment in
scrapced S1acs 1 mo: 010 yu nowi, amorp Oou . .
ShaWedo o avi gRNigE:Qle@ gl ass trapsition

30). 2 nd—TTodur at ed Cexperinent on a

furan,

bi r eftri-ngent —ampr phouEMPS Pihal of 1 di oxanelIBPIRABINAMHS  not amprphous, 2
H0 1:1 Poad L Method A (00-330:10) 1 Dy ) L 1.8% from 207°Cto 100°C ’
© T YR PRRPD =Xray powder diffraction; DSC ~hifferential sGanning calorimetry; TGA = thermogravimetric analysis.

Table 7: Characterization of Rifaximin Amorphous

Analysis ° Conditions Results
XRPD Inel amorphous
psC Method A (25-250-10) endotherm (major broad) 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 to 100 °C
0.7 % wt loss upon equilibration at 5% RH
MB ) 11.6% wt gain from 5 to 95% RH
11.3% wt loss from 95 to 5% RH
ntbk ref. 2329-50
Post-MB XRPD 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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ethyl CP w bright orange, anorphous, 2 acetate heptane norphol ogy
unknown, hal os not birefringent Table 3: Characterization of R faximn,
Anor phouswBanples730 Techni que Anal ysi s/ Result XRPD anor proudais2@9haiios 45 WO
2009/ 108730 PCT/ US2009/ 035192 cycling DSCa no T observed TG 5.39% from 25
- 200 C 0.100% weight loss at 5 RH DVS 8.364% eight gain from5 - 95% RH
10.989% wei ght | oss from95 - 5% RH XRPD no peaks, possibly anorphous

XRPD anor phous, 2 hal os DSC a broad endo 79, broad endo 204 cycling DSCa
no T observed nodulated DSC a no T observed; broad endo 74 TG 6.47% from
25 - 200 C 1.606% weight loss at 5 RH DvVSd 7.843% wei ght gain from5 -
95% RH 9. 172% wei ght loss from95 - 5% RH XRPD no peaks, possibly

anor phiable 8:XRPE-Mioistwirecdhm ptignAkesoptiopcAnalygsiOSCa no T observed TG 4. 52% from
25 - 200 C XRPD anor phous a. endo = endotherm tenperatures (C) reported
are transition maxi ma. TenpaifigdtRures| ar e FinlRaed t o [t he nearest degree. b.
weight loss (9% at a certjai n d@&nperature; oy ght changes (% are rounded to

2 deci mal pl aces; tenper at ukespane [ oundsabrshoust he
a.  XRPD results are from post moisture sorption/desorption analysis — sorption from 5% RH to 95% RH; desorption
from 95% RH to 5% RH.

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

Form f3-1
a-axis (A) 13.8586(8)
b-axis (A) 19.7475(11)
c-axis (A) 16.5935(9)
B 91.568(3)°
V (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

a dry 33% RH, 2 days o
a dry 33% RH, 7 days o

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

H20
B-1 slurry 2329-03-06a (3-1), ambient, 1 days; a+f
air dried 7 h

a dry 43% RH, 4 days oa+f
o dry 43% RH, 11 days B+ (a)
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nearest degree. c. See 3436-54 for calculations. d. See 3436-55 for
cal cul ations. Table 4: Stressing of R faximn, Anorphous Materials Sol vent
Condi ti ors0Ch®ersmdi ons XRPD Result DCM VD w | PE, reacTglisaesp3aoeti d, not
anor phous 11 days birefringent toluene VS, RT, red, spherulites of
anor phous 6 days needl es, birefringent orange, aggregates and norphol ogy
VS, RT unknown, not water 15 days birefringent; dark anorphous read,
aggl onerate (very small anount), partially birefringent VD w |PE, red,
oily droplets in MEK 11 days gl assy solid, not anorphous birefringent a.
Sanmpl e was anal yzed by both I nel and Bruker XRPD to confirmresult. 46 WO
2009/ IGersDL:POMhusae®F E3perigrentsTResudting inNFdrim fgnedJixturesof Fofwrf Ri f axi mi n,
Anor phous Mat eri al s Anor phous Conditi ons Chservati ons XRPD Sanpl e Source
Resul{t InggpRerdm zat/i on 10 m n.Coeadlitid3 Hz, bri ght| or ang®ijnaf Fopm p- di oxane:
scraped sides, 10 nor phol ogy Mnikkioivigys anor phous|  waBefeakl@d sni2m. at | 30 Hz
not Dbirefrimgent 33% RH, 4 days

-1 94% RH, 3 days
o dry 58% RH, 2 days
o dry 75% RH, 2 days
o dry 94% RH, 2 days
EtOH/H,0 (1/0.45)

¢ solids washed with H,O after filtration
odry 43% RH, 4 days o

4+ | ™ e [

Table 12: Form p-2

Initial Form Conditions Final Form
EtOH/H,0O (1/1)
a dry SC -2
Solids air dried

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

Initial Form Conditions Final Form
EtOH/H,O (1/0.5)
o dry slurry, 0 °C, 2 days; v—1(%)
air-dried and stored at ambient 3 days
EtOH/H,O (1/1)

o dry slurry, ambient, 2 days; v—1(0)
air-dried and stored at ambient 3 days
¢ 58% RH, 3 days y=1(%)

4 75% RH, 3 days v—1(£)

¢ 94% RH, 3 days B +y=1(&)

49



CP fromEtQAc 10 mn. at 30 Hz, bright orange, with heptane scraped sides,
10 nor phol ogy unknown, anorphous mn. at 30 Hz not birefringent Table 6:
Char act erwpabeoonsh Ri faxi mn Fornms dry Anal ysis a CondipCirarssooResubt s XRPD
Inel Fornms dry DSC Met hod B (25-350-10) endotherm (major broad) 93 C
crinped pan endotherm (mnor) 219 C TGA Method A (00-350-10) 1.8% from 20
Cto 100 C a. XRPD = X-ray powder diffraction; DSC = differential scanning
calorinmetry; TGA = thernogravinetric analysis. Table 7: Characterization of
Ri f axi m n Anmor phous Analysis a Conditions Results XRPD Inel anorphous DSC
Met hod A (25-250-10) endotherm (rmajor broad) 78 C crinped pan endot herm

(M norhabd)Bt:Cronag Byt MistubSOidassytransiti on not deternined MSC Tg
(glass transition) 199 C TGA Method A (00-350-10) 1.5%from21 Cto 100 C

0. 7 % witial B@sm Upon equi | | beaiditoms at 5% RH NB - 1FiGd#érgai n friom 5t 095%=H
11. 3% wt aldgss firom 95 t EGBHRHIMABKk ref. 2329-50 Post-M XRPO | nel
anor phous FT-||R 100%APlurty 285ens.2alas: conforng to structure FT- Raman 100%API ,
256 dcans conf qrng Foiried ind slpigd @ agbienyfoppy — X- ray powder diffraction; DSC =
di f f ér entid®l sg¢annin caF‘&H/%Qt(F ) 'I%EA drmogravi metric anplysis; MB =
aut orat ed i st uflémé Pt rflﬂf 33?? ﬁt"reﬁ‘ IIR = Fouri’er transfprminfrared
spectr GSC%'ﬁ‘y’; H-NVR—= "afl}'d j3 “ '(?6 (ﬁr otor—fnuchear—faghret+e—specty oscopy;
13C- ssNVR==—€af bon 13—-sol Aucl-ear—HRgheti-c—Spectroscopy.
£ open VlaT 1n%0()%l I y}"
C 43% RH, 3 day y
E1OH/H,0 (1/0.45)
a dry crash cool in ice-water; air dried 45 min. v
¢ vac dry Y+M
stability chamber
6 75% RH@40 °C, 1 day C+y
a. Non-cGMP.
Table 15: Form € and Mixtures of Form
Initial Form Conditions Final Form
¢ stored in refrigerator 3 weeks C
a dry EtOH
slurry, ambient, 3 days G
o dry E1OH/H,0 (1/0.02)
slurry, ambient, 3 days G
o dry EtOH/H,0 (1/0.1)
slurry, ambient, 3 days G
o dry E1OH/H,0 (2/0.5)
slurry, ambient, 5 hours 6
E1OH/H20 (1/0.45)
a dry control cooling: 3 °C/h, ¢
70 —20 °C
EtOH/H20 (1/0.45
a dry crash cool in i(ce-wat)er ¢
EtOH/H20 (1/0.25)
o dry a) SC; refrigerator ¢
b) seeded with g (LIMS 88434)
EtOH
a dry a) SE, 5 days; C
b) seeded with & (LIMS 88434)
stability chamber
6 75% RH@40 °C, 1 day C+y
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47 WD 2009/ 108730 PCT/ US2009/ 035192 Tabl e 8: Post-Misture

Sorption/ Desorption Analysis Initial FormFinal Form a dry a dry

Anor phouswerregpiosss a. XRPD results are from post noi st BCE/US2009/035192
sorption/desorption analysis - sorption from5%RH to 95% RH, desorption
from95% RH to 5% RH. Table 9: Single Crystal and Conputational Data for
Rifaximn Form0-1 Form-1 a-axis (A) 13.8586(8) b-axis (A) 19.7475(11)
c-axis (A) 16.5935(9) R 91.568(3) V (A 4539.5(4) Density ( cm 1.272
Cell nonoclinic Water (noles) 3 Ethanol (noles) 1.6 Tenperature 173

Tabl e 10: Forma and M xtures of Forma Initial Form Conditions Final Form
adry BdRHI@dEgwmag dry dry 33% RH, 7 days a 3-2 under N2 at nosphere, 20% RH,
3 days a H20O 3-1 slurry 2329-03-06a ((3-1), anbient, 1 days; a + (3

ai r dr|i gkiaV horadrly 43%RH, 4dagmdiions Final Form
g vac oven 60-65 °C, 3 days g dry
S P,0s, 3 days s dry

Table 17: Form n and Mixtures of Form n

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

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

4 (5 minute intervals x2) amorphous
ground at 30 Hz, 30 min

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

vtn (15 minute intervalsx3) amorphous
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adry 43 %RH 11 days R+ (a) 48 WO 2009/108730 PCT/ US2009/ 035192 Tabl e
11: Sunmary of Experinents Resulting in Form (3 and M xtures of Form (3
Initial PAworn@oneisvi ons Final Form 3-1 58% RH, 3 days Repamkoog3fag2z2 0
3-1 33%H, 4days -1 94% RH, 3 days a dry 58% RH, 2 days a dry 75% RH, 2
days a dry 94%H, 2days (3 EtOH/ H20 (1/0.45) solids washed with H2O after
filtration R adry 43% RH, 4 days a + (3 Table 12: FormO0-2 Initial Form
Conditions Final Form EtOH/ H20 (1/1) a dry Sc (3-2 Solids air dried Table
13: Form 7-1(c) and M xtures of Form 7-1(c) Initial Form Conditions Final
Form EtOH/ H20 (1/0.5) a dry slurry, 0 C 2 days; y-1G air-dried and

st or ed'able %Cémta@lmvsf@m@ﬁml@ﬂi@H@VdWMiX@FlTe? ambi ent, 2 days;
y-1G air-dried and stored at anbient 3 days 58% RH, 3 days -1

75%RH, Bday Solvénts Conditions * Observations " XRPD Form
EtOH slurry, ambient, 3 days orange; fragments; B&E
a) SE, 5 days;
o ’ ; le; B&E
b) seeded with ¢ (LIMS 88434) orange; needle; B& 6
EtOH/H,O . . . .
1/0.02 mL slurry, ambient, 3 days orange; irregular; fragments; B&E C
EtOH/H,O . . .
1/0.1 mL slurry, ambient, 3 days orange; fragments; B&E C
EtOH/H,O a) SC; refrigerator . .
1/0.25 mL b) seeded with & (LIMS 88434) orange; needle; B&E 6
EtOH/H,O .
2/0.5 mL slurry, ambient, 5 hours - d
EtOH/H,O control cooling: 3 °C/h, in solution
1/0.45 mL 70 —20 °C 6
control cooling: 3 °C/h, 70 — 20 i K
°C; ambient for 3 days B-
crash cool in ice-water in solution ¢
slurry, 0 °C, 2 days;
EtOH/H,O L j ’ i . . .
1/0.5 mL air-dried and stored at ambient 3 | light orange; small needle; B&E y—1(€)
days
EtOH/H,O c
1/1 mL SC ] B-1
- orange; blade; B&E -2
slurry 2230-93-02 (3 br), ) B1°
ambient, 2 days
post single crystal sample 2230- i L
93-02 (8 br), in solution B~
slurry, ambient, 2 days;
air-dried and stored at ambient 3 orange; small needles; B&E v—1(0)
days
EtOH/H,O c
2/3mL SC ] B-1
slurry 2329-03-06a (3-1),
H,O ambient, 1 days; light orange; fragments; B&E o+B
air dried 7 h

a. LIMS 88046 used as starting material, otherwise indicated. SE = slow evaporation; SC = slow cooling.
b. B&E =birefringence and extinction.
c.  Samples were determined in solution in a capillary.
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94% RH, 3 days (3 +y-I(~) 49 WO 2009/108730 PCT/ US2009/ 035192 Tabl e 14:
Formy and M xtures of Formy Initial Form Conditions Final Form a dry

Et OH/ H20 W0/20092%6%738 urry anbient, 2 days; y air-dried aow/ustawossial
anbient 3 day a dry EtOH/ H20 (1/0.5) slurry, anmbient, 2 days; air-dried and
stored at y anbient 3 days air dry 2329-06-02a y open vial in hood 43%
RH, 3 day EtO4/ H20 (1/0.45) dry a crash cool in ice-water; air dried 45
mn. y vac dry 7+11 stability chanber 75% RH@0 C, 1 day + y a. Non-cQGW,.
Tabl e 15: Formand M xtures of Formlnitial Form Conditions Final Form
stored in refrigerator 3 weeks a dry EtOH slurry, anbient, 3 days a dry
EtOH/ H20 (1/0.02) slurry, anbient, 3 days a dry EtOH/ H20 (1/0.1)

Table 20: Rifaximin Drying Experiments

Starting
Material Conditions Observations a XRPD Form
LIMS No.
vac oven 50 °C, 1 day - o dry
o dry vac oven 50 °C, 1 day i &r
vac oven 60 °C, 1 day' o dry
a dry vac oven 60-65 °C, 3 days orange; fragments; B&E o dry
0,
B2 under N, atmozz?:re, 20% RH, 3 orange; fragments; B&E “
vac oven, 40 °C, 1 day orange; fragment; B&E o dry
€ vac oven 60-65 °C, 3 days orange; fragments; B&E s dry
¢ stored in refrigerator 3 weeks - C
4 open vial in hood orange; small fragments; B&E v
4 vac oven, ambient, 1 day orange; irregular; B&E n
¢ vac oven, 45 °C, 2 days orange; fragments; B&E M
air dry 2329-06-02a dark orange; irregular; B&E ¥
5 vac dry 2329-06-02a dark orange; irregular: B&E Y+1
n vac oven, 40 °C, 1 day orange; fragment; B&E n

a. B&E = birefringence and extinction.

Table 21: Grinding

Starting
Material Conditions Observations * XRPD Form
LIMS No.
. orange; fragments;
grouqd at 3.0 Hz, 10 mn no B&E except of amorphous
(5 minute intervals x2) .
. a few particles
ground at 30 Hz, 30 min orange; fragments;
. . no B&E except of amorphous
(15 minute intervalsx2) .
a few particles
ground at 30 Hz, 45 min | orange; fragments; amornhous
(Al (15 minute intervalsx3) no B&E P

a. B =birefringence; E = extinction
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slurry, anbient,

Et OH/ H20 ( 1/ 0. 45)
(1/0. 45) worgoszo8r3ash cool in
refrigerator b) seeded with s
seeded with s (LI M5 88434)

3 days

a dry control

a dry EtOH H20 (2/0.5) slurry,
20 C Et OH H20

Et OH/ H20 ( 1/ 0. 2BrT/U2@wp3ay2 SC,
EtOH a dry a) SE, 5 days;
stability chanber 75% RH@0 C, 1 day + y 50 WO
2009/ 108730 PCT/ US2009/ 035192 Table 16: Forns dry Initi al

cooling: 3 Ch, 70 -
i ce-wat er
(LI M5 88434)

anbient, 5 hours

b)

Form Condi ti ons

Final Form E vac oven 60-65 C, 3 days s dry b P205, 3 days s dry Table
17: Formq and M xtures of Formq Initial Form Conditions Final Form vac
oven, 40 C, 1 day 11 vac oven, anbient, 1 day 11 vac dry 7+11 vac oven,
45 C, TablpdZ StressmgplUndagyadpusiRelative Haumidities
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 8
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,0:s, 4 days dark orange; irregular particles; B&E o dry
p-1 33% RH, 4 days orange; large fragments; B&E §
p-1 75% RH, 3 days orange; fragments; B&E B
5 P,0:s, 3 days dark orange; small irregular particles; B&E ¢ dry
d 43% RH, 3 days Orange; small particle; B&E v
58% RH, 3 days Orange; small particle; B&E v—1(€)
75% RH, 3 days Orange; small particle; B&E v—1(€)
94% RH, 3 days light orange; small particle; B&E B +y—1(0)
C stability chamber . .

75% RH@A0 °C, 1 day orange; needle; B&E C+y
amorphous 43% RH, 5 days orange; small irregular particles; no B&E amorphous
amorphous . . e

58% RH, 5 days orange; small irregular particles; mostly no amorphous
B&E
75% RH, 5 days orange; small n‘reg%l;r Epamcles; mostly no amorphous

a.  All samples stored at room temperature unless otherwise indicated; RH = relative humidity

b. B =birefringence; E = extinction

Materials

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

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

Slow Evaporation (SE)

Solvent was added to weighed amounts of rifaximin in vials. Mixtures were sonicated to

achieve complete dissolution of solids.

Solvents were slowly evaporated at ambient conditions.
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The solutions were then filtered into clean vials.



Initial Form Conditions Final Form Anorphous Post MB anorphous Anorphous
43% RH, 5 days anorphous Anorphous 58% RH, 5 days anorphous Anor phous 75%
RH, 5 daywoanmsrpbmos ground at 30 Hz, 10 min 7 (5 m nuPeTiusk@w»aiig2 x2)

anor phous ground at 30 Hz, 30 min Y (15 mnute interval sx2) anorphous
ground at 30 Hz, 45 min 7+11 (15 mnute interval sx3) anorphous 51 WO

2009/ 108730 PCT/ US2009/ 035192 Table 19: Crystallization from Et OH and

Et OH Water M xtures Solvents Conditions a Observati ons XRPD Form Et OH
slurry, ambient, 3 days orange; fragnents; B&E a) SE, 5 days; b) seeded
with s (LIM 88434) orange; needle; B&E EtOH/ H20 slurry, anbient, 3 days
orangéﬁaﬂk¢@§&C§D fragments; B&E 1/0 02 nL EtOH/ H20 siurry, ambient,

noval o ar 4T Mt Dol B TR hehaind BB RY. féra“ge

sl ur r ylodmRit@Ninto 2 S8 Fiakt GreHeal @@ﬁtﬁﬁlgg ﬂféoidlﬁtibn Faflthon tdpidiPldebic@nby
1/0.45 nmL 70 - 20 C control coolin
submersion in an ice bath for several seconds Solids that prec1p1tate 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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C, anmbient for 3 days R 1 crash cool in ice-water in solution EtOH H20
slurry, 0 C 2 days; 1/0.5 nL air-dried and stored at anbient 3 |ight

or ange; sweal2bowmeesbe; B&E y-1G days EtOH/ H20 Sc R-1 PErAsSa09A3pANgE;

bl ade

; B&E 13-2 slurry 2230-93-02 ((3 br), anbient, 2 days R-1 post

single crystal sanple 2230- C 93-02 ((3 br), in solution RR1 slurry,
nt, 2 days; air-dried and stored at anbient 3 orange; small needl es;
B&E y-1(~) days EtOH/ H20 Sc R-1 2/ 3 mL slurry 2329-03-06a ((3-1), H20
nt, 1 days; light orange; fragnents; B&E g, + 3 airdried 7h a. LIMS

anbi e

anbi e
88046
evapo

used as starting material, otherw se indicated. SE = sl ow
dagtiuseentab@eehmiqupt cool ing. b. B&E = birefringence and extinction.

S S GBS (oL Lon | 3 captT1ary | 52 v0 20091103730

MVat er

iShim&gradi ti ons Qbservations a XRPD Form LIMS No.

X-ray powder diffraction (XRPD) analyses were performed using a Shimadzu XRD-6000
X-ray powder diffractometer using Cu Ka radiation. The instrument is equipped with a long
fine focus X-ray tube. The tube voltage and amperage were set to 40 kV and 40 maA,
respectively. The divergence and scattering slits were set at 1° and the receiving slit was set at
0.15 mm. Diffracted radiation was detected by a Nal scintillation detector. A §-20 continuous
scan at 3 °/min (0.4 sec/0.02° step) from 2.5 to 40 °26 was used. A silicon standard was
analyzed to check the instrument alignment. Data were collected and analyzed using XRD-

6100/7000 v. 5.0. Samples were prepared for analysis by placing them in a sample holder.

Inel

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-Ka radiation starting at approximately 4 °20 at a
resolution of 0.03 °20. The tube voltage and amperage were set to 40 kV and 30 maA,
respectively. The monochromator slit was set at 5 mm by 160 pm. The pattern is displayed from
2.5-40 °20. Samples were prepared for analysis by packing them into thin-walled glass
capillaries. Each capillary was mounted onto a goniometer head that is motorized to permit
spinning of the capillary during data acquisition. The samples were analyzed for 300 sec.

Instrument calibration was performed using a silicon reference standard.

Variable Temperature XRPD (VT-XRPD)

Variable-temperature XRPD (VT-XRPD) was performed on a Shimadzu XRD-6000 X-
ray powder diffractometer equipped with an Anton Paar HTK 1200 high temperature stage. The
sample was packed in a ceramic holder and analyzed from 2.5 to 40 °26 at 3 °/min (0.4 sec/0.02°

step). The heating rate was 10 °C/min. A silicon standard was analyzed to check the instrument
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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 a dry vac oven 60-65 C, 3 days orange; fragnents; B&E a dry
under N2 woOrospiogrse, 20% RH, 3 R-2 orange; fragnents; BRETaS2a@pssivac oven,
40 C, 1 day orange; fragnent; B&E a dry vac oven 60-65 C, 3 days orange;
fragnents; B&E s dry stored in refrigerator 3 weeks open vial in hood
orange; small fragnents; B&E vac oven, anbient, 1 day orange; irregular;
B&E 11 vac oven, 45 C, 2 days orange; fragnments; B&E 11 air dry
2329- 06- 02a dark orange; irregular; B&E vac dry 2329-06-02a dark orange;
irregul ar: B&E 7+11 vac oven, 40 C, 1 day orange; fragnent; B&E 11 a. B&E
= bi r etigimgetncEcrapriatase ¢atibration. wasapsr@rmed ugng nghin asi gulfapygidmgt séardards.

Condi td r ' ) . orange; fragnments; at 30 Hz,
10 nn#%ggﬁgﬁﬁgﬁe%gﬁ%@ﬁ%?ggéﬁgnggﬁg3éb§&§b' &E except of anorphous a few
particles 7 orange; fragnments; ground at 30 Hz, 30 mn (15 mnute
I nterval sx2) no. B&E except of anorphous

Variable'Relative Humidity XRPD (VRH-XRPD)

VRH-XRPD was performed on a Shimadzu XRD-6000 X-ray powder diffractometer
equipped with a relative humidity generator, RH-200. This analysis is non-cGMP. The sample
was packed in a ceramic holder and analyzed from 2.5-40 °20 at 3 °/min (0.4 sec/0.02° step) at
approximately 32 °C. The RH profile for the chamber is specified in the tables. XRPD patterns
were collected during this time frame every 15 minutes for two hours. A data logger (SN#
05012010) was used to measure the relative humidity in the chamber (see DATA section pages
57-60). A silicon standard was analyzed to check the XRPD instrument alignment. XRPD Data

were collected and analyzed using XRD-6100/7000 v.5.0.

Reference XRPD Patterns
Reference XRPD patterns were obtained from US or European Patents or Patent

Applications and converted to electronic files using UN-SCAN-IT version 6.0 (non-cGMP).

Optical Microscopy
Optical microscopy was performed using a Leica MZ12.5 stereomicroscope. Various objectives
typically ranging from 0.8-4x were used with crossed-polarized light to view samples. Samples

were viewed 1in situ.

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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a few particles ground at 30 Hz, 45 mi n orange; fragnents; 7+11 (15 mnute
i nterval sx3) no B&E anorphous a. B = birefringence; E = extinction 53 WD
2009/ 108'A80 2@TRIBA009/ 035192 Tabl e 22: Stressi ng UndepcCyarse@u®3iiet ati ve
Hum dities Initial Form Conditions' Cbservations XRPD Form a P205, 4 days
dark orange; irregular particles; B& a dry a dry 58% RH, 2 days |ight
orange; small irregular particle; B&E 75% RH, 2 days |light orange; small
irregular particle; B& 94% RH, 2 days |ight orange; small irregular
particle; B& P205, 4 days dark orange; irregular particles; B& a dry R 1
33% RH, 4 days orange; l|large fragnments; B&E R-1 75% RH, 3 days orange;

f ragmepie ol 1881C/Rin, PPOS, a §neladympaarie of dhger 38Ad0. Indregymessl wrsrused lagshe B&E

s dry A43%.RH, 3. d Orapge; snmall particle;. B&E 58% RH, 3 days Orange;
aral | cplition andsidiCepoh SLRmeP oot b drnGur oL i har i o o BeE -1 64%
RH, 3 days Me@bl s, 16 watihl eﬁ%ﬂibhﬁtlo‘ﬁ;at B&EC H¥calSd to 258RCIat 1 cCch@rber 75%
RH@0 C, 1 day orange; needl e; +y am)rE)hous 43% RH, 5 days orange;

smal | i rreddetdod k20 D0ek): imidalgemlibrdiophods “Cdirstodio ds0 5894 HH Cmidays
orange; small irregular particles; nostly no anorphous 75% RH, 5 days
orange; small irregular particles; nostly no anorphous a. Al sanples

st or edyatic DofftvchiedSehdiing Calofihesy ot herw se indicated; RH = relative

hum dity b. B = hirefringence; E = extinction Materials . ) )
Cyclic DSC was performed using a TA Instruments 2920 differential scanning

calorimeter. The sample was placed into a hermetically sealed DSC pan, and the weight
accurately recorded. The pan was covered with a lid containing a laser pinhole. The method

was as follows:

1. Equilibrate at -50 °C

Ramp 20 °C/min to 80 °C
Isothermal at 80 °C for 1 min
Equilibrate at -50 °C

Ramp 20 °C/min to 220 °C

bl e

Indium metal was used as the calibration standard. Reported temperature is at the transition

maxima.

Modulated Differential Scanning Calorimetry (MDSC)

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

the half-height/inflection of the step change in the reversible heat flow versus temperature curve.
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Sanpl es were stored in a dessicator. Solvents and ot her reagents used were
purchased from comercial suppliers and used as received. Solvents were

ei t her HRKG 2009/W€Bogr ade. Sl ow Evaporation (SE) Sol ventcras2@daasior o

wei ghed amounts of rifaximn in vials. Mxtures were sonicated to achieve
conpl ete dissolution of solids. The solutions were then filtered into cl ean
vials. Solvents were slowy evaporated at anbient conditions. 54 WD

2009/ 108730 PCT/ US2009/ 035192 Crash Cool (CC) A sanple of rifaximn in

et hanol /water 1/0.45 was prepared and passed through 0.2-m nylon filter
into a clean vial. The vial containing the solution was then rapidly cool ed
by sdbwenedravimcHicad GQ)cknabeeh for several seconds. Solids that precipitate

were colle | at i ried. ner | t o] ts

vore added a8, afe ok F nett il BRECA CB) BudBRbRaeNL <

pr esenherindgB@imétiio nfalyAdie Endhx§dmipes was rpdactam as lalirmhingch @mpie phaked ildkoek or

rotating wheel at subanbient or_roomtenperature. Stressi ng Under Vari ous
¥

Rel at i@ thehditees Trgfurmaceives frghpanilibragd #f 35506 Af HasresdipacHy d@ny pabigat ed

Wi thi QeBod 8 & mq{eakagma&ombgé@asa €S ﬂw@'&igﬁg{f@e a ffal SRl g spl t

solution in water. The jar was-seal ed and store e I ent

t enperat Wiekdrand A lamciBY everatiscdlae viad edibiaivpastatumde. Nbihad CoolspdcHiy sdoatley at ed
solutions of rifaximn were prepared by slurrying excess solids in the test
sol vertte iferendd 8¢ sgmmanrdbelQ¥ e. The saturated solution was filtered while

warminto a clean vial. The sanple was allowed to cool to room

henf Led 0,50 anh )
tormer at ur au, g  hengfurt e ;noqgﬁaﬁgqu%,&r 0 L S SARELA! O, il

refrigerator, ; X

. S % er i? . .
e chorset gt R T o SRR S

15 C/min

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

Spectroscopy
Fourier transform infrared (FT-IR)

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

using polystyrene.

Fourier transform Raman (FT-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 indium gallium arsenide (InGaAs) detector.

Approximately 0.6-2.0 W of Nd:YVOy laser power was used to irradiate the sample. The
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m nutes) at 30 Hz using a Retsch MMOO m xer mll. Solids were scraped from
the sides of the vial after each interval. 55 WO 2009/108730

PCT/ US2008008&1@27301 nst rurent al Techni ques X-ray Powder pDirfuse@otszan2 ( XRPD)
Shi madzu X-ray powder diffraction (XRPD) anal yses were perfornmed using a

Shi madzu XRD- 6000 X-ray powder diffractoneter using Cu Ka radiation. The
instrunment is equipped with a long fine focus X-ray tube. The tube vol tage
and anperage were set to 40 kV and 40 mA, respectively. The divergence and
scattering slits were set at 1 and the receiving slit was set at 0.15 nm
Diffracted radiati on was detected by a Nal scintillation detector. A 0-20
cont i rfi@ma@s veEQ prepered ﬁorﬁamalms hy plasiy, e matedl inraoghss, t§be endipositoniag thsed.

A sili t t [ ru L ta
nere (OS] BAMERA T DR B S SeB"E ool O B ST p ™

pr eparcerlecftar framad 360 &' pt achegral kaolution af el aisigl Hep-Gemel a%cﬁ@djﬁopowder
diffraction (XRPD) analyses were performed using an I nel XRG 30

di ffra¥e cadibintiopediswictiarmaedopany wliuy aed psdahexie: Sensi ti ve) detector
with a 20 range of 120. Real tine data were collected using Cu-Ka

radi ation starting at approximately 4 20 at a resolution of 0.03 20. The

t ube VAoltdaged Middstaroptorpigen/Besoeptset to 40 kV and 30 mA, respectively. The
nonochromator. slit was at mm b m , The t [ i spl ed from
05040, 20, i SoBruaeaRianctity orerasanodis dBy BALTGE oRe KRy §Hton

thi n- viglalwdr K@pon ﬁﬁ‘dp'dleéé?ﬁ(ﬁﬁ datraGBreCaMckto@ V@S IBYBY &Y, QBLIZIR relative

goni oneteér head that Is orized to permt spinning of the capillary

dur i ndwudadity dldu atle%th 1ffﬂ¢ezai§ampieee nMgpgenapRy.z Sdmptns V890 needried prist faurrent

calibratiaon usi a sili.con r fer nc dard, Variab
TonperBUuns: SRR RBo Gl Tl Bl S S dors GEREBTDOR Resety Gl n S

per f omimgte®Nvith aShiaﬁﬁﬁLzm emﬁﬁaﬂ tizfre df@Yhd%@s/\H%e Wtilcht @ﬁ&mﬁ%@g n&GhétPPREL W t h
an Anton Paar HTK 1200 high tenperature stage. The sanple was packed in a

cer amveerpapdenregied fanticyinididl mosgwire cantept ofithe gargples N@Ch adPY Pswere gisgrbas

calibration standards.

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

first full spectrum of each sample in the data section.

XRPD Data for Rifaximin Forms

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

20 °2 6 were not included in the peak position tables.
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step). The heating rate was 10 ¢ mn. A silicon standard was anal yzed to
check the instrunment 56 WO 2009/108730 PCT/ US2009/ 035192 alignnent.
Tenper at Wwe 20@Viokr3at i on was perfornmed using vanillin anegcsaisteypsiid: ne
standards. Data were collected and anal yzed usi ng XRD- 6000 v. 4. 1.
Variable Relative Hum dity XRPD (VRH XRPD) VRH XRPD was perforned on a
Shi madzu XRD- 6000 X-ray powder diffractoneter equipped with a relative
hum dity generator, RH 200. This analysis is non-cGW. The sanple was
packed in a ceram c hol der and analyzed from2.5-40 20 at 3 /mn (0.4
sec/0.02 step) at approximately 32 C. The RH profile for the chanber is
specified in the tables. XRPD patterns were collected during this tine

{1 ae £vel Hioh S ThAN 65 P KB HRNES,n A data ogger (SN 05012010) vas

used to measure the relative hum y 1n the chanber (see DATA section
pages Rifakirbid)Forh (S(zkfagon st andard was anal yzed to check the XRPD instrunent
alignnment. XRPD Data were collected and anal yzed, usi ng XRD- 6100/ 7000
v.5.0. Ref &iEnEainXgbhomgy twas shirmed 8y ghebanmprstamnpdnisd 2oe b8k af Aehicpt om

US or . t | ] oni c
Fi1 oo P ARGAOERATD iy SHOER SorfPR KT BT B ARAKGE hEEnt QaBnSEiieT.
m cr ostogalyinvhs rqfiegdratoméd lessitheg aucldaiy paoMolidalysstbgr>XXRPD c¥al&is oyxee dAfap poois

obj ecti ve typically rangin rom 0. 8-4x were used with crossed-pol arized
li ght Gn‘i?fé%%géa[r%@la’é .YSI%ZEW%) were viewed in situ. Thermal Anal yses
Differential Scanning Calorinetry (DSC) Differential scanning calorinetry

(DSC) was performed using a TA Instrunents differential scanning
cal or iRtxeninZg20.n Ft® sanpl e was pl aced into an al umi num DSC pan, and the

wei ght accurately r.ecor.ded...The. pan was cqver ith a.lid and.then_.crinped

or ottt mokeriSTRE YESHERITER ™ R URT Mol ot b RRSiAME Berh,

under sampictwRoBTRtdAdeey&uu@ at ambi¥at 2GR HAR7RBO apfledkidddd) 9hO bl Fdlids were
stored in a dessicator prior to analysis by XRPD. (Figure 9)

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

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

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

X-ray Powder Diffraction (XRPD)

Inel XRG-3000 Diffractometer

X-ray powder diffraction (XRPD) analyses were performed using an Inel XRG-3000
diffractometer equipped with a CPS (Curved Position Sensitive) detector with a 20 range of
120°. Real time data were collected using Cu-K o radiation. The tube voltage and amperage were
set to 40 kV and 30 mA, respectively. The monochromator slit was set at 1-5 mm by 160 um.
The patterns are displayed from 2.5-40 °2 6. Samples were prepared for analysis by packing
them into thin-walled glass capillaries. Each capillary was mounted onto a goniometer head that
is motorized to permit spinning of the capillary during data acquisition. The samples were
analyzed for 300 seconds. Instrument calibration was performed using a silicon reference

standard.
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rate of 10 Cmn, up to a final tenperature of 250 or 350 C. |ndium netal
was used as the <calibration standard. Reported tenperatures are at the
transi ti omormod/msz30 Met hod A: 25-250-10: initial equili bratriuspoon3nns C,
heated to 250 C at 10 & mn Method B: 25-350-10: initial equilibration at
25 C, heated to 350 Cat 10 CUmn Cyclic Differential Scanning Calorinetry
Cyclic DSC was performed using a TA Instrunments 2920 differential scanning
calorinmeter. The sanple was placed into a hernetically seal ed DSC pan, and
the weight accurately recorded. The pan was covered with a Iid containing
a |l aser pinhole. The method was as follows: 1. Equilibrate at -50 C 2.
Ranmp 20 U mn to 80 C 3. Isothermal at 80 Cfor 1 mn 4. Equilibrate at
-50 Ch, : 1 M I ndi um nmetal was used as the calibration
st andﬁ&ﬁ%g%é%&ggﬁg%{g?%ﬁg%% s at the transition naxi ma. Mdul at ed

Di f f er ent i danptBniicrg aGal anilysidr yisipyDS@ ANbGtiLAt &Podi fPrer dffticddm&eanmhag
calorinetry (MDSC) data were obtained on a TA Instrunents differential

scanniSREFIBER Bfap FBtiEFeomE By drppEn NodHced Usierary@par dneclor-fogs suseemn
(RCS) -euﬂj?ﬁamﬁg%h@d ﬁﬁﬁil%&%@rok a8 w8l B! BENmdISe olf)%%y@ hb QSudfé'gm !tttﬂﬁﬁ%h

accurately recorded. e pan was covered wth a | perforate
| aser ti gpawireert endlonwtifeodetpatess siheespreineaseas andiwithednbdterere Bimnaldny thsdal ed.

MDSC data were obtained using a nodu]ation anplitude of .+/- 0.8 C _and a 60
oo e Al 26 T ATsat Fohrrey s el i Sisplod Sge ot stafitis A b3gE- &

The  LEFPEIRE HeBuRNBlirkd & i Abed AP AfhMM zdVBHcEL S REIRN @ LRRerHRUNG, hipdLatB gt al
and sapphire as the calibration standards, reSpectively. The reporte

gl ass Sotlanslitsi werct enepefoatthe escident apdt diffnenticd beams tdeninahize esiag Hdivérgércect i on

of the,.step change in the,.reversible heat flow.versus t eratuyne curve.

56 Vo Ib0S 968740 e tdbiberEaR 8, Aol PR Tt FRFR (4 Glloh
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 (") Fie®
4.7 {doublst) B
H3 |
T3 25
T8 {doublen 140
8.2 iD
8 20
E 2
0.2 tiviplety f
L3 4
112 {doublet g
P12 {doubled ¥
124 19 , 3
1206 (quitdeth 5
12.8 (douldet} . T
132 {doubien 5

Al B =velaives ey
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Thernogravinetric (TG anal yses were perforned using a TA Instrunents 2950
t hernogravi netric anal yzer. Each sanple was placed in an al um num sanpl e
pan and iweente@s73ont o the TG furnace. The furnace was PrratlS2@q083ivbr at ed
at 25 C or started directly fromanbient tenperature, then heated under
nitrogen at a rate of 10 Cmn, up to a final tenperature of 350 C. N ckel
and Al unel TM were used as the calibration standards. Methods for specific
sanples are referred to as summari zed bel ow Met hod A: 00-350-10: no
initial equilibration; analysis started directly from anbient, sanple
heated to 350 C at 10 C m n Method B: 25-350-10: initial eqwllbratlon at
25 C, Tobhple KEMD:BealPodtios efiRifadmin Fprmiet hod C: 00-300-10: no initial
equi lipration 1¢S2 arted directly fifpm anbi egnt, sanple heated to
300 C at—16 C/%?ﬁwogébugibupy Fouriet tlféﬁbf or-m-i nfrar ed (FT-1IR) The IR
spect r a-were_acquirsd-on-a-Migna-IlR 860(r)"Fourier transforminfrared

(FT-1 spect r ophof.énet er (Ther Ni col et?f equipped with an Ever-Qd o
md/faf IR source, ap extended range potassi um brom de (KBr) beansplitter,
and a deuterated tr+glycine sulfate (DTGS)«N\ detector. An attenuated total
refl ec ance (ATR aggessory (the nunaeraué{dsllv; Therno  Spectra-Tech), with
a ger mpRi-um-{Ge)—erystal—was—usedifor—data—aequi-sitj on. The spectra
represent 256 co- adgibd scans coll ected at ‘& spectral resolution of 4 cm. A
backgrpund data setiFwas acquired|{with a ckean Ge cfrystal. A Log 1/R (R =
refl ectance) dfjectirunnrwas. acquired by taking a ratio of these two data
sets agai nst each other. Wavel ength calibration was perfornmed using

pol ystBabbn25: KKPD Blange eﬁAﬁmrph(Resrimio 0 FRifRsimein )F ofF i Ramag A mpigdtoua wer e

acqui red on a R, actc » interfaced to a Magna 860(r) Fourier
t ransflo : ' -fspectrophotoneter (Therno Nicolet). This nodul e
uses |an ‘exa ﬁ‘a‘t mmmav@a @cﬁgtﬂkﬂ@f‘ 1064 nm and an indi um gal | i um ar seni de

(I nGaAs) detigetidkimadPRlixkamiiglhy 0.6-2.0 Wof Nd: YVO4 | aser power was used

to irrn ace the sanpll -
| LA 7 V8 (Ainedpidng hald rang

ﬁ.:x}

158 {approxunate halo maximumy

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

A tf::;p ¢ Method Observation Result
filtrate initially
contained small
filtrate from quantity of "fluffy"
Mesylate 3302-37-01 left at mater.ial in crystalline
ambient for suspension after ’
~ 1 hour one hour small
solids adhered to
flask sides
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WO 2009/ 108730 PCT/ US2009/ 035192 sanples were prepared for anal ysis by

pl acing the material in a glass tube and positioning the tube in a

gol d- coatwa 20asb@s130l der in the accessory A total of 256Ppor/Uke@¥/03aapl e
scans were collected from98-3600 cmi at a spectral resolution of 4 cmi,
usi ng Happ- Genzel apodization. Wavel ength calibration was perfornmed using
sul fur and cycl ohexane. Autonated Mi sture Sorption/Desorption Misture
sorption/desorption data were collected on a VIl SGA-100 Vapor Sorption
Anal yzer. Sorption and desorption data were coll ected over a range of 5%to
95%relative humdity (RH) at 10% RH interval s under a nitrogen purge.
Sanpl dable?2E Kexmdried prior to analysis. Equilibriumecriteria used for
anal y dNethodsrad Magsg theahortn @f®ifaxmeinght change in 5 nminutes, with a nmaxi num
equilibration time of 3 hours if the weight criterion was not met. Data
were not corrected Disbgggmgontent<xﬁPnrmesanples. NaC
and PVP were used andards. Solid Besdtt 13C Nucl ear
Magneti c Resonance| (NVR) Sanpl es wer|e rqgroepaes efief.of sol i d-gtate NWVR
spectroscopy by patking themirico 4 [mm SIBENGE 0 t ype zirconia rotors. The
speci fic acquisitipn par ters are |l i st®yUbK>-the|pl ot of [the first ful
spectrum of each san%@@mgﬂe he—datatsecl e ooy

f %rolvgnqe I&JOItldit?blns d
as  calibration St

LILA Y2 A\ | r dJOLé'nulld 7 Ii i AT U LA Ri faXi m n FOrrrB
H gh resol uti on XRPD data were Ilecfecgﬁkij%%&ininlforns ~and 11 to
identify peak pos|tions as| well as |aidy]tlpdexing the patterns. Form ~

was successful |y i nmdexed—usrng thrs data. e to ttie disorder inherent in
Form | D pattern were unsuccessful. The XRPD
peak ﬁ%@?hggﬁRéiygﬁﬁgﬁ%%Eg%gﬁgﬁags generated using the results of the

i ndexed patmtherlcBntent$BPRII P&RtentdsSpaterit®pehdih@phtdhtapplitatiohd add Publishéy pasms,phous
were generated using PatternMatch, an SSCI software package. The

di f f r ZéedYreughoneihss awphipudioadre kerehecpsssWdpeorpuaed dyaefcppask 1ist 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. 60 WO

2009/ KgUBAAPENTES2009/ 035192 Preparati on Met hods For Sel ect Rifaximn
For s

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

herein. Such equivalents are intended to be encompassed by the following claims.
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Rifaximn Form~ (zeta) Rifaximn (404.5ng) was slurried in an

et hanol /water m xture (2nL/0.5nL) at anbient tenperature for approxi mately
5 hours. golzv@nisisas renoved by decantation and the danpcsalscaw/o3mppred in
the refrigerator for | ess than one day prior to analysis by XRPD. Solids
were danp prior to and after XRPD analysis. (Figure 8) R faximn Form 11
(eta) After a portion of the rifaximn was renoved for XRPD anal ysis the
remai nder of the sanple was dried under vacuum at anbient tenperature for
approximately one day. Solids were stored in a dessicator prior to

anal ysis by XRPD. (Figure 9) R faximn X-ray Anorphous Rifaximn (50 nyg,
Formy + q) was ground for three 15 mnute cycles in a grinding jar at 30
Hz (tVW8hatlis dBinmddniet es). Solids were scraped fromsides of the jar after
each cycle. Orange fragnents were recovered and stored refrigerated, in a
dessicator prior to analysis. (Figure 10). X-ray Powder Diffraction (XRPD)

I nel  XRG 30QQnkdrphicakdrret Bormk tlax(%)p%ﬁﬁrn,orrcfrfﬂ acdrly ORolXRPEY ra MadsyR&Somer e
performed using an | nel XRG 3000 I ffractoneter equippe& with a CPS

( Cur v athoplsius fymsSdriditiniie) det ector with a 20 range of 120. Real tine
data were collected using Cu-K a radiation. The tube voltage and anperage
were set to 40 kV and 30 mA, respectively. The nonochromator slit was set

at 1- 2 nm bihe Ifadymorph Thenmpalof etdis Brehetiapihayedyhepm cxhibitd dn2X Gay Panbes
were prepared for analysis by packing themijnto thin-walled glass

capi | |94fiagldon paftepn Baying phargctissicmset @drombingegiss shét e Iedireniiiat 4%

not or i 1 pl thg. capillary during data acquisition. The
sanplégﬁgg%g7R§ﬁ§k§%§ﬁa?%%9%8%£§g%ghds. | nstrunent calibration was
performed using a silicon reference standard. 61 WD 2009/108730

PCT/ US2009/ 035192 PANal ytical . X Pert. Pro Diffractopeter .Sanples were al so

anal ysied udiRgpol Pl ST 0T b - Whaeh B mebTGrRl G iibihan STaE TRERC s

f\gal Y Z9@abiSd Dhatiekh RAGhAER LRt EHAE PEAD UPIdIEdAR dRicbx26 PHY0hhRRpfRBY St SioUT Ce.
(doublet), 7.3, and 8.2 degrees 2-6.

4. The polymorph Form { of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.6
(doublet), 8.6, and 10.5 degrees 2-9.

5. The polymorph Form { of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 8.2,
8.6, and 9.5 degrees 2-0.

6. The polymorph Form { of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 10.2
(triplet), 12.6 (quintet), and 13.2 (doublet) degrees 2-0; or 7.3, 10.5, and 12.9 (doublet) degrees
2-0.

7. The polymorph Form { of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 7.3,

7.6 (doublet), 8.2, 8.6 degrees 2-0; or 4.7 (doublet), 7.3, 7.6 (doublet), 9.5, and 10.5 degrees 2-6.
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elliptically graded nultilayer mrror was used to focus the Cu K a X-rays
of the source through the specinen and onto the detector. The speci nen was
sandwi cheaohetvwerso3-m cron thick filns, analyzed in tPamars2@9i083192
geonetry, and rotated to optim ze orientation statistics. A beam stop and
a heliumpurge were used to mnimze the background generated by air
scattering. Soller slits were used for the incident and diffracted beans
to minimze axial divergence. Diffraction patterns were collected using a
scanni ng position-sensitive detector (X Celerator) |ocated 240 mmfromthe
speci nen. The data-acquisition paraneters of each diffraction pattern are
di spl ayed above the image of each pattern in appendi x data section. Prior

wes. agalyooftd fupPhy RN BREHUCE Shbeh B aRAthGRh FEa0EE RRaEbRlsl ")
XRPD Refftctiraspdticonbavahig Bdraxdristio pegitsraxpressell i epredO00 (14/20.20 degree 094t 821 6

______ 8.6,9.5, 102 (triplet),.and 10.5 degrees 2-0. . _ _ . . _ ... ______._._._._._ 7

------------------------------------------------ 12. 1 eLictt 1-- <kaf
niet: _ay_ 62 WO 2009/108730 PCT/ US2009/ 035192 Table 24: XRPD Peak
Posi t i%ns dtheRdaxromphrEdeor inof Tldm' B whéein the polymorph exhibits an X-ray powder

R i T e S A A Bt A B ast 2 rit er
10. The polymorph Form { of claim 1, wherein the polymorph exhibits 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 2-6.

11. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1,
7.3, and 7.5 degrees 2-6.

12. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1,
7.3, and 7.9 degrees 2-6.

13. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 6.1,
7.3, and 8.8 degrees 2-0.

14. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 6.1,
7.3, and 12.7 degrees 2-6.
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Tabl e 26: Mesyl ate Form Met hods of Making the Mesylate Formof R faximn
Salt Met hwo 20pg@8%8at i on Result Attenpt filtrate initialcy/useaanaiined snal |
filtrate fromquantity of "fluffy" Mesylate 3302-37-01 left at material in
crystalline, anbient for suspension after 1 hour one hour small solids
adhered to flask sides 63 WO 2009/108730 PCT/ US2009/ 035192 Table 27: Form
t Methods of Making the Formtiof Rifaximn Solvent Conditions Cbservation
XRPD red orange, blades, cc single and int spherulites, Methanol
birefringent red orange, dendridic SC formations, t birefringent

| NCORPORATI ON BY REFERENCE The contents of all references, patents, pending

pat ent; sapplj a3l ) b pUR! 'f 1591 P%E@e?ﬂ C}J%)grgo@P e%ﬂ)ht?% kMh§ powder

appl i dati on "SriE ﬁ{e}(ﬁlggy Expressly i mcor por Lt
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- O 20 degree 0) at 6.1,

7.5, and 8.8 degrees 2-0.

16. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1,
7.5, and 7.9 degrees 2-6.

17. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1, and 7.3 degrees 2-6.

18. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1, and 7.9 degrees 2-6.

19. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1, and 12.7 degrees 2-6.

20. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1, and 7.5 degrees 2-6.

21. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3,
6.1, and 8.8 degrees 2-6.

67



EQUI VALENTS Those skilled in the art will recognize, or be able to
ascertain using no nore than routine experinentation, nmany equivalents to
t he speciwocoenstonents of the invention described hePernsS29085192
equi val ents are intended to be enconpassed by the follow ng clainms. 64 WO
2009/ 108730 PCT/ US2009/ 035192 What is clained is: 1. Pol ynorphic Form ~,
Formy-1 (c¢), Formrl, Forma-dry, Formt, Form nesylate or anorphous
forms of rifaximn. 2. The pol ynorph Formof claim1, wherein the pol ynorph
exhibits an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 4.7 (doublet), 7.6
(doubl2t ), TAwdodymBompdrasesn 2fplaim 1, TiyBerssl Yisdrobyimeph mxbibite |4 F¥aray pawdeei n

th | - i bit: - : i1 ' tt [
char Al PG RRIHL BLS, B AR ROIRS i QL h S0 2881 650 BN M 1,
(doubl7e3,)7,5,7.98 8.8an6d 8.2 déggee®s. 2-0. 4. The pol ynorph Form of claim1,

wherei n the pol ynorph exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.6

(doublst) . FheiolAthoh ot RIFaRIn?1 Onnieis e RANERANEA Mok o) ol

wherein the p its an X-ray po raction pattern having
char adliffractsdn patipeaks iex pressadtic pedegxxeessclin (degrecO2@ 0/ d8glakegly 6ant 832,

8.6, and 9. rees 2-0. 6. e polymorph Formof claim1, wherein the
polyng% ﬁf%gﬁfgg%g%ahz%ﬂFgﬁe%%ader diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 10.2

(triplet), 12.6 (quintet), and 13.2 (doublet) degrees 2-0; or 7.3, 10.5,
and 1249 (ddeiodymompbdgraasn of-daim7], Wherepothy mayrhorpbrexhdits cinaXrray powider ei n

th l .ph hi bi t. X- : di ff. ti ft havi

char oQAAPEET hT S R e RO et AR B B oD diBs M 535
7.6 (dpgbtgwx%8&3&M1&;6dg§gé§g@‘2-0; or 4.7 (doublet), 7.3, 7.6 (doublet),
9.5, and 10.5 degrees 2-0. 65

25. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1,7.3,7.5, 8.8, and 12.7 degrees 2-9.

26. The polymorph Form n of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 260 (+/- 0.20 degree 0) at 5.3,
6.1,7.3,7.5,7.9, 8.8, and 12.7 degrees 2-6.

27. The polymorph Form 1 of claim 1, wherein the polymorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9
+0.1;79+£01;9.0+0.1;0or 12.7+0.1; 139+ 0.1; 149+ 0.1; or 59+ 0.1; 79 £ 0.1; 12.7 +
0.1;0r59+£0.1;9.0+£0.1; 12.7+0.1; 0r59+0.1; 139+ 0.1; 149+ 0.1; or 59+ 0.1; 79 £ 0.1;
149+£01;0r9.0£0.1;12.7+£0.1; 149+0.1;0r 59+ 0.1; 79+ 0.1; 9.0 £ 0.1; 149+ 0.1; or
59+01;,79+0.1;90+0.1; 127+ 0.1; or 59+ 0.1; 79+ 0.1; 9.0 £ 0.1; 12.7+ 0.1; 13.9 +
0.1, 149=+0.1.
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WO 2009/ 108730 PCT/ US2009/ 035192 8. The pol ynorph Formof claim 1, wherein
t he pol ynorph exhibits an X-ray powder diffraction pattern having

char act erwet2n@/peBks expressed in degrees 20 (+/ - 0.20 @egrseo®p3zan2 8. 2,
8.6, 9.5, 10.2 (triplet), and 10.5 degrees 2-0. 9. The pol ynorph Form of
claim1l1, wherein the pol ynorph exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 8.6, 9.5, 10.2 (triplet), 10.5, and 11.2 (doublet) degrees
2-0. 10. The pol ynmorph Form of claim 1, wherein the polynorph exhibits an
X-ray powder diffraction pattern having characteristic peaks expressed in
degr e€8. 20 The/polymophdéqymee of elaam 4. whercigoilis| podymorphForgr y exipbigs ag Xray

(doubrrier st Bdusin sl ablelerBliE bl o BRI Ty e
degr e®3a25 0+ AL 7The nalysoriphdeomrl of claim1l, wherein t he pol ynor ph

exhibits an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 7.5 degrees

2-0. L0l ts
an X—ray powarg)%j Q ¥??§§?R§E gg?ﬁé?ﬁ@ %Ogmﬂﬁgrg@?i?????%y%gkﬁgygég@ggsed
i n deglift@sti@Opdttefn h&lﬂ@cthtemstﬁ)peaks eﬁcpicssed?mBiegmesl 27 (9/- dedfr dpsecd)ut 7143.
The poIggpgr& For clainrl, wherein the pol ynorph exhibits an X-ray
pomdeﬁ: & dern havi ng characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 8.8 degrees 2-0. 14. The
pol ynorph Formrl of claim1l, wherein the polynorph exhibits an X-ray
powder30. diﬂ%ﬁanﬂﬁnﬂqﬁaEmernOﬁavﬁmchwhmEMRémimﬂﬁnmpédkgnexpxbbsednDﬁﬂw

d 0.20.d 0 7.3 d 12.7 de
2000/ 10830 Hei Beao 6T 08 B kil pefky PR o et SBrT ¢ 4t i ei
t he p@bﬁﬂpQ&h)EﬂBﬂbtbﬂ anoX-gay powder diffraction pattern having

characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1,
7.5, and 8.8 degrees 2-0. 16. The polynmorph Formrl of claim1, wherein the

pol ym%rlph %@Iﬁ)dl}tnﬁor%ﬂ ESrhRY 0?%%1%1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0)at 20.0+0.1;209+0.1; 23.4 +0.1.

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

0)at59+0.1;13.9+0.1; 149+ 0.1; 200 £ 0.1; 209 £ 0.1.

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

0)at 74+0.1; 12.7+0.1; 13.9£0.1; 23.4 = 0.1.

34. The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0)at59+0.1;74+0.1;79+0.1; 12.7+ 0.1, 139+ 0.1; 149+ 0.1; 20.0 £ 0.1; 209+ 0.1; 23 .4
+0.1.
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diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 6.1, 7.5, and 7.9 degrees 2-0. 17. The pol ynorph
Formrl ofNocha@mwsBp wherein the pol ynorph exhibits an XPCcaysSpaamssio
diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 5.3, 6.1, and 7.3 degrees 2-0. 18. The pol ynorph
Formrl of claiml1, wherein the polynorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 5.3, 6.1, and 7 9 degrees 2-0. 19. The pol ynorph
Formrl of claim1, wherein the pon ph exhibits an X-ray powder

di ffra6ti ofhganalenerphakary! eh atamt brwhetriem he anodyrasaph dsayay ﬁﬁhl@éﬁg BRESTH0
(+ - ) S; ph
- oA D latuins Bt Pt SERAeam ety T Al
di ffr @;wai 5)9 @i ria (ha,w g (Char@etoer;i94 +©. paakist eXpil &9se@llj M. deqriees.020
(+ - egree 0) at 5.3, 6.1, and 7.5 degrees 2-0. 21. The pol ynorph
Forn1ﬁﬂlé$5%#9ﬂn¥i4ithreln the pol ynorph exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 5.3, 6.1, and 8.8 degrees 2-0. 67 WD 2009/108730
PCT/ USB009/Thd5idmadh Hdren polf whmmph Wwheroinr the gfolyharpm Eqmmhexha‘bins theX-ray

pol ynor exhibits an X-r wder . diffraction pattern h

Phar adeBireticaosbaueted et ooty astS5urind s uratdy 620 2bgomen
7.3, bzﬁt 5.6-+%.18189 +and 143 ¥ 04ea08es0 3; §.92 11916, @Qloym@% bar mol+ @f;
claim1, wherein the polynorph’ exhibits an X-ray powder diffraction
pat t eron 7Hay Drg 12 Har &kt BY.9 $t0. & 293¢k §. lexpZ@8sedili ). Hedr bas.200(1+6r 50220 1;

ol o bk R 7R 2P 1o 02 G 1o Sl dad BT ra b G S S s s ol 85

powder.1;di4 £ pactyioonopaduer o1 havi. mgc (I:hazoam_lg erli 30 i9Ci @@a&ﬁss ex{y. Bssed 0in 7.9
degr ees 20 6+/- 0. 20 deqree 0 at 8, and 12.7
degr ees0-2- 0 £451; Irhe& Oplo Iy sk Bi: t%)?m(}l Hf9%pé|,%99iMe2%?ﬁQhe23ﬁo¢9r}or ph

exhibits an X-ray powder

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

0)at 59+0.1;79+0.1;9.0+0.1; 12.7+0.1; 13.9+0.1; 149+ 0.1.

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

0)at 59+0.1;79+0.1;9.0£0.1.

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

0)at 12.7+0.1; 13.9+0.1; 149 +0.1.
40. The polymorph Form 1 of claim 1, wherein the polymorph Form 1 exhibits an X-ray

powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0)at5.9+0.1;79+0.1; 12.7£0.1.
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diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.5, 8.8, and 12.7 degrees 2-0. 26.
The pol ymwophos=ostsor | of claim 1, wherein the pol ynor phrexhisboovs3zm X-r ay
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7
degrees 2-0. 27. The polynorph Formi of claim 11, wherein the polynorph
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; or 12.7 0.1; 13.9 0.1; 14.9 0.1; or 5.9 0.1; 7.9 0.1, 12.7 0. 1;
or5.9@11; dhgmolymaph7iorm 1 gf chigol,1whaginghe polymomph Iprmy 1 cyhibis gn Xyrayy ;

7.90. 1; 4. ; , 70, 1. 1 ar s 1.
0. 00, T pftactonHarcgingflie dbrabisie hug oyBrogoet igsmss gB Mg A gl .
7.9 ®359+0.1,000+012.12.7H01; 13.9 0.1; 14.9 0.1. 68 WO 2009/ 108730
PCT/ US2009/ 035192 28. The pol ynorph Formi of claim1, wherein the

pol ynmorph Formi exhibits an X-ray powder diffraction pattern having

char agperi sy i - e . 9
o 1 9" T BRRHDYHRREP PR AIGRARR S oo A0 LR Bray
wher eipowgot gifibagdion Fartonni hasxty diatstantiXpeay qowderd indickfacalti(oq (2 tegree
havi h isti dind 20 (+/- 0.20 d 0 t
7 " SR B 1508 e pol yrmor phForm © of wherein th

The pol ynorph Formi of claim1, wherein the
pol ynmorph Formi exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0)at5.90.1,;
13. 9048; 14he(nolymgemph Fiven polf whsmph Wherpmni thefpadyraduph 1Eormhe celibits he X-ray

I For.m i.. exhi bi - . powd diff ti i
2o oS BB a0 RSB0 S Y BRI 3EP VU0
20.009;32999Q1&;2@¢4phh4gﬁ£ojThe pol ynorph Formi of claim1, wherein the

pol ynmorph Formi exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0)at5.90.1,;

13. 90'4115 14l’h%0po:ﬁ11%9rp9013011’h129'0?%1a%m 1, wherein the polymorph Form 1 exhibits an X-ray

powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0)at9.0+0.1; 12.7+0.1; 149 £ 0.1.

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

0)at59+0.1;79+0.1;9.0+0.1; 149+ 0.1.

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

0)at59+0.1;79+0.1;9.0+0.1; 12.7+0.1.

47. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 £0.10; 8.46 £0.10; 10.95 = 0.10; or 5.34 £ 0.10; 6.93 + 0.10; 8.46 £ 0.10; or 5.34 +
0.10; 10.95£0.10; 16.23 £0.10; 17.70 £ 0.10; or 7.41 £ 0.10; 8.46 = 0.10; 10.62 + 0.10; 10.95 +
0.10; or 16.23 £ 0.10; 17.70 £ 0.10; 17.94 £ 0.10; 19.29 + 0.10; 22.77 + 0.10; or 16.23 + 0.10;
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33. The polynorph Formi of claim1l, wherein the polynorph Formi exhibits
an X-ray powder diffraction pattern having characteristic peaks expressed
i n degr eas020091987300. 20 degree O0)at7.40.1; 12.70.1; 13re®/ub2@9/04094. 34.

The pol ynorph Formi of claim1, wherein the polynorph Formi exhibits an
X-ray powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.90.1;7.40.1;7.90.1; 12.70.1; 13.90.1,;
14.90.1; 20.00. 1;20.90.1;23.4 0.1. 69 WO 2009/108730 PCT/ US2009/ 035192 35.
The pol ynorph Formi of claim1, wherein the polynorph Formi exhibits an
X-ray powder diffraction pattern having characteristic peaks expressed in

degr eé§ 72)0f 040; 19226 Qié@}r%’eﬂ Y014 Br 9@4]?1 070406.23 +0.80 . 17: 700+ @0 01 0r §.340= 1:
12.70 olro %31399 031{) 17%19:9031’0 %Q%Oi 0%110 %2@’1& 1?0'395% qé@% 2Eh3§<0%l YoRpRN
c ror ph " Fo

Form i wher e he poly rmi iay powder

di ffr@cl(] on.9pat (.e0;n et OQOCIIM’aﬁtOeIrU stic peaks expressed in degrees 20
(+/- 0. 20 degree 0)at5.90.1; 13.90.1; 14.9 0. 1; 20.0 0. 1; 20.9 0. 1;
or 5 9 0 1; 13.90.1; 14.90.1; or7.40.1; 12.70.1; 13.9 0. 1; 23.4 0. 1,

12,708 1975g el i o e 34 S0 S ngi A Thbiign pmgg 4.
9 40. :p;owrdé’r dififr 4t 90 . paberh; 120 11@0chhraatBist0 pdaks. okPreksed. 1@ degres 20 (9/-@.20Mdegkee 9. 4
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exhi bigh-$ 3an: 162946 E@Vﬂﬁﬁo@zfﬂd A0S jP@tlbef(ﬁzj@‘()' 1@%0{3@93 aqy ﬁf '8546 £0 H@aks
expressed in degrees 20 (+/- 0.20 degree 0

12. 70.19;6218040; 10.914 ®10;lor ]3)862 ﬂﬂﬁ)el()pd[)@ﬁutr QHOFbGM i B10; 01I7<f;1710mE 0, IOV\/ﬂuéBélm t he

Char agt B oEBOF badte” Bl e dlad RoaRbesob o) £ 0 GEHEED 8 1adds o

0.1 0.8 09534 90090, 093 + B0, 7TJmeim)01I(wmr6moﬁorm&&fopdairrﬂmiqurel%ﬂhe
pol m)rph Formi exhibits an X-ray wder diffraction pattern havi ngi

char aé)t]é)r i/stli€£ 00 8ak g6 exihl sKbel TtIQ ]d)eép@és:t 000 16.23 & 1: w&§ret 00): &
12. 700150, 134199 0%0. 446990 Yo, 10.62 = 0.10; 10.95 + 0.10; 1623 = 0.10; 17.70 £ 0.10; 17.94 +

0.10; 22.77 £0.10; 24.81 £ 0.10; 27.81 £ 0.10.

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

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

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

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

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

0) at 5.34 £0.10; 8.46 = 0.10; 10.62+0.10; 10.95 £ 0.10; 16.23 £ 0.10.
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40. The pol ynorph Formi of claim1, wherein the polynorph Formi exhibits
an X-ray powder diffraction pattern having characteristic peaks expressed
i n degr ea8020091987300. 20 degree 0) at 5.90.1;7.90. 1; 12. POTAIS2000/0%¥D92

2009/ 108730 PCT/ US2009/ 035192 41. The polynorph Formi of claim1, wherein
the pol ynorph Formi exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0)at5.90.1,;
9.00.1; 12.70.1. 42. The polynorph Formi of claim1, wherein the polynorph
Formi exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0)at5.90.1; 13.90.

14. 90.52. 43 heesylsst Koror pcl@sy hnwhesgin dheamasylate Ken ef ﬁfatxrrenmﬂhyhﬁwpﬁ(mr m i

exhi bi [ [ ks
e Dbyt ARl L5 B SEBNRY QUGRAL SFLSEIel gfee
14. 90.6} at &93 +ThE); gel6ynon phl (56X #0i10010.65 aiomdl., wherein t he pol ynorph Form i
exhi bits an X-ray powder diffraction pattern having characteristic peaks

expressed in degrees 20 (+/- 0.20 degree 0)at9.00.1; 12.70.1; 14.90.1. 45

The pahym nge%&pté F&n 6t 34l ﬂrwﬂ@?&h?ﬁé‘m&%}ﬁm@%)’rﬁ%mﬁx’ﬁﬂ n”%(x'hﬁ%%@k traér At

X-ray po action patté€rn having characteristic peaks express
degr egewaor dl-fﬂractﬁnaﬁttdmg[a@mg cﬂ])araterﬁtlé pedks e}spreﬁse@l inQlegdees 20 @+/-@.20 degtde 9

0. 1. 46. n th ph Form i
exhi bifh st 1h0 5 Bt TRoRat R Toraacobol Dt o hEN e Bn Rt PPt o 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. 47. The nesylate Formof claim1, mherein the nesyl ate
For m &#. ri fTeimdsplagxhorbi ofsclam X- wlmyeinphﬁ/mayla:ti: 1Ff3rraof rifaxipa exdibitsha-nay
characterrstr eaks expresse +/- 0 de 0 5.34
0. 10; TR%ae" R T nEAM GRRG oy EREE S Fpldiiagn Gl T8 Ol Berds,
5.34 e)ataggilpugSQJnglaﬁ;Z@Q(ﬂﬂr 17.70 0. 10, or 7.41 0.10; 8.460.10;
10. 620. 10; 10.95 0.10; or 16.23 0.10; 17.70 0.10; 17.94 0.10; 19.29

0.10; 22.77 0.10; or 16.23 0.10;, 71
55. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray

powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

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

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

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

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

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.

58. The mesylate Form of claim 1, wherein the mesylate Form of rifaximin exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 £ 0.10; 6.93 £0.10; 7.41 £ 0.10; 8.46 £ 0.10; 10.62 £ 0.10; 10.95 £ 0.10; 16.23 £ 0.10;
17.70 £ 0.10; 17.94 + 0.10; .29 + 0.10; 22.77 + 0.10; 24.81 £ 0.10; 27.81 = 0.10.
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WD 2009/ 108730 PCT/ US2009/ 035192 17.700.10; 19.290.10;22.77 0.10; or
5.340.10; 16.230.10; 17.70 0. 10; or 5.34 0.10; 6.93 0.10; 7.41 0.10;
8.46 0. W0 200/H27300. 10; 10.95 0.10; 16.23 0.10; 17.7@CT/U32d00/0331%2 940. 10;
19. 290. 10; 22. 770. 10. 48. The mesylate Formof claim 1, wherein the nesylate
Formof rifaximn exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at

5.340. 10; 6.930.10; 7. 41 0.10; or 5.340.10;7.410.10; 8.460.10; 10.620.10; or

5. 340. 10; 8.460.10; 10.620.10; 10.950.10; 16.23 0. 10; or 6.93 0. 10;
8.460.10; 10.62 0.10; 10.950.10;0r10.620.10; 10.95 0.10; 16.23 0.10;

17. 70 590. 10¢iheqpesglpte Fgmigf clgm b vagreig thomesylatg Fogn ebrifegime expibiy,angk-r&) 34

0. 10, MRVEr aBfgion oy Myhigcifctiioys DegfiBlesi il acgrpp2y 1 qpadtiee 41

8. 460.01.at 1.84 620101 8;450: 030, M0956028. 0. 10; or 5.340.10;6.93 0.10; 7.41
0.10; 8.46 0.10; 10.62 0.10; 10.95 0.10; 16.23 0.10; 17.70 0.10; 17.94
0.10; 22.77 0.10; 24.81 0.10; 27.81 0.10. 49. The nesylate Form of claim

1, whepein i i L ki - .
i 111 905 ont R qREte Rt SRITHEL sACKeH ot Al Bohs PRAd M exr B rpg
(+/ - QoR@ecddiffirgxionPattan HavBygy cHarackdisti6 pOdks dprekfed . degreed 20 16/- (BN ddgdnee

mesyl ate, Form of = cl ai ' rein the mesylate Formof rifaximn exhibits
an X—géﬁtggﬁﬁﬂ%ﬂxgﬁgfggipi%ggﬁgkﬂ%rn havi ng characteristic peaks expressed
in degrees 20 (+/- 0.20 degree 0) at 5.34 0. 10; 7.41 0. 10; 8.46 O.

10; 10.62 0. 10. 51. The mesylate Formof claim1, wherein the nesylate
For m &fl. ri fldimdsplagxiirbi efsclaim X-wheyein gowdenylaié Fomaef iifeninpatexkibrs havX-nay

char act er,i st,i eaks expressed in, degrees 20 (+/ -, 0.20 de 0 t 5. .34
o202 TSk b BB G R el SBAE 58 Rnlesy Rt S 9B o Dl G0
PCT/ US2Q09403%1AR2 1625 +Theo;essxdl abgoFor.mo ofo. 1@ ai m 1, wherein the nesylate
Formof rifaximn exhibits an X-ray powder diffraction pattern having

characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.93

0. 10;.,8. 4 ; 6 , ; ~clRe . nes - m.of
ciarm? wibrd et Eletde ot pldl pondar BRRFERNME X AP
powder diffraction pattern having characteristic peaks expressed in degrees 20 (+/- 0.20 degree

0) at 7.41 £ 0.10; 8.46 + 0.10; 10.62 £ 0.10; 10.95 £ 0.10.

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

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

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

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

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

0) at 5.34 £0.10; 16.23 £ 0.10; 17.70 + 0.10.
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powder diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 10.620.10; 10.950.10; 16.230.10; 17.700.10;
17.940. 10w029®/10873054. The nesyl ate Form of claim 1, wheceius2adem3sesyl ate
Formof rifaximn exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.93
0. 10; 7.41 0. 10; 8.46 0. 10. 55. The nesylate Formof claim1l, wherein
the nesylate Formof rifaximn exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.34 0. 10; 93 0. 10; 7.41 0. 10; 17.94 0. 10. 56. The
rresyl &6 FdhmmegsylataFepmof qkmm biwhereia themesydate Feon of tfaximinesshifits aabiray t s

R g s e T e
10; 8.046t5.84 ilDIO 150)3&20 10 7 zmi (}5170 S'Etﬁet 089yl @EE+Boom1 095 el @it 15,23wher 6] n
nmesyl ate F its an X-ray powder diffraction

t he
patteﬂﬁ'MEWQﬁB E%%ﬁ%@ﬂ@rﬂ%??é(bgh@§78ﬁb9égsed in degrees 20 (+/- 0.20
degree 0) at 5.34 0. 10; 6.93 0. 10; 7.41 0. 10; 8.46 0. 10;
10. 620. 10; 10.950.10; 16.230.10. 58. The nesylate Formof claim1l, wherein
t he n#Syl atlhe Foiymabh ranfoaphious folemnho Helhisn anwKeneaytheQmMerpHie&hibastahdﬁray

Ks. d deg
82; gé)gwg é@@@cggrp%%gr%;%%sréc ?a%&e%sﬁé%e%ss%%pre%snedllg ggez%%gég/- f)oZO degree

10. 62Qy 14 719. @g&o%ﬁmatéfihﬁé%&lmu ) - 7P9.15% Z ok had®Orahfe)2 2anfl’ Q510
24,810 10: 37, 6107 10,45 WO 2000/ 108730 PCT US2000] 035182 56, ~The mesyi at e

Form (ﬂapmmamﬁtelhalmxmmn)tdegrm@;ﬂ ate Formof ri faX| m n exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.34 0. 10; 8.46 0. 10; 10.95 0. 10. 60. The

mesyl gge Fam md@ﬂyrgér?hmnﬂa rpVIS 1B &Nelaiie sy hakRin-thepodfmabrph % hivits a@x0irgj t s
|

an X-ray po fraction pattern having characteristic peaks expressed
i n degewdsr diffrgction mttom pwieeeharagyerigtic BGEM expresya; inglegmes 89 (10;0-3) dexreq.

O MRS PRIt 17 ARG Ao PR, B SR Rbvima

char adhkristimunpeigeceX{r essed in degrees 20 (+/- 0.20 degree 0) at
5.340.10; 10.950.10; 16.230.10; 17.700.10.
69.  The polymorph amorphous forms of claim 1, wherein the polymorph 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 2-9.

70.  The polymorph amorphous forms of claim 1, wherein the polymorph 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 2-6.

71. The polymorph amorphous forms of claim 1, wherein the polymorph 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 2-9.
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62. The nesylate Formof claim1, wherein the nesylate Formof rifaximn
exhibits an X-ray powder diffraction pattern having characteristic peaks
expr essedwpnodeysmses 20 (+/- 0.20 degree 0) at 7.41 0. POT/UB2e06033102

10. 620. 10; 10.950.10. 63. The nesylate Formof claim1l, wherein the
mesylate Formof rifaximn exhibits an X-ray powder diffraction pattern
havi ng characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
16. 230. 10; 17.700.10; 17.940.10; 19.290.10;22.770.10. 64. The nesylate Form
of claim1, wherein the nesylate Formof rifaximn exhibits an X-ray

powder diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 16.230.10; 17.700.10; 19.290.10;22.770.10. 65.

The yl a F f clai i . yl Fo f Ll I M4
exhi bi b a5 Payeh bl QR S Y nEh e o B, Fhflhits o
expr esgethmogradagirtemaB@ed WGA Do 201 8Bgr€ght 109s aat106°G40. 10; 16. 230. 10;
17.700. 10. 74 WO 2009/108730 PCT/ US2009/ 035192 66. The nesyl ate Form of
claim1l1, wherein the nesylate Formof rifaximn exhibits an X-ray powder

diffragtio i i,S1 i C i dag :
R TN R R e il o
10. 62 Sconififlg CalbriafetrydDBC;) 06 bARd ddddtberm 4f7abs0078 0C add a ddforldidother2 020%0;
22.77Q,10. 67. The pol ynor ph anor phous fornms of claim1, wherein the

pol yrmpph exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at 7.3
(approxi mate hal o maxi num, 11.3-17.8 (anorphous hal o range), and 15.8
(appr 0% matlhepalymaorpkiamorphode frreso f2laim 168hehe thegiojyroenph cahibrtp ivbadslaftest ms

f claiml, .. i I hi bi - di ff '
pat tonti R Mo eRaP s o PEeFECHERCT Y et B Bl B Sho ke BTt
degr ege aBputanoscl- 10. 1 (anor phous hal o range), 11.3-17.8 (anorphous hal o

range), and 15.8 (approxi mate hal o maxi nun) degrees 2-0. 69. The pol ynorph
anor phous fornms of claim1, wherein the polynorph exhibits an X-ray powder

di ffragti i St i i p s 20
(o 650 GBS 5 R G 3¢ Tk & AR S BHESSPROMmBCH A £ ¢
hal o mehckdinl fc, podyrtlorhh .c3nthihs 8ess than 5% by weight total impurities.

76. The Form {, Form y-1 (), Form n, Form a-dry, Form 1, Form mesylate or amorphous
forms 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.

77. A pharmaceutical composition comprising one or more of a Form {, Form y-1 ({), Form
M, Form a-dry, Form 1, Form mesylate or amorphous forms of rifaximin and a pharmaceutically

acceptable carrier.

78. The pharmaceutical composition of claim 77, further comprising one or more

pharmaceutically acceptable excipients.

79. The pharmaceutical composition of claim 78, wherein the excipient comprises one or
more of a diluting agent, binding agent, lubricating agent, disintegrating agent, coloring agent,

flavoring agent or sweetening agent.
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(anor phous hal o range) degrees 2-0. 70. The pol ynor ph anorphous forns of
claim1, wherein the polynorph exhibits an X-ray powder diffraction
pattern haoi2og/emnacteri stic peaks expressed i n degree®CZWSEHMNH30920
degree 0) at 5.1-10.1 (anorphous halo range), 7.3 (approximte halo

maxi mum), and 15.8 (approxi mate halo maxi nun) degrees 2-0. 71. The

pol ynor ph anor phous fornms of claim1, wherein the pol ynorph exhibits an
X-ray powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.1-10.1 (anorphous halo range), 7.3
(approxi mate hal o maxi nrum, 11.3-17.8 (anorphous halo range), 15.8
(approxi mate hal o maxi num degrees 2-0. 75 WD 2009/ 108730 PCT/ US2009/ 035192

72. Thg pol i i r
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73. Thardot ydmrgpllatlﬁmapmm;JSuga@rcaae@fplltsL dozmdes, waesrahsett, he:llpsl otnpuvders in
exhibits Differential Scanning Calorinetry (DSC) of a broad endotherm at
about Sy8eE kEBSa ni nor endothermat 203 C. 74. The pol ynor ph anor phous
forms of claiml, wherein the polynorph exhibits Mdulated Differential
Scanning Calorinmetry (MDSC) having a glass transition (Tg) tenperature
onset &lo Hhecaphouact@&BaCeordpositidnen ffeteim 77, fdForumated for Fgrienl asddry, Form i or
anor phous fornms of rifaximn of claiml1l, wherein the polynorph contains

| ess than 5% by weight total inpurities. 76. The Form~, Formy-1 (c), Form

rl, Fgpm a Agrrﬁ{eth(l:cp"omtﬁeanfé’rﬁ’e{?@ﬁﬁk a&ealwmafﬁgrma%l {1 IR Qrddr &ﬁfﬁ&rﬁr{g
cl al m1l, wherein the formis at |east 50% pure, or at |east 75% pure, or at

| east aS@%lthaneg toor suézuedt eamedgw@quneeffeohvmmbmmf 08606 mareent Format Fomagt 98%
pure. maceu lkgn compri si nge one more of a Form ~
For m y-(0 F oy NeET Gty apiie SRGTYL R POt i8S p B BhRaor phous

forms of ri faX| m n and a phar rraceutl cally accept abI e carrier. 78. The
phar maceut i cal osition of claim77, further conprising one or nore
phar n@eut {l&]g|m@hgg@gcmrélpgetoec)k@npgénwgerem the subject is suffering from at least one

bowel related disorder selected from the group consisting of irritable bowel syndrome, travelers’
diarrhea, small intestinal bacterial overgrowth, Crohn's disease, chronic pancreatitis, pancreatic

insufficiency, enteritis and colitis.

84. 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.

85. The method of claim 84, further comprising crash cooling the slurry prior to

crystallization.

86. The process for producing Form { of rifaximin of claim 84, wherein the EtOH slurry
comprises an EtOH/H;O slurry in the ratio of from between 1 to 0.02-0.45.

87. A process for producing a mixture of polymorphs { and y of rifaximin comprising

humidifying Form { of rifaximin.
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79. The pharmaceutical conposition of claim78, wherein the excipient
conprises one or nore of a diluting agent, binding agent, |ubricating
agent, diwonbegstsong agent, col oring agent, fl avori ngpragarstooon3aveet eni ng
agent. 76 WD 2009/ 108730 PCT/US2009/ 035192 80. The pharnaceutica
conposition of claim77, fornmulated as coated or uncoated tablets, hard or
soft gelatin capsules, sugar-coated pills, |ozenges, wafer sheets, pellets
or powders in seal ed packets. 81. The pharnaceutical conposition of claim
77, formulated for topical use. 82. A nethod of treating, preventing or
alleviating a bowel related disorder conprising admnistering to a subject
in need thereof an effective anmount of one or nore of Form~, Formy- 1

(c), FRQrm i F . . r fo

o 11 £ i i P C T B RS Gr3HEK T TS R R WlBimtays | o
suf f errifixgndis by vaior ldefasionoin@ncthoiothnd etraliahiofita0udas waek acheahtisobrnt. he group
consisting of irritable bowel syndrone, travelers' diarrhea, snal

i ntestinal bacterial overgrowh, Crohn's disease, chronic pancreatitis,

pancregtic ?%%égs J?Fér‘?s?gc))({?%nf’ﬂlngﬁ lof Hifux@ifh c%% r{sing drﬁ%gtpgqrﬂrg%?‘?ﬁ“%lﬁl

produci ng Fo nprising fo slurry o
initial mea(ﬂyofrﬁamnwlm mmumttammaUMeamjmyﬁaHlmng

rifaxigln fron1th% rr. 85. The t hod of C|alﬁlg Ff?urth r|S|ng
crash ool i*hBroess 1ef IEFP Yeifh paprphgus ias whig compLping gringig ﬁ&&c@%

pr oduGi AR nFObIFonPY afid Fé’r’fﬂﬂ"o?n@afxuﬁlna' m 84, wherein the EtOH slurry
conprises an EtOH/ H20 slurry in the ratio of frombetween 1 to 0.02-0. 45.

87. A process for producing a m xture of ponnDrphs ~ and y of rifaximn

h
P LB 008 0 atTsS bRt Roan byt ilRih T Smpktindm 6 AR iGog o rifsiin

conpruﬁh@ghgragh@iwhghqgmﬁﬂnrphous rifaximn by vapor diffusion in
met hanol and tetrahydrofuran, using water as an anti sol vent.

92. The process of claim 91, further comprising milling the produced amorphous rifaximin.

93. A process for producing amorphous rifaximin comprising lyophilization of rifaximin in

p-dioxane: water 1:1, and fast evaporation from acetone.

94.  The process of claim 93, further comprising milling the produced amorphous rifaximin.
95. A process for producing amorphous rifaximin comprising precipitation of rifaximin from
acetone.

96.  The process of claim 95, further comprising milling the produced amorphous rifaximin.
97. A process of producing B-2 Form of rifaximin comprising precipitating an o-dry Form of

rifaximin in a mixture of EtOH and water.

98. A process of producing { and { and y mixtures of rifaximin comprising precipitating the

initial forms of rifaximin in the manner set forth in Table 15.
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89. A process for producing Formrl of rifaximn conprising drying Form ~
of rifaximn. 90. A process for produci ng anorphous rifaximn conprising
gri ndi ng Wworznowiosf3ori faximin or a mxture of Formy an@&CFarsaomlo3zab2
rifaximn. 91. A process for produci ng anorphous rifaximn conprising crash
precipitation of rifaximn fromethyl acetate with heptane. 92. The
process of claim9l, further conprising mlling the produced anorphous
rifaximn., 93. A process for producing anorphous rifaximn conprising

| yophilization of rifaximn in p-dioxane: water 1:1, and fast evaporation
fromacetone. 94. The process of claim93, further conprising mlling the
produced anmorphous rifaximn. 95. A process for produci ng anorphous
rifaxigg n CONRL p| n ri

broceds: of “EPRELS Gl bR HEIRR Fm R ooy LS BBt i ST
rlfaxnmﬂhme287 A process of produci ng 0-2 Forn1of rlfaX|n1n conpri sing
precipitating an a-dry Formof rifaximn in a mxture of EtOH and water.
98. A process of producing ¢ and ~ and y m xtures of rifaximn conprising

preci piphat i r

TabIeH?gl }290é£§ igﬂkgg%gbhl%i 6%5&%8%3xgﬁgg'gg' A pr gﬁgé*b rodﬁcﬁng a
mesyl ahé Heomny efid Fofraxi mixture® kpmpssing préudgpitaangithé omsalstetms ar the mlamneTa;bt e

26. 1%0. A'f%§C§$S of producing m xtures of Formy of rifaximn, Formy and
For m farthind4hle and Formy and Form ~ mi xtures conprising precipitating
the initial forns in the manner set forth in Table 14. 101. A process of
producing m xtures of Formy-1 (~) and Formy-1 (~) and Form O m xtures of
rifaxil@iln, Pcpmﬁsssnfrmocbng mixtaes n@Fom YHnGCh pad Foun sl (Ch andhEoma frieixtuget

f h Tabl d F f.
compr CATREREY FOPRTAGE PrETRBRES P anCeLBER HEbE RO ioc®3 1B 35 A br ocess
for producing a, 0, a and O m xtures conprising precipitating the initial

fornms of rifaximn in the manner set forth in Tables 10 and 11.
0 A process for producing Form 1 of rifaximin comprising performing the conditions set

forth in Table 27.

103. A process for producing a, B, o and f mixtures comprising precipitating the initial forms

of rifaximin in the manner set forth in Tables 10 and 11.

104. A process for producing - dry comprising precipitating the initial forms of rifaximin in

the manner set forth in Table 16.

105. A process for producing 1 and 1 and y mixtures of rifaximin comprising precipitating the

initial forms in the manner set forth in Table 17.

106. A process for producing amorphous rifaximin comprising precipitating the initial forms

of rifaximin in the manner set forth in Table 18.

107. A process for producing Form ¢, Form -1, mixtures of Form o and Form 8, Form -2,
and Form (-1 of rifaximin comprising precipitating the initial forms of rifaximin in the manner

set forth in Table 19.
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104. A process for producing r,- dry conprising precipitating the initial
forms of rifaximn in the manner set forth in Table 16. 105. A process for
produci ngwol2o@m@sTh and y m xtures of rifaximn conpri siPaog/Uyse@oiopiibat i ng
the initial fornms in the manner set forth in Table 17. 106. A process for
produci ng anor phous rifaximn conprising precipitating the initial forns

of rifaximn in the manner set forth in Table 18. 107. A process for
produci ng Form ~, Form 0-1, m xtures of Forma and Form O, Form0-2, and
Formc-1 of rifaximn conprising precipitating the initial formnms of
rifaximn in the manner set forth in Table 19. 79 WO 2009/ 108730

PCT/ US2009/ 035192 108. A process for producing Forma-dry, Forma, Form

r,-dr For | o Moo= o] C r r 1(~)
o g8 e P e LI rorhl P, (SRR KGRI A5 P
m Xt urfesmaf ambfousEorme, oM Bl Q) gidediop B atiktngest Aerm Qiahd &orrh @rit@és and
rifaximn in the manner set forth in Tables 20 - 22. 109. A kit for
t r eat iFREME PGP 8¥FYESs of pifaxiaihpmaprisiph RSEIPERTRE Bisdnigipl fopme obfifaximyy m ¢,

Forn1qﬁgwqﬁmg@rgﬂgg&ﬁmygﬁﬁéyﬂ@ggz}ifaxinin and instructions for use. 110. A

packaged conposition conprising, a therapeutically effective anobunt of one
or nore of a Form~, Formrl, Forma-dry, Formi or anorphous forns of

ri faxinm.n and. hatr maceuti cal |y, acceptabl e carr.i.er or dil uent erein
e edMBos A Rrior Ber bt e drotief FEARAGes SOSHHEE 7 SF MBIT A & PO or

SusCeolRe of & AnBPNELs ST @dximfthdAAGKRGEHRs W e nstructions to treat a
subj ect suffering fromor susceptible to a bowel disorder. 111. A nesylate

formof rifaximn. 112. Polynorphic Form0-1, FormO0-2, Formy-1(c) or Form
r,-dry.qf rifaximnp, 113..The Formy- ~) of claiml, co i sing an XRPD
pat ¢ exiOsusb PR oo sHed rtebaten iy e PR GFO R A0 o
cl ai mo¥, a ClRgHR! 151 P, XRith RabEer Forgtils bandmabhduss fdinsabf t @faxmhigUaR] 2
115. The Formrl of rifaxim n of claim1, conprising an XRPD pattern_
subst @,hgﬁnaqcplytlc@ilpﬁap@pta{b@ 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.
111. A mesylate form of rifaximin.
112.  Polymorphic Form B-1, Form B-2, Form y-1({) or Form ¢-dry of rifaximin.

113.  The Form y-1 ({) of claim 1, comprising an XRPD pattern substantially similar to Figure
1.

114.  The Form C of rifaximin of claim 1, comprising an XRPD pattern substantially similar to

Figure 2.

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

Figure 3.
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Figure 3. 80 WD 2009/108730 PCT/US2009/035192 116. The Form anor phous of
rifaximn of claim1, conprising an XRPD pattern substantially simlar to
Fi gure 4.w02é09/iD8mB0oFor m anor phous of rifaxi mn of clai mpCI/usesmposapPNg a TGA
and a DSC substantially simlar to Figure 5. 118. The Form ~ of rifaximn
of claim1, conmprising an XRPD pattern substantially simlar to Figure 8.
119. The Formrl of rifaximn of claiml, conprising an XRPD pattern
substantially simlar to Figure 9. 120. The Form anor phous of rifaximn of
claiml1, conprising an XRPD pattern substantially simlar to Figure 10.
121. The Formi of rifaximn of claiml, conprising an XRPD pattern

subst dApi allihy Foirmiqmgrphays ofirgyyiminof clamp 1, quyeprisengaaXBPPopaticet subisteasialhi n of

cl aim_93. isihg an XRPD pattern substantially simlar to Figure 15.
123. fﬁ%m%ggﬁggﬁ%?phous of rifaximn of claim1, conprising a DSC

substantially simlar to Figure 20. 124. The Form anorphous of rifaximn
of claim1, conprising a cycling DSC substantially simlar to Figure 21
125. THé FdmmEes® us PT FifeaRine frelagm b icamprising @ohip 2Bdl APSE sulgstantially
subst$ﬁﬁﬁghb¥hﬁﬁ@gjar to Figure 22. 81 WD 2009/108730 PCT/ US2009/ 035192
126. e Form-anor phous of rifaximn of claim1, conprising a cycling DSC
substantially simlar to Figure 24. 127. The Form anorphous of rifaximn

of el g Lo HRG oMk At Cof eRRh 37 Abristng b XRID bihtert SN2y similar to

Figure 8.

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

Figure 9.

120. The Form amorphous of rifaximin of claim 1, comprising an XRPD pattern substantially

similar to Figure 10.

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

Figure 11.

122.  The mesylate Form of rifaximin of claim 93 comprising an XRPD pattern substantially

similar to Figure 15.

123.  The Form amorphous of rifaximin of claim 1, comprising a DSC substantially similar to

Figure 20.

124.  The Form amorphous of rifaximin of claim 1, comprising a cycling DSC substantially

similar to Figure 21.

125.  The Form amorphous of rifaximin of claim 1, comprising a TG substantially similar to

Figure 22.
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128. The Form anor phous of rifaximn of claim1, conprising a cycling DSC
substantially simlar to Figure 27. 129. The Form anorphous of rifaximn

of cl ai mwO 20@mp8i3si ng a TG substantially simlar to Fipgums2@8/,03180D. The
For m anor phous of rifaximn of claim21, conprising a nodul ated DSC
substantially simlar to Figure 29. 131. The Form anorphous of rifaximn

of claim1, conprising a nodul ated DSC substantially simlar to Figure 30.
132. The Formi of claim1, conprising thermal data substantially simlar

to Figure 31. 133. The Formi of claim1, conprising proton NVR spectrum
substantially simlar to Figure 34. 134. The Forma dry of claim1,
conprising a TGA and DSC substantially simlar to Figure 37. 135. The Form

Fi gur d 5. 155 NrobuSr BbE S0 BB s b g HENERG st
ri f axisithitarad Fiduad 24.94, conprising the XRPD substantially simlar Figure
38. 137. The Form 0-2 of rifaximn of claim94, conprising aTGA and/ or DSC

substantially simlar to Figure 39. 138. The Formr,-dry of claim 94,
conpriiskng g t Al YeeSidbd ar L -1 40 The
134! ﬁe%%@fio,lﬁ HS5FaRRE LA i) co%{ﬂslé% a 76 sdﬁ'stq{'fﬁeﬁp Qmilded

Formr,-dry o conpri sing an XRPD n substantially simlar
t o Fi dugwee231. 83

128. The Form amorphous of rifaximin of claim 1, comprising a cycling DSC substantially

similar to Figure 27.

129. The Form amorphous of rifaximin of claim 1, comprising a TG substantially similar to

Figure 28.

130.  The Form amorphous of rifaximin of claim 1, comprising a modulated DSC substantially

similar to Figure 29.

131.  The Form amorphous of rifaximin of claim 1, comprising a modulated DSC substantially

similar to Figure 30.
132.  The Form 1 of claim 1, comprising thermal data substantially similar to Figure 31.

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

34.

134.  The Form ¢, dry of claim 1, comprising a TGA and DSC substantially similar to Figure
37.

135.  The Form B-1 of rifaximin of claim 94, comprising the XRPD substantially similar
Figure 38.
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136. The Form B-2 of rifaximin of claim 94, comprising the XRPD substantially similar

Figure 38.

137.  The Form B-2 of rifaximin of claim 94, comprising aTGA and/or DSC substantially

similar to Figure 39.

138.  The Form ¢-dry of claim 94, comprising a TGA and/or a DSC substantially similar to
Figure 40.

139. The Form e-dry of claim 94, comprising an XRPD pattern substantially similar to Figure
41.
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