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0.20 and (18.46 - 18.61) 0.20; or (5.41 - 5.65) 0.20, (6.45 - 6.67)

0.20, (6.83 - 6.94) 0.20, (7.52 - 307.56) 0.20, (7.68 - 7.78) 0.20,
(8.30 - 8we4p11/B3320 and (18.46 - 18.61) 0.20. WO PCT/US2011/039085

2011/ 153444PCT/ US2011/ 039085 I n one enbodi ment, the

rifaxi mn:piperazine cocrystal 1 is characterized by an XRPD substantially
simlar to one or nore of Figures 17, 18, 19, 20, 23, 30 and/or 48.

I n one enbodi nent, the rifaximn:piperazine cocrystal 1 is characterized by
| R spectra substantially simlar to Figure 21 and/or Figure 33. 5ln one
enbodi nent, the rifaxi mn:piperazine cocrystal 1 is characterized by Raman
spectﬁ%ﬂ@M%ﬁFﬁntlally simlar to Figure 22, Figure 35 and/or one or nore
peaks of Fi , obhh f
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I n one enbodi ment, the rifaximn:piperazine cocrystal 2 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees
20 (+/ - OWOQodegser@ 0) conprising one or nore peaks |i sed/tiseoifFioguse 41.

I n one enbodi nent, the rifaximn:piperazine cocrystal 2 exhibits an X-ray
powder diffraction 25pattern having characteristic peaks expressed in
degrees 20 (+/- 0.10 degree 0) at 3.64 0.10; 5.58 0.10; 6.45 0.10; 7.29
0.10; 7.60 0.10; 8.27 0.10; and 9.01 0.10. I n one enbodi ment, the
rifaximn:piperazine cocrystal 2 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.10
degree 0) af ®esanbqgimey, @dequfaximinpiperazing cogrysi@l 17isgeharagteriged @y oan XRPLy:
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the rifaximn:piperazine cocrystal 2 exhibits an X-ray powder diffraction
pat t er n haun nge chnghrodonant.i diei wfapeakgiperpne sverystah 1 die grthermstedged( by IR0speQra
degree 0). at.3.64 0.10: 6 4 .10:,7.29 0.10; 7.60 0.10; 8.27 0.10;
and 9.86118)[an§?11368.1mﬂar to P%guTe 911 %n%(/)oﬁgjl%lﬁ%%;di ment, the rifaximn:piperazine
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ri faxiomongpi pery A% ue9.8deyst al 2 is at | east 50% pure, or at |east 75%
pure, or at |east 80% pure, or at |east 90% pure, or at |east 95% pure, or
at | east 989@pusBbodiment the Hlayppingipssingererysitihbexbiiiimar S Poyvdes fililactigt,
the Fonmrhhglife MardddrRNé Plaks cdB&sEd harb LM PI+Pes. 87 iLeLOGE ¥ al 0. o, and/or
the rifaxi mn:pi perazine cocrystal 2 further conprise a 30pharmaceutically
acceptOalyy 848 & jGepnd 8P 201107 153444PCT/ US2011/ 039085 I n one
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rifaxi mn compeieaibbdinene thy ritdxiRingfipdrivtnengicheds 1l ¢iatedrived FabISE IndMTGRabl e
2. I n one. rrbodirren]%ig ér vided is a nethod for produci ng Form Kappa
or ri FHREHTURSRBEANY suniY (¢ Higuist?8ps of agitating Forma of rifaximin bel ow 60
Cuntil a precipitate results and filtering said precipitate. In one

enbodi nent, the agitation is stirring.; In one enbodinent, the agitation is
10 sonication. In one enbodi nent, the tenperature is roomtenperature. In
one enbodi nent, the agitation is stirring and the tenperature i s above room
tenperature but below 60 C. In one enbodi nent, the agitation is sonication
and the tenperature is roomtenperature. In one enbodinment, the filtered

precipitate is further dried (e.g., over P205). Provi ded herein
are processes for producing a rifaxi mn:piperazine cocrystals conprising
one 15 or nore of the nethods listed in Table 10. I n one enbodi nent,

t he conposition further conprises one or nore pharnmaceutically acceptable
exci pients. The excipients may be one or nore of a diluting agent, binding
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25 amount of one or nore of Form kappa of rifaximn, rifaximn:piperazine
cocrystal 1 and/or rifaximn:piperazine cocrystal 2 of rifaximn.

Accor di ngwoaoanicssdaer aspect, provi ded herei n are nmet hodeCofUstoieasions,
preventing or alleviating a bowel related disorder conprising admnistering
to a subject in need thereof an effective anobunt of one or nore of a Form
kappa of rifaximn, the rifaximn:piperazine cocrystal 1 and/or the
30rifaxi m n: pi perazine cocrystal 2. WD 2011/ 153444PCT/ US2011/ 039085

I n one enbodi nent, the subject is suffering fromat |east one bowel related
di sorder selected fromthe group consisting of irritable bowel syndrone,
travel ers' Igioerdekodingens) fhej Hiasypippilerasiet cryalal oy ehypdeitzed or HVY surves
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rifaxi"mn:plperazine crystals 1 and/or 2. Methods are outlined in the
Exanpl es anad ome tehdodiakhes thenfifa&imin:piperadicocbagstahdr ehiractadedr 8y N§SNBIRONE
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cocrystal 2 of rifaximn and instructions for use. Provi ded herein,
accor dhewn tndighie 34spect, are packaged conpositions conprising, a
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alpharhate Rt iigHr Y- acceptabl e carrier. In one embodi ment, the
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and/or,  the rifaximn:piperazi ne cocrystal and a pharmaceutically
accepta¥ 2-28&“&@?-68# dﬂfq?ﬁzﬂtisql(?/ﬁgﬁl éf)lll 1L’[On](g)'corrposi tion is formulated for
treating a subject suffering fromor susceptible to a bowel disorder, and
packaged with instructions to treat a,ubject suffering fromor susceptible
to a bowel disorder. Al so presented herein is the use of one or
nore of Form kappa of rifaximn, the Formtheta of 15 rifaximn, the

ri faxim n:pi perazine cocrystal 1 and/or the rifaximn:piperazine cocrystal
2 of rifaximn as a nedi canent. Presented herein, according to another
aspect, is a process for producing a rifaximn:piperazine cocrystal 1
conprising dissolving rifaximn in acetonitrile wth sonication; adding
resulting solution to piperazine with stirring. 20l n one enbodi nent, the
met hod may further conprise adding additional acetonitrile to the

pi perazi ne sol ution. I n one enbodi ment, the nmethod may further
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251 n one enbodi nent, the nethod may further conprise collecting solids by
filtration. In one enbodi nent, the nethod may further conprise drying the
col | ect edweabidis3444 Presented herein, according to aooiUseriiaspest, is a
process for producing a rifaximn:piperazine cocrystal 2 conprising
exposi ng rifaximn:piperazine cocrystal 1 to acetonitrile vapors. WO

2011/ 153444PCT/ US2011/ 039085 Presented herein in one aspect is
rifaximn formtheta. In one enbodinent, the theta is characterized by an
XRPD substantially simlar to Figures 60, 67 or 72. In one enbodi nent, form
theta of rifaximn conprises one or nore of the peaks identified in Figure
68. | n one leptfodinbasimentsthe faxainRiRsraziiefcasiypin’ SdHiEag &sray ppgder diffraction
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Fi §ur gaifdn having charédferﬂﬁ@p@ﬂtbezbrémﬂt in cfeglrem zeheva) o degrdea’ian® 64 ey, I5§SS+_- one

of 110 reh A AR Tt PO D ks ont 1174 I nTabl o 25,

I n one enbag bﬂ@aﬁbodlhhantth@hﬁaxfr@ihrplp&azmefcwymm &RhiMiRiah X -2 QprﬁéWdlﬂﬁw&f
diffraction pattern having one or nore of the foll ow ng aracteristic

peaks Pa%pp 3y ag chafciaighiepgke oxrasped i degregedt @ ©10 éftgr@ @iat 304 #3)-102 568 *
0. 10, 707545 Lol 7808 19 60us O19%na Q0o 1 10.96 0.10. I one 15
enbodi ment, the theta form of faximn exhibits an X-ray powder
dilffract i orn pet ¢rebadlithenti thy n@hamamur@razmelcecm@:alk%e@iqﬁs @g setyipawdeghBesti@0

+/ - 5. 4 7. 0,40, 0.0 7. <1Q,, 9. 09
0. 10, Pk PGABE By Bhups giind e f oo 1 oge 3 352 1 €5+
0. 10, O7LO7645&01m 720 B10/2. 60&(1!1) aod 99148.10. 10, 7.00 0. 10, and 8.72
0.10; or 5.48 0.10, 7 72. 0.10, a Pre d her ei n
in one aspéwnf‘a%b%?%&ﬁ g aXHaR.Pﬂi&f%zwﬁfraﬁtﬁll??%;@ﬁwﬂéﬁajXOW@Q&/ HEY ¥ n in
One a REShH hamg amrmaﬁu@f)eanmkxpi@séd fnacbRd2d OF-M.1OU&rec2Blan3 ole Caﬂ]a@cstx +

ed herein are maki ng rlfaX|mnformeta conpri si ng:

prlém ﬁltoaﬁﬁﬁé()dq a%ﬁﬂﬁ(ﬁlq ﬁ&@\—eq Hared 3-2diH- Wy the precipitated rifaxinin

under nitrQgeRs cRAiBI Qh@hﬂxﬂﬂin%}%réﬁrf%%@ﬂy&t@lt?Qgh'iﬂﬁs%'X’T}a p%%vdé’x%ﬁfa%ﬁ{&}{ ed
tenperature for 30 mnutes or longer. In one embodi nent t form

pr eci prtiern davisp pwrictaisti¢ peaks gxqressed i dgarseetbodi Orbhdegrecd anémm thl(hg-58st at
about Qr I er. 30In one enbodi nent, the maintining
is ungéﬁ% \%géuuomﬁ)g?%gggou{&ggéég?gr' "hours or longer. WO
2011/ 153444¥PCh¢ Ldﬁsm@mjﬂeﬁegﬁ)@ﬁfdxhnmrpépeem@mmtal 2t deradteyivergby P brndahokt 10
LLautes or | ess one aspect, provided herein are nethods of naking
%ﬁaxﬂ’ﬁvﬁs Tugﬁtﬁ?tﬂ%ltyzilm%aéﬁ%ﬁgglie g precipitating rifaximn from ethanol ;
dryi ng the Iproaci dahtodingshe, tht axfatihdin: pipei@rindicot:9geN? cbfhc@Biddt By INMB $pdétra
rifaximn at anbient tenperature. 5In one enbodi nent the form precipitated
conprls‘élé%anf%]”ﬁlﬁ‘élf“&o Figure 43,1y "one enbodi ment, the maintining further
conprises thentidndsbifdae, Utﬂgqforﬁ’lal%ﬁﬁnoff%fa)@nﬁl{ APOEn NRYE Sa r1fax1m1n PiPer@Afe
enbodi nent, the maintining further conprises the rifaximn at etween about
22% asecseeh handiod pirijaximiy ppeweEnenstiiahe aentaip fiess ey bighy weiglrolgbowurite.
ThUtes Of 1 €58 cmbodimdal L AZRCGhpodP’ (Y IASHNE &1 ol CxlRL hPISrafm Rk ng
Formiota and Form theta 'm xtures, rising précipitating ritfaximn from
et han@ifaxmirryplpgamhmcq:otnesml platné/toed rlfmlam mpfnazamje]crystaﬂ 2og etnlpasaﬁﬂ%rmlrmtoalam ng

the riifa 460/ rel mdity
(Rey " A0l B el B PBET Pt SEREE. e RRS b B st B ey

| onger. | nIptdner eabdiddente nies Fotdilekaigﬁairqﬂ ARxinsinf Ofc #bOWtthd@ & Abix@/inOrthd ess.
Al so presented herein are net of . maki ng Formtheta Ogn% aximn

conpr IPHGIHMBERERG PTG étt ¢ GHYIRPSHAANG <O EtlharGrhene BF iy
under pRhifae8RRally QRAMINELAr10 seconds and 10 minutes. Ot her enbodi ment and
aspects are disclosed infra. 20 5



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows XRPD patterns of
rifaximn Form K The top XRPD pattern is as prepared. The bottom XRPD
pattern iwoabtiers3dnyi ng over P205 at room tenperature.. PCT/US2011/03968Fur e 2
is alist of observed peaks for rifaximn Formlc, corresponding to the
XRPD pattern 25as prepared. Note that the peak |labels in this imge are
meant as a visual aid. Consult Tables 3 and 4 for accurate 20 positions.
Figure 3 is a list of observed peaks for rifaximn Formlc, corresponding
to the XRPD pattern after drying. Note that the peak labels in this inage

are neant as a visual aid. Consult Tables 3 and 4 for accurate 20

posi tions. In ang aphodings4spErmydeena /d3908mnin, the Fring jhela 4ofs Fgwgnig, the

tent abinyGmimdah itk SR QAnARE ul iR ApGRAR LfirysBS RECRANELd TheopaT S

i car SRR SR BAn0RL r R Ap R &y 2R RAR Gl e

assi gmedncspadéab@pt@dnprd(d?mft g¢ldin capsules, SIFgagl«va@edSplﬂhdstngweafﬁmhpme peﬂdem ng

sol utlondfor g rp Formlc, after drying. The bars indicate allowed
CI‘Sl seae pac cLs

ref | edI'6HE "hage he unit cell dimensions and the assi ghed space group

(P21, #4). Pﬁﬁill(g:kil‘l&:rﬁnlaSe proDS@‘estfmerpmmjybﬁglﬁmfrmrm@xidﬁrﬁafiﬁﬁmbmpriﬁlsg priepar ed.
Figure 7 | a T Q%ng%g of b imn Formlc, as prepared.
ngrén%ea the psth Qf e 1 ﬂ{‘? rifaximn FormK. Figure 8a was taken
at 23.3 C, IferﬁacﬁhnM?ré@&f&ﬂs afme&Q)d]forgprO(ﬁlcﬂigrfﬂ)rﬁQ(d@§ of AkgmiAtokPlsi®y C,
Figure 8d was taken at 109.2 C, Figure 8e was taken at 123.2 C,_ Figure 8f
was t Aleienstof mepatmedorm ¢ g Blagyninde o R RC antibp presipgtale gasvls pnd)lilerimghsaighs
taken d%tln% 1InConé: e GYEEmRnS Q%%Ea*ﬁ%n rIP'st?iItrfﬁ%e BOLRE EABoRfneht ftlﬁxhégaﬁoﬂz '?'{1 21 K.

Fi gureP shows the post-noisture sorption XRPD of rifaximn For
tdp XRPDcg@mnt eln i ahbalimensi gt urwpgamt isolwomTlempbotura mIXRRD cinbodiafeot, ¢he

noi st roti.or ' e [ rifaximn, Earm.|
post - AR, ¥ i, P telbelild i ok VLTGRO R Hhl B0 f P Mo Gne
post - dmbbdllglenFl hur&itdBon ds aoiliGhidnhendroby acfmpﬁfratmef isxirevinn tBx@peratue;,.  In one
post-drying after. P205 starage 4 i.s an XRPD patter of

post - Pié Wg’%%ﬂﬁ%%@ﬁé?“@ﬁ’%lﬁﬁlrgﬂ‘éré%d (e%hé?wfrgﬁ% XRPD pattern is after
stress. Therbadddn@erRiDppatdsey or bodaiag b rifGimt@pdrdline docGuaB chmpHfioysne
noi_sture sorfptl on of post.- d%l ng rifaximn Form K.  20Figure 16 shows
past - MHMOFuehsBEBedoiegin X ifaximin Formlc, post drying. The top XRPD
pattern is I@fotn@rerﬂ%d%hél{tet&OE&hﬁ&ﬁronTﬁﬁhQP%rﬁﬁﬂl%mﬁep@xt bk ph%nQ%élﬁ{cﬁly
noi sture sorption. Figure 17 shows an exenpl ary XRPD overlay of

Ri famameptabkp@icazmﬁ@e dderoysipainis pag tbe DVS. orTiherct oipa XIRPIngp agenér bindisg meentDvVS

coct e 0, LS TTR, P R0-L3, S i A Sol g o ©°

Rl f axi m n: pioperdari tnenc@mbgdamamt thpq)hmmﬁbtlmtaﬂ@smpngmnTmpy b@fdnmt;latexhas cmm:cyst al

unstresse peak simlar to cocrysta + 3 days
2P0 7R b BRSSO keafian s, SuO Sl b, bl orBionedn Pelen et
- 75% Bldwd&’é oad &@@i(ﬁackal ITh la&tlate@ ca®odiyEhe lthclpharpalitial cohplddn aygekse at
-75% i gure 19 shows an XRPD overlay of Rifaxim n:piperazine
cocryé?rg}“éateq:ﬁ%l;ﬂpfcébustzo bottom 30cocrystal 1, cocrystal 2, rifaximn, Form
a-dry, pi p@’[c@@ﬂdﬂ% t&@n&gélé%%%&géduﬁg@ﬂnﬂa%%%ds of tred%hgub%vglgn%h@f"vs an
XRPD overl ay of f axi m n: pi'perazi ne cocrystal 2, pre- and post-vacuum
dryi nglle\llatum ahypel eplabest dignydler compiigngpdipinisipriag e shppctinyiepdthergiohdn effective
COEry r a el tern
or oonbumeof B Abre & £l O3 S ARMIHET MR SRV B Sochisbd " n B
Ri f axirfaximirppipenagd eveyysehd oﬁnfalxymnal s Fromtop 5to bottom Rifaxi m n, as

recei ved, PRiperazi recei ved ximn: Pi cryst al

R ax mn: ASEHEE REapfRel Fietemoedd B SRR M5uSREs, B tuizoter | ay
of RanBevispest oavel miatda dlaxddﬂcﬁmpmlpgﬁcaﬂmme:nng nda ad@dcyBitr@b® thefebDin éfGftitO
bottom Rifaximn, ei ved, P erazlne s. received from Sigma- Al drich,
Ri f axiPAoHIFT 98¢ 85 e %f@cl?g%;@tlappalo HPFIYR- rﬂl%néf‘gr&fla%ne%mﬁ%waléo@%t%ﬂ 2.
1861 guiridsh: SPQWIn@d BRIl ary XRPD of R faxi m n: pi perazine cocrystal 1.
Figure 24 is an indexing solution for fifaxim n:piperazine cocrystal 1. The
bars indicate




al l owed reflections based on the unit cell dinensions and the assigned
space group (P212111, #19). Figure 25 shows | abeling of XRPD peak for

Ri f axi m rwpi2paridzdsme cocrystal 1. Note that the peak | alpelraSeenitoBaoss i mage
are neant as a visual aid. See Figure 26 for accurate 20 positions.
15Figure 26 is a list of observed XRPD peaks for Rifaxim n:piperazine
cocrystal 1. Figure 27 is a representative |list of observed XRPD peaks for
Ri f axi m n: pi perazi ne cocrystal 1. Figure 28 shows an exenplary DSC and TGA
overlay of Rifaxim n:piperazine cocrystal 1. Figure 29 shows an exenplary
DVS curves for Rifaxi m n:piperazine cocrystal 1. 20Figure 30 shows an XRPD
overl ay of IRPrasinbedimentpde sohierd icwéieyag Bpmit laggisne hywel relggsdrdisopdsr seegted
Pre- D\{I% &%rg}l&%aéolr(lg'lstn%oogftlrr Mﬁe ggwélrbgncﬁﬁﬂlg | @aveﬁ?@%@hrﬁ@?lﬁﬁlalﬁ @dndf b&c&tnal
cocrysta ea -5 an 02 Figure 31 is an exenplary proton NVR
of Ri foasigmwih,pCiobn'adisemse.cderns palcrehtitiipguarenti ZnsuﬁlcacrncSSMVRI@@ncephabpathy

Ri f axi m n: pi per.azi n hows an | R spectrum of

R f axi"HiR? aﬁﬁ;lhgeaglgg?cﬁehaq%c }is'séwfmiuhtﬁi entg%sélﬂg,wh “list of observed IR peaks
fobf Rifaxi rﬁmmicpﬁdpbaframl mecoe@ﬁg ystak alsped%l aiar ﬁo&ﬁssassfoarpredmmgl Boyn Rappan of
spectrum.of R fax] jperazine ¢ stal 1. ure 36 i | i st. of
obser vey" Hrrﬁéb% %' ’F%FW%)?FWFFO ’b‘ PRZTHEC 68‘%?%}%]? ah “f’.%r%-g cghogy af% g
exenploaflpeXRRR: Eialﬂlésadhld% fhePMiaPRE adiane cocrystal 2.

2011/ 153444PCT/ US2011/ 039085 Figure 38 is_an indexin soI ution for

Ri f axi mi n: prodfcslicHan.aserrdiggdp ope asphg #g ks |deFe@HB%a§PW%\/@%Pf¢f‘éflll actbistis
based fpkiflgy Yl LoCSloke S MBOSIPASKARG SiNGrASSIOIRD ISRACHQT QURLLEER2IRL,
#19). Fi ure 39 shows an XRPD | abel'ed with peaks for Rifaxinn:piperazine
cd@r ystfafimppipérgaine c4Qyitsl 4 hider dfc obsenmaupexRID peakgalf drof rifaximin and

Ri f axi; S{E&%ﬂ%%r% ne cocrystal 2. S5Figure 41 is a representative |ist of
obser ve peaks for Rifaximn:piperazine cocrystal 2. Figure 42 is an
exenpl ary DEGideddhdiGh, axestdimy of okt fapédu lareplpp(fklagai mempmmqnst edmyRisirfel gur e

43 shows pr ot of Rifaximn:piperazi cocr ure 44 is
exenpitirgrenge O sDF R o Pl s ety yEtikingn. FaPyiuiel| s
an obsgix@ech, ane GaRinagppeiagint CcchfsﬁBalk?an(ﬂ/@f thi fraxmﬂﬁmplpér@ﬁﬁ@zcba@staloqr yst al
2. Fi gure 46 is an exenplary Raman spectrum of Rifaxi mn:pi Eeram ne

cdér ydifagimin and a pharmmegiifically ecpriable pargier Qrdilaerd ewhiaein AiecFormariten loatilaedRanmn

peaks f&@freﬁinga%'sﬂbjactp'slﬁ?‘errﬁé' H&nc&cﬁ%ééﬁblezto i E&l{zé? ASri&, ahd %@@gb@r\b’ltﬁRPD
overlay of Ri'faximn:piperazine cocrystal, post-RH 15 stressing. Fromtop

t 0 botinsonstians ¢/seahp subjeqy peffariag Sweh Q@ampwlﬁmb@wm)sordemr ystal 1 (Inel
XRPD); b (1)) Kk 75%
); br O%g Eee %glcth?: LediRalC %gl{;%?tl%l\ 1s }I))reseE%a wﬂlgh cglalpg%s o?ie %?‘é’ﬁ)reaf}% %

RH;, broad peaks 0 cocr
RH,  brioadthpdaks kagpaof] raflaxﬁrmn cthrEF(ymt tketalof -rlfquemkn ate rfaxin@@pip2ravme kscragtal-175%

49 is nmat.i c con ersio nd .
0. anonpe bR BHRsE s SRR PR R Fof Lot SRS B e R fies
F| gure 50 shomsenabddirait,ahaphareqiuad 0gmphietiat hane! @hpribydixaipensyst em and
the conversion of rifaximn form4 to forns Il, O, and 1. Figure 51 shows
the conver $Y6PFIBX 1o fnadherianbodinang the GxPIPIERIsHUR 45y R fere of a dilufing agent,

binding agent, lubricating agent, disintegrating agent, coloring agent, flavoring agent or sweetening
agent.

25 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.



Fi gure 52 shows the generation of rifaximn formri. 25Fi gure 53 shows the
effect of stress on rifaximn formri. Figure 54 is an exenplary XRPD
pattern obornfizapsB4¥dn Formri prior to hum dity exposurepcCaftSeriilosevssli ty
exposure and after drying. Figure 55 shows rifaximn dinmers created from
hydr ogen bondi ng. Figure 56 shows sol vent nol ecul es vi ewed down the a axis.
WO 2011/ 153444PCT/ US2011/ 039085 Figure 58 is a linearity plot of
ri faximn standards in sodium acetate buffer medium wth acetonitrile.
Figure 59 is a linearity plot of rifaximn standards in sodi um phosphate
buffer with 0.45% sodi um dodecyl sulfate nmedium wth acetonitrile. 5Figure
60 are exempisarigd XRPON.pALAEHAS BhOW HEPISONIET meéwds)fofFaﬁaﬁrxg, IR \SHIRD Ok 0
bot t Ogﬂle\F Qtﬁr{? Qbo%@lr D dli Erﬁéﬁ& 1s1ng ad 1hgﬁé Sstflg‘é’?t fn%%é't eogfod Hﬁtﬂ on
of rifaxim i Form 0. The bars indi cate ections based on the
unit defttedivitbpsiionsviang effnetl\asasmglned cmpam:elogfrwps ¢(R2fagivfd., #19). Figure 62
shows a pragc fl ow di,agram f.or ta, eta .10 ure 63 sh ows
ova uni b Qerromsay utURE Rtk afl on hSp g kR 8 b e RO
i ndexmgabld:b(gwleylﬁﬂomaamelﬁsa dianhéa, bl iexinylshasics nich véFdPbvihaCtadnn slisedseFt a.
Fi gure,  66. shows Eta indexin ure 67 _shows XRPD. patterns of
ri faxi‘MORFoPdRCEyattEy orﬂa’i‘%ﬁat‘go BRI Yas hﬁfagbareé‘ﬁeplhﬁlroﬁ? 50;™ waﬁﬂ\ "Riter g
days Qhcqpaiibpdity, aiveFRER:s, enteritis UGk, 68 is a |ist of observed peaks for
rifaximn FormO. Note that the peak labels in this inmage are neant as a
vi sual ai dAlopstinfedThgsria. porofding &t o atnscoye gskaged ggmpositions gy BZEY | s
an i nggxh Qtlc%ﬂg%tffe%ef QhodRe fo@ﬂnEno@ @t B QrordhNE: EQ%? @GRl RbInPWRE of
reflecti ns based on the unit cell dinensions g t he assigned space group
( |1>Q 12 rifaximi] 9he rl?@iﬁngml@erm%cmteﬂa laped/e@ix BiplifaxiypniDSQeanide TCAYsthle? rodrans
rif e ve i.gur
sor pt | gﬁﬂn{g g{lrtii': 8 ﬂc%épr%glﬁg ?%ﬁ%r' Cill}(léntE ﬁ;&l%rfgn Z}%foﬁl%)gﬂtl(? %%Jnﬁ.{lz}/temr %Ite%n% Ltur
sor pt Is@hi]e(‘XRE’ﬁ):m’fg frorh ax isadcoptfds m aOboxFerlcamach:p dnd ﬁaoltatgertrwnheﬁmuetlwmns tigstea
sor pt| after nojstur on (Formt). 25 DETAILED
DESCRIPFERH e oty BRYIS b Gr BBUFBr 61 n rel At e to the di scovery of
new pol ynord greRi@d GOelnyis ttlusé of éfe @fmdré bdril KpaN6F ifhamits eheHforinhB&e of Or s
as anti biotics. In one enbodi ment the use of one or nore of Form kappa_ of
r 1P axirHPMinEofhen fifpEindngipeiaring xgaervstal i padpithe sifpamipipgadpe cpevdrl 2 ahd/ or
30ri f ahiini RiNREAZRG. cocrystal 2 (Figures 1-72) of the antibiotic known
as Rifaximn (INN), in the WD) 2011/153444PCT/US2011/ 039085 manuf acture of
medi ci nal prespaedt heseis. f arcording ofoal angthet opipedll iSour epoeesg offitrenpbdcag. 2
Errbodl ej i.st
T G i R T e R S L
Ri f axiadiling resulsing evipidantd pgferdzine mthfsanyrrgl n class of antibiotics. Rifaximn is
a280rrpound Ir15 f(;ral.é/ Ierrrllgoélments Ehreur%étH(I;cF may fur%{errnéloraﬁprliée adding additional acetonitrile to the
piperazine solution.
In one embodiment, the method may further comprise continuing to stir the piperazine
solution for from between 1 hour and 3 days.
In one embodiment, the stirring is at ambient temperatures.
25 In one embodiment, the method may further comprise collecting solids by filtration.
In one embodiment, the method may further comprise drying the collected solids.
Presented herein, according to another aspect, is a process for producing a
rifaximin:piperazine cocrystal 2 comprising exposing rifaximin:piperazine cocrystal 1 to acetonitrile

vapors.



As used herein, "rifaximn Form kappa,"” "Form kappa" "Form kappa of
rifaximn," 10 "polynorph kappa," and "rifaxi mn kappa" and vari ations

t her eof awe 20bi¢d344at er changeably to denote the pol ynor plrct/usesimiosfoss
rifaximn as further described herein by, for exanple, one or nore peaks of
an x-ray diffractogram differential scanning calorinetry data. Form kappa
conprises an x-ray powder diffraction pattern peak positions listed in
Table 2 and 3 below and in the Exanpl es and Figures. 15As used herein,
"rifaximn Formtheta,” "Formtheta" "Formtheta of rifaximn,"™ "pol ynorph
theta,"” and "rifaximn theta" and variations thereof are used .

i nt er chang&agseyted deganit ene #geqob yHBTEPHI Eormothetaof Iny preasinbidinend. the rthie s
d_escr 'chﬁgctgﬂeﬁllﬁg. aPyXle’]grsumﬁQlll}gsinﬂ'aletoolfi R 60, R 572(.)f1n%rﬁe)éﬁ1rb@ iment, for
diffractogram differential scanning calorinetry data shown infra in %nhe
Tabl eshetExfanfpkingn apapiicg one st MAR A0hd pddkS 4eAPETY W3IA0re 68390 88c embodidentused

her ei "l faxi mon. piperazine r al. 1" and "ri.faxim n;piperazine
coory o sk einlh BERBA" BPE GHB ARty oMy IR NP LB G Rents
of 5ri ffexi theta @Srifxintiheompessrai bed sabnaitallpyimifadto Egarpi@, ok enbedimentpeaks
of an x-ray diffractogram differential s ing calorimetry ta sho

i nfra 5 Eahﬁ@ ofgHjfedin %@WF%% HHESYRHES S‘?{%’gﬂ%ﬁ%{“}ﬁlﬁﬁé‘n BdP y U5 anﬁ{; be
ref er rogd ehibodligfedi, TodRsheld bRTaRindin RoRPFAE! N BosEAWidSt Abtion XRPIASuBLEREally
herein, the termpol ynorph is occasionally used as a general termin

r ef er sHeidr {Qlighs 72orms of rifaximn and includes within the context, salt,
hydrat e, pg} YADERBo&RER! YstiPihe@nd rﬁ&?&&ﬂh%ﬁpﬁs@sr O% & mbtef @thdpéhks TnEHME e
depends on context and wll be clear to one of skill in the art. 10As used
héPei nnTabkee24.erlm dnabonhodingnenfopnedicta rofr efginem cempgses - erayorpmwges! tef faakct i on
patter.n peak. | ie%ons refers to the inherent variability of the peaks
dependl ng on, tor exanple, the calibration of the equi pnent used, the
process uséddohocipb@iimee, thhehcpofoymmif pifiaximmecxhipits ah X-lag powyat difftdcdedparater i al
and the like, dependin n the instrunmentation used. In IS e the
oas UGV T Ty Gt v R Shiare wads ssagecl e deessebed- 538 Sewtoet son
skill edsiag theiartoo kaying.1he d.50,benefd v.10f 9.0his odioset 9896ex OwWoUl th one
understand the use of "about” in this context. The term "about” in

r éP er sAYadimsnptthe thefefipime f papsidt exbibity ag. X-rpmapdeio AtfEpgtion pafesn havies

AUC,  icRfhéBsdie p_giﬂ_é%‘%bfgssjegrfn U8dE&S 26 @MMLI RUdY:& 0)aRd 481 18.10] NGO G RS 778€:
i nherent variability in, for exanple, neasuri ng%he araneter or achi eving
i

p
t he pd&k@ndi7ér 0.]0, 9dPsohl 184kdnd| 18P6in04 Preoran48, + A Vi hg0 el Opéraefh @.1@for SHi8st
di scl t vat | abi .t f r e n by
e LT PRSI S O G L Ol PR 8 0 2,
f or m exhi®iani 9¢9chaiodrer4&st 0dS, $DIriH G0, od 10.66 +dxHhpk 8,75an0. XRRD2 A0.1DR, a

o Vcodry Srar= Hoftuch Pl 2785 AR et Al okt B petohrt PanfePiDRar o

subst anto, ahd Y0.86 0. & or 3001:0Mm00,a573 . 1AL &L i+a).10,Sinil deNbiHf 0.€0t &y7.¢che ormet hod
wth variations exgected by one of skill in the art according to the
experigﬁrﬁ%w’\?&?il% b &¥sl0- i nel udi ng, for exanple, instrunments used, tine of
25day, humpgistyed BE8R N ond PSS HeGnethRR T hERRE HBIxHh e fofh 6ta.

Pol ymor phi sm as used herein, refers to the occurrence of different

crystal | i ndrgsertadheseinan snapagpect ewrpribasd of makfing rifaxeminHgdn e status, e.g., a
preperty of - ; i Stipct

o ds. ehar? naUoREREoRUPES) B0EHERRPLERER: of shRingl Rl XIRR S MF S ThADE

di st i mpedcipplayisd cahxipriopieet i ebanoThdredories aegpitglde rdompoundderayitgigere pide t o

a variety .of ol ynorphi.c forns ere.each for s different and distinct
ohyer sl et PTG o n R B SR BB G857 080085
profiles, mebhd agbduihétt tHedoiepatipit@sd chiygisestonpizeiat y, particl e shape,
density, flowability, coppactibjlit nd/ or x-ray djffraction peaks. The
sol ubi Ii ty [BPReHRMPGyBYy wﬁlnﬁavgesaﬁyiyﬁoqtﬁﬁs?)%?r Rt 45U IARESEXi st ence of
pRgr maceut ifg he QRUIRERNSe InfinBAHE N didbr fRGuRhOMoHI SIEPPRAL KBEEWE ioagds Wi th
predictable solubility profiles. It is desirable to investigate all solid
state fornms of a drug, 5 including all polynorphic forns, and to determ ne
the stability, dissolution and fl ow properties of each polynorphic form

Pol ynor phic forns of a conpound can be distinguished in a | aboratory by
X-ray diffraction spectroscopy and by ot her nethods such as, infrared
spectronmetry. For a general review of polynorphs and the pharmaceuti cal
applications of polynorphs see G M Wall, Pharm Manuf. 3, 33 (1986); J. K
Hal eblian and W MCrone, J Pharm Sci., 58, 911 (1969); and J. K

10Hal eblian, J. Pharm Sci., 64, 1269 (1975), all of which are incorporated
herein by reference. As used herein, "subject" includes organisnms

Y Y Y o -



10 such as in the range fromO0.1 to 1 p.g/m, selection of resistant

mut ants has been denonstrated to be possible (Marchese A et al. In vitro
activity wb2iffiasd4mi n, netroni dazol e and vanconyci n agaiPo3tuses1098908%i um
difficile and the rate of selection of spontaneously resistant nutants

agai nst representati ve anaerobic and aerobic bacteria, including
anmoni a- produci ng speci es. Chenot herapy, 46(4), 253-266, (2000)).

15Pol ynor phs of rifaximn have been found to have differing in vivo

bi oavail ability properties. Thus, the polynorphs disclosed herein woul d be
useful in the preparation of pharmaceuticals with different characteristics
for the trdapresnrbasimensfthediyigds forabeut Wo grigntey rdéssgener ati on of rifaximn
preparatio Ve Shanifi.cant. i f.f : 5. Of ptiop: .t h C.
Vel oS 1 om ABoarPO o ag o] b bRERY Hafuds' Rk, G RUE I ALITE Lot

ri f axipndcipieomgp ositimonsirethatthanog flryorg rikg| prefiplajedt oif@Omei gniddri odrogey and
adsorbe%uQXHFQﬁ%g@tsig&ggg ghﬂgl%kuﬁ%nent. One enbodi nent of the invention
i s modul'a in§ e %ﬂ%rapeu ic action of rifaximn by selecting the proper
pobynor phi dn by embaliment dielfoen plecipoditad corhjmised foratzamnt of a patient. For
exanple, in the case of invasive bacteria, the nost bi.oavail able

pol ymor phi ¢" 8¢ W@%‘ﬁmﬁﬁt’ Hhe) BuPEyn MYHCE RYBRIGE &9 %%éﬁ“ﬂélfl ST VACKR (¥ OF n
case Qlordghirsivasi ve pat hogens | ess adsorbed forns of rifaximn can be

sel ected, since they may be safer for the 25subject undergoing treatnent.
Form of ri fla@pﬁﬁﬁlbﬁ%gleafetﬂ@r WRRENEg | TyHer icpyaprise it rlf?éyma|a§g>eﬂ@?@rah%@2%

bi oaval,} a§d, hukYairyThe above-nentioned forns disclosed herein can be

advant ageousl y ugéd as pure and honobgeneous products in the manufacture of
meédi ci nal pn epagnaltddgnent.dbndryingiinfpr ebduax) mimtesRodesxRPD anal ysi s, accuracy
and preci si ' hth. thir t S nt.s [ tly
prepar od sdmaroiae: ekt B Rl of iRA% HERERLSy b RURRRRRRT, Y
gr eat epmphiging pBcia@d}] fifak bidid AARCENIGAD ddyi @3B0 §he Dpith@:d2@axikon vdds pacesen;

i gl VLR AE (b RS R PR PR 30N SR AR Ry (ki

assocCiahifiblici bifipdaiaRa Cloftht @&kt (TR he6r tWABoE &l Howlsadr €sheb. AMotiReelSiliments, the
reconmendati on, at each d-spacing, and provided in the respective data

t aBI eslrvingisjegbopy Kyminuks Reletfods  of Tr eat ment Provi ded herein are

met hods of AlfeafdsBgted PLRME Mk NGethBis k| @XLiAS I MPmPWE] of elidk@fn disapaehs
conprising admnistering to a subject in need thereof an effective anount
of oneresipiBrelam scheolFdrimkaippa cdingliapd iy, undee pilbgen Mram phgeeezi He
cocryg&g&d}mgpﬁf I odhe rifaxi mn:piperazine cocrystal 2. 10 Bowel related
di sorders 1 nclude one or nore of irritable bowel syndrone, diarrhea,

m cr obe asdsyubératdddidicar ardeapec@ apsdisdlokedn/di.f f i1 ci | e associ at ed di arr hea,

t? vel ers' diarrhea, small intestinal bacterial overgrowh, Crohn's
di'sease, diverticular disease, chronic pancreatitis, pancreatic

i nsuf IBRIEEMBSCRAPTEIN DFSLHE DRAWBNGS epati ¢ encephal opat hy, m ni mal hepatic
encephal opat hy or pouchitis. Topical . skin infections and vagi nal infections

may al so be'§WeArBIVWKERDHRECHP PaXTFHRINTOFRES dBCPP B8 L BHET RIS PreparcdThe

| engt hrpehofsi8 XRPENparkR is ﬁfté}erﬁhgW@@;@Pﬁ_ﬁ’%orﬁil&ﬂfe%rew Il depend in part on
the disorder. For exanple, travelers’ diarrhea may only require treatnment
dur ati on offigwe £ ¢ B of otpprvigd peaks [ouilfaimdr Boim s, @irswasdingtythe &AL pattern

f peat AL ‘ ‘ . o

' A D e N SRR HERBH, A PR B B TR (Bl ST L
pr ovi dethchantei2fl p2@tionsnf ra. The pol ynor phs and cocrystal s descri bed herein

may al so be.used.to.treat or prevent.a pathology in a subject ect ed of
bei ng expod STy & it BT Beiest Pk o i o R corapdndigh e XIGHY BilieB

t hose asieibjrgi s Nokothad the penkngtets iafihip irogleydramtirt at  eBlimant. Caisulboweks 8lasdr der
is wll wthin the ability and know edge of one skilled in the art. Certain
of t hé IREIREEE F00siHg-nt i fi cati on of subjects which are at risk of

devel opi ng a bowel disorder which can be treated by the 25 subject nethod
are appreciated in the nedical arts, sgch as famly history, travel history
and expected travel plans, the presence of risk factors associated with the
devel opnent of that disease state in the subject. Aclinician skilled in
the art can readily identify such candi date subjects, by the use of, for
exanple, clinical tests, physical exam nation and nedical/famly/travel

hi story. In yet another aspect, a nmethod of treating a subject
suffering fromor susceptible to a bowel 30di sorder conprises adm nistering
to a subject in need thereof a therapeutically effective amount of WO

2011/ 153444PCT/ US2011/ 039085 one or nore rifaxi mn pol ynorphs and
co-crystals described herein, to thereby treat the subject. Upon

o, - Y Y o o - o v s N 1



30agent, lubricating agent, disintegrating agent, coloring agent, flavoring
agent or sweetening agent. WD 2011/153444PCT/US2011/ 039085 One conposition
may be fowoubates4sior sel ected coated and uncoat ed tabl eCc3/ush@nd3@wssl sof t
gelatin capsul es, sugar-coated pills, |ozenges, wafer sheets, pellets and
powders in seal ed packet. For exanple, conpositions may be fornul ated for
topi cal use, for exanple, ointnents, pomades, creans, gels and lotions. 5In
an enbodi ment, the rifaximn polynorph is admnistered to the subject using
a pharmaceutical |l y-acceptable formul ation, e.g., a

pharmaceuti cal | y-accept abl e fornul ati on that provi des sust ai ned dellvery of
the rifaxi Higrodlshavs pHenteivg isdaxingctolytion fax rifaxyain Hopmhyeg s preppepdh othesbarys
hour s, t t he
phar s Bl e R ed PR EERnERe oo PH RET U5 BT

10l n cert alFﬂglemﬁcshoweatt@tatchee@XptgaaotrameLfm uﬁiklrmorﬁwsmlaﬁwsdlaine skhettzid e
for ta nistration t ect 2! enbod

descr TR Rl aHec Bt hah Al ool ot BhF Sl Sl S PO I B e

i ngenti on Ifﬁigﬂré)élsSep]BSﬁjHielrtytogrammﬂklﬁxﬁdlnfMItm&dlp‘iblﬁre‘datI onin solidor liquid

form incl ted for. the foll owin 1) oral adm nistration
for exanplgggﬂge 'ﬁgA?ﬁﬁ QEAE rifgdmi %H%ésg%P%?4ons or suspensions),
tablets, bqilgtﬁes,ar@ﬁmatg%,mﬁfo@mph%f riRAEhiaSForhiZ). ERurdPdd ¢8¢ ekad at 23.3 °C,
adntnlstratlon for exanp subcut aneous, intranuscul ar or i Nt ravenous

i nj ecthige 48 waf éﬂk%i‘ta% I%‘g@F&FlW?’é taksn gt L0h9 oF Kiawsddstsriakenzy 10926 al
appl i qff?édr@@e wfaéjfak@ﬁ@t”f%% °Ca%1%1r&8f9@59 taﬁéxﬁ&t”[%@tl oof F%feaﬁ/g FRPlakE&Aat 3N
skin; (4) intravaginally or intrarectally, for exa as a pessary, cream
orOf oalntlthrlre(&h)W%Sea@s@tﬂ} btC.exanpl e, as an aqueous aerosol, |iposonal
preparatlo i | e t al t conmpound. 20The phr ase

"phar rraceu'?lil% ??gﬁ"é‘%égp{“%t)ﬁ”‘*?"rfgf"% i l?éxnlghoﬁsbgmrl faxi m n pol ynor phs and
cocrystalsIQ@néh@showséﬁtpmnnemUmonmpnmnﬁm&ﬁlbbﬂﬁmﬁmmﬂaﬂmnngTﬁaam)XRPD

conmpounds,. d/ or, dosa thin the scope of sound nedica
F bagater s R aBiutE o T el aer A oS TEEE human bei ngs. and
ani mal s W ikt 1 EXGESST WRrihéhif of Mfaxiniih Foah kOpbst-adyi@r gi ¢ response, or ot her
probl em or conplication, conmensurate with a reasonable benefit/risk ratio.
28¥he phr a§égur<ioh?awﬁéféé%the@a%@m&éeebtlaaﬁerreafmse@mgnc| udes

phar maceut ifgald Y3 RGCRPA 8RB0 JBHSS Lifkimif PORORI fdsQyRs a¥tEHD,€); QeorsFHCh as a
liquid or solid filler, diluent, excipient, solvent or encapsulatlng

mat eri al , |anp<15¢ Véds b X8RP pitisy Obpoqtﬂmﬁmm Ngteh&4% U] elgessc HamitemXRbm
one or e an, or portion of the
body %%9 égFggg%é?ENQLKFQEX%QS¥NK&EB%E%ﬁQ&m£ﬁgthe sense of being
corrpatl bl eRIgurehli txt@mtnlmestummgnpedm efrpcxst dﬂyntghﬁfammtrnﬁmatw on and not injurious

t he 305 ec i,als .whi ch _can serve
A e S R e R P
i ncl UGERPIY Bt AriSy mSikCke sdgptioaC TBS Bottodd HRpeepaaad iSbirse9Riistfrd koptiag.ches,
such as corn starch and potato starch; (3)_ cellulose, and its derlvatlves

such as sodigHi &ASHOeARet AP ape KREPGYEap b Taxi@in: Ripgaana e sl RIFHRYS.

acet atjge (& XRPOVVHRER G $:13DACARERIal ( SIrhEBbtom KRPDISK B iDpod-DVY, %lr&td pl&ks,

exci pi ents, such as cocoa butter and suppository waxes; (9) oils, such as

peanuﬁﬂwﬁﬂUD@@B@@héeé@ﬂ@ﬁﬂ~5§aif]dMer oil, sesane oil, 5 olive oil, corn
and so - | s,

onk and SOXARATIPH i KA SLAEALSSHE R PLARILENS LSO et AR S

such aenenhyknmmeaUemaﬂduEbhyﬂpbéuramémwéramyagarfpéﬂﬂ# ~b R4, Srdapgatagéfit s,

such ) esi Xi de aIu r oxj de; acid: (16)
Dy oo e it Lriip 534 PR PRl oY f ket Bhe B o B

et hyl tateoypall ;1 +{p2ak pthBhBWGﬂ@ufiEW@Rﬂlutlons and (21) other non-t oxi c
conpati bl e _substances e Oi armaceuti cal formnul

Vetting agdrgise ! gﬁtﬂ“e.afl'%?%‘xaﬁ%r VB AEHYE: PIRSTEHC £8P AP U QI%EFWP bolirPat e
and NMREAYKLUN &Pl BfaxASin ¥ Ay C}Q‘Fé}ﬁilﬁ'@ agents, release agents, coating
agents, sweetening, flavoring and per (pym ng agents, preservatives and
antioxidants can al so be present in the conpositions. Exanples of

phar maceuti cal | y-accept abl e anti oxi dants include: (1) water soluble 15
anti oxi dants, such as ascorbic acid, cysteine hydrochloride, sodium

bi sul fate, sodium netabisulfite, sodiumsulfite and the like; (2)

oi | -sol ubl e anti oxi dants, such as ascorbyl palmtate, butyl ated

hydr oxyani sol e (BHA), butyl ated hydroxytol uene (BHT), |ecithin, propyl
gal | ate, al pha-tocopherol, and the like; and (3) netal chelating agents,
such as citric acid, ethylenediam ne tetraacetic acid (EDTA), sorbitol,
tartarlc aC|d phosphorlc aC|d and the I|ke 20Cbnp05|t|ons contalnlng a

o o o, o o Y T T



Enbodi ments of the invention include solid preparations adm nistrable by
the oral route, for instance coated and uncoated tablets, of soft and hard
gel ati n capoles3z4dgugar -coated pills, | ozenges, wafer skrestzs20ipebdoss s and
powders in seal ed packets or other containers. Medicinal preparations for
topi cal use can contain one or nore fornms of rifaximn together 25 with
usual excipients, such as white petrolatum white wax, |anoline and
derivatives thereof, stearylic al cohol, propylene glycol, sodiumlauryl
sulfate, ethers of fatty pol yoxyethyl ene al cohols, esters of fatty

pol yoxyet hyl ene aci ds, sorbitan nonostearate, glyceryl nonostearate,
propyl ene diigEd20ndapstamaXBPP, oysolay exf HYifamninglipaeting Copsysa}| B etrg-ups @ost-
hydr o . Qr I y i 1 hy.l € oY

ol i iR PR e A o RRETRLR e OBy LR
2011/ 133444PETVap8a0 dyir@3oa8%tal 1 (IncEpdtiou feeerimgpapifor)he i nvention relate to
all of the topigcal, preparatio for Lnstance oi.ntnents omades,. creans,
gel s and | 44Bnar noR! SRR Bk sl WPRIARE n bR T PREPEET 56 58
adfi nitsthoabmon Riapsn)l es receabll,ePiperapint,| 83 raeagéeRifapmiviRipsrazige aoulyesl and

t he Iikg%,.t-e actiﬁ. {ngredie t is typically mxed with one or nore 5
phar meeEGiReIneAzYe @Byé F&®arriers, such as sodiumcitrate or dical ci um
phosphat e, 1@ o0 @p¥isOfn Mwia? Qf IRAMaf Gipedirh) fof IRifa@fisin Opip€sEiBNURE SocSHER. as
starches, |actose, sucrose, glucose, mannitol, and/or silicic acid; (2)

bi nded§oMsi@ehtoagotieyy  &Kilarmin, at dpesovedmdlineyazinst 13| tseyeda|ftgih atigaa-Addsicht i n,
POl yVirkinhy i Rk d ARG erySHCK, RSExANEPRErBHAFAY bFshlyrect ants, such as

gl ycerol; (4) d|S|nted?at|ng agents, such as”agaf-agar, cal cium carbonate,
pdPat o or thagpiroghswwaraplexeraplgiynXRPdof Bifaximint: piperagin¢ ¢asased 1. and sodi um 10
carbonat e; Q). sQlut} ?Jh&%é%ﬁ'ﬁ@ﬂ f&gﬁﬂéﬁmm@gﬁ%ﬁ& E’&h?s%ﬂﬂ" p%@%@'?&ﬁé pl 1 on
accel erators; such as qua& rnary anmoni um ounds; wetting ageﬁﬁs,
such afowidreflexmnmpb@ed ac g yhit a1t din@hsiamochng ltycasighedrvpaesiredr @2 ; 1,(81)9).

absorbents, .such.as kaolin a ntonite .clay, (9) lubricants, suc

Cae oAl e f Bt d e A SREF AR b B it e st et R R e NG R e

sodi urpehiampyd inShiks ildh @, ar@M@ardlax b Uiked ald) &ee Ofgureliiof dQhratOlooydsitignagent s. I n
the case of capsules, tablets and pills, the pharmaceutical 15 conpositions

may al so cAigrs SeiSEUist by valBRER. peds PR EbpBatipsrenee weryaaklni | ar type
may al so be;gnPhPKetepRsdntdiiveli& Jrdbsefdd >ateD Palid 1éd kKBS Ak A CRPS 'S

usi ng such excipients as |actose or mlk sugars, as well as high nolecul ar
wei ghtl. pol yet hyl ene gl ycols and the |ike. A tabl et may be made by
conpr essi on; i i ' r . Ac TV ients.
Cormor ossed 1T 21 SuEdn o Rt et i S Dy R B AR AR LB, °C 20
hydr oxypr opgygurehstows @h lkexdnoday DV uturvesdint Rifaximirt pipkrhzisn¢ocrysrabser vat i ve,

di,si ntegra f xanpl odi ym star.ch gl ycolate or crqss-|i d..sodi um
c2Pboxy et M8 rEiGol RrefRatl S RIG-G iR st derie e g’

t abl etbsusmy PREDNBAScHMaIN pditIuV$ Bf d@e SithjlaMrédprely, sighildr @@iostiysel F ptdke at
powdered active ingredient noistened with an inert liquid diluent. The

t abl et’s, 24hd Bt her sol i d dosage forns of the pharmaceutical conpositions
described 39.0e5LisMn cRUENaFSrélbRSRES of RABSHIESperPlihd &cARG) @r anul es, may
optional |y be scored or prépared with coatings and shells, such as enteric
coat i ngs adiust Preis ap SANIMIRY sl Rdimiknpingrazine ¢aseysghdr maceut i cal - f ormul ati ng
art. They S :1.0. M or controlled

o case of e’ 4 fdS oh B TG AL rRp Rk iR R T o

hydr oxypr opyduredhisla lsedll akasel IRnpeaky fpr Rifaypmappiptiasing cécoyspr dvi de t he desired

rel ease profile,.other I r matrices,. J.j posones and/ or m.crospheres.
They 30may TBREI LR iy TRl KRR R 6 kg T

bact eri a-r gi@ire1i36§3 aflist bfatbser0ed Rymany@akPor Rifixighinperazine cocrystal 1.
2011/153444PCT/§§2011/03908 ]%%gr%ljzlng‘agents in the formof sterile
sol i d conpddsus oh’ AMrERPIRY t BUSHREPIPHadREr IS @At er, or some ot her
sterile injectable nmediuminmedi ately before use. These conpositions nay
al so optionally contain opacifying aggnts 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 5 delayed manner.
Exanpl es of enbeddi ng conpositions which can be used include polyneric
substances and waxes. The active ingredient can also be in

m cro-encapsul ated form if appropriate, with one or nore of the

above- descri bed exci pi ents. Li qui d dosage forns for ora

adm nistration of the rifaximn polynorph(s) and cocrystals include
pharmaceutical | y-accept abl e enul si ons, m croenul si ons, solutions,

suspensi ons, syrups and 10 elixirs. In addition to the active ingredient,

o T ] oy e o




Powders and sprays can contain, in addition to a rifaxi mn polynorph(s) and
cocrystal s, excipients such as lactose, talc, silicic acid, alum nium

hydr oxi dewocaliciss4msi | i cat es and pol yam de 15 powder, @cCTraszane®sdf t hese
substances. Sprays can additionally contain customary propellants, such as
chl or of | uor ohydr ocar bons and vol atil e unsubstituted hydrocarbons, such as

but ane and propane. The rifaximn polynorph(s) and cocrystals can be
alternatively adm ni stered by aerosol. This is acconplished by preparing an
aqueous aerosol, liposonmal preparation or solid particles containing the

compound. A non-aqueous (e.g., fluorocarbon propellant) suspension could be
used. Soni &igue 3hapan indsxieg spktipn d9reR EdmBeRiRUaEne pryysHl B nt hebex pltﬂsqa#g t he
agent .§i0wSheat qui@be?sBd 6 the uRR Ubit gi ngﬁ%raﬁtgitﬁé e@f\ fda 39& ?&{WE% #19 An
agqueous aerosol I's rmad e, for exanmpl e, by fornu &t ni agueous so ut|on or
suspen5|onPmﬂwth%ﬂagemnBﬁﬁﬁbbh@cdvmhpeﬁoﬁmdhﬁuumamqwnunwcomymal2

phar maceut iical | ysacge C rs d abilizers iers and

st abl | | zer SPC C XO 1S. acl}_slp fﬁoté%)se_réecﬁjl’dﬁiéﬁ n%ksr}OIf ﬁl%%mmm&l]gerazuile COCL (S)tﬁl{)%und bUt

typically IFﬁ@rdelsk&ep\t@ﬁbntmm tiststi obseted HRPIY ]Se\z&(e &, RiRIxihidaryi@Sazimr cocrystal

pol yet hyl ene gl ycol), innocuous proteins |like serumal bum n, sorbitan
ester& oleic acid, lecithin, amno acids such as glycine, buffers, salts,
sugars or suga 42kaa e%rﬁpla@@w ST GRROERY! of RifaRinfh: egefaeftetts&mtmszot oni ¢

sol utions. Transder mal patches have the added advant age of

provi di ng déare b1 sheds pentpr, MR e‘f?RléaXﬂmmaBtP%Zhnepf@FWot%h( s) and cocrystals to

the body. $%£9 @Pﬁ@ﬁ%x&ﬂ@%&lﬁ% e R G 4E R ¥midl! g%ﬁhﬁk%gm?&m%Qd'SPGrs'ng the
agent in the proper m~ AbsSor ption enhan rs can so be used to

i ABr ease t W@urm BON Db%W@Chﬁ@S@ﬁﬂm/IB@@@@%lf Rifipximin:friprsazaet Gogeysiahgr edi ent
across the f t t her

providi ng g@%f 46%%§€%%ﬁ@mﬁlh%%8g %ﬁgéﬁgéﬁFgﬁgﬁgqﬁﬁgt %Qa§¥?$% i ngredi ent
in a pol yn#Higunatdiix aolistgel observed anOphdrhatnntic Haptanupeaks GorsRifey@inopipdragmt s,
powder s, lutions and the like, are also contenplated as being within t he
scopeCB? Tﬁezlnventlon 5Phar maceuti cal conpositions suitable for

par ent er al F@«Tdm nigstst ad leRBmpRYy KR oS &18N6f @ﬁfamle pipefaaitc NEderR MY PSR S)
and cocrystals in conbination with one or nore arnaceutlcaIHX accept abl e

stléri [SEessdgt SFme toma@et&enoFoqtétﬁbhwe%}teseédl’matmel XRPIRp epaysis, (g i ons
or emyl&id9Raks, Amiblt & LdSypWdenLsanii Sheomay Jag fiecBps kit ‘B}c%@i ﬂeﬁl&so sihiff td €
i njectable sol utions or dlsperS|ons just prior to use, whi may contain
ant i oxpelssitlsl +padlf &r-9, “20at teek aist7atis RHs bioatl @sakahsieilary @n?@elrysttahb +pgrkral at i on
10|SOB%QIQM%k§Q‘%@@j@ﬁOOd of the intended recipient or suspending or
t hi ckenlng agent Exanpl es of suitabl e aqueous and non-aqueous
carriers mﬂhgmenﬁy1bemenpbdymwnenﬂmhmgphanwamemtmmbhmommp@smmlonmmmmcbﬁde
er ,,.et hano o yols (s s gl ycerol, propylene glycol, polyethylene
mﬁ@coﬂhpéﬁﬂnpﬁgr nﬁgomy%%aT able m xtures thereof, vegetable oils, such
as olive oitigur@na sdeseﬁﬂ@chatﬁﬂgﬁﬂin@ (RS t@filaiGhighaiasyedyhd Heedhersibli oper
fluidity can be maintained, for exanple, by the 15 use of coating
mat er FHREMISIGRR SAQ fpresi. B ?Pdlby t he mai ntenance of the required particle
e st ha1ASS1 GolRRRRSLANTyr AN il Wi pHELE ANt s. L These
conpositions®may al so contain adj UVant's suc as preservatives, wetting
agents, enuﬁgné51ﬂgmagmﬂgﬁmaﬁaldhﬁﬁﬁﬁ@tﬁ@nagents Prevention of the action

of nicroor&gnlsns may be ensured by the inclusion of various antibacteri al

ard anti f udgare éibewt*@ thqqff@%@t&tfﬁ‘ﬁ@ﬂfﬁ%ﬂ@ﬂbt?rmm chl or obut anol , phenol
sor bi c aci o

agents, sugﬁggggégg§}é%: 0 #unt g%%%gP%ﬁQ? %L&é%o}?)ﬁ#ﬂﬁﬁ&%%&gak
conposiiti lomsidity expasiae tuid)a'fterofwﬂgonged absorptl on of the injectable
pharnaceut ht a t he i nclusion of agents which
del ay abso ﬁ?F%%ggﬁ@ﬁf @“Q H’ E%%R%mgﬁﬂgﬁ%latln In some cases,
to prol ong Fifige &f §iRGl sotfverandﬂetgteslvte\veadaeﬁtﬁeaa%% to alter the absorption of
the 25 drug. This may be acconplished by the use of a |iquid suspension of
crystalline, salt or anorphous materigf having poor water solubility. The
rate of absorption of the drug may then depend on its rate of dissolution
which, in turn, may depend on crystal size and crystalline form

Al ternatively, delayed absorption of a drug formis acconplished by

di ssol ving or suspending the drug in an oil vehicle. Injectable depot forns
are made by form ng m croencapsule matrices of rifaximn 30pol ynorph(s) and
cocrystal s in biodegradabl e polyners such as pol yl acti de-pol ygl ycolide. WO
2011/ 153444PCT/ US2011/ 039085 Dependi ng on the ratio of drug to polyner, and
the nature of the particular polynmer enployed, the rate of drug rel ease can
be controlled Exanples of other blodegradable polyners |nclude
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In conbination therapy treatnent, both the conmpounds of this invention and
the other drug agent(s) are admnistered to mammals (e.g., humans, nale or
femal e) byoconvsststonal net hods. The agents may be adm RCItuse@d/oBs®m si ngl e
dosage formor in separate dosage forns. Effective anpbunts of the other

t herapeutic agents are well known to those skilled in the art. However, it
is well within 30the skilled artisan's purview to determ ne the other

t herapeutic agent's optiml effective-anount WO

2011/ 153444PCT/ US2011/ 039085 range. In one enbodi nent in which anot her
therapeutic agent is admnistered to an aninmal, the effective anbunt of the
conpound ofFigui¢ 8 iing dearsn piag of edaximiasiandagdsdp edipmyascigieohiter inpdias ovith e

ot her ,thefigpeuti c agent is not adm nistered. In another enbodinment, the
effective anount of the conventional agent is less than its effectlve
anount in dagee 591@8 e bnpron gloo bf tikaxsninriedaidem ssliyophésphdmibaifet wite d.450n
this %@1Um%%gm: %£%£9 eff C&%(%ISPCIated wi th high doses of either agent
may be m ni 7 A& ote 51005 vantages (including without limtation
i mpr oved ddapm@6@agmmﬁmﬂm@ndRmDpmﬁﬂmnmdwd@ugnemﬁtﬂoﬂmﬁmnbe%app@i@mbnbm
those k|II the art. In various enbodi nents, the therapies

(e.g. pﬁ (g1|@“8ﬁ t herapeutic agents) are admini stered | ess than 5

i nut es apfﬁgure l6@ Sshotv b aftieR g oo Sofamakitnin FoRAW. Emé-rﬂars Atlicabaut aflowQur
apart, 10 at about 1 to about 2 hours apart, at about hours to about 3

hour s TeffssHens basedgadh umt gedshimensipns B the 2ssmgd spage oup <%%121§b6ﬂ? -4 hours to
about 5 hoys,2paiHowsat r@é@etﬁov@dta%%sfot Be@bautinbioour s apart, at about 6
hours to about 7 hours a art t 7 hours to about 8 hours apart, at
adbut 8 hodﬁ$H¢63dm@uﬂmgunmaﬂbmabemmndXBPﬁhwth@Ohhmﬂs to about 10 hours
apart, at out 11 hours apart, at about 11 hours to
about 12 hod§Hé6}§¥$8H5$1&%Xﬁ? 12 hours to 18 hours apart, 18 hours to 24
hours 15 ap@gﬂe62@mh@ﬂh$mﬁ0mﬂ&nﬂ9uxauH@RPDpa@ﬁnhMHhs to 48 hours apart, 48
hours to 5ﬁ1h0u5€ &%,.52 .hours to 60 hours apart, 60 hours to 72 hours
apart, 81 ‘oUf'S"%part, 84 hours to 96 hours apart, or 96 hours
to 120 hOUl’ngL@@-B‘Y sholR YRI& patteesh EFHISGITERIrf, 0. tMOMAbp tFRoiN s flep&Sd Béieh
adm nistered within the same subject's visit. In certain enbodi nents, one
ol mo Ve Ferah e dlaxnef awhienyplofsEe ot her t herapies (e.g., 20 prophylactic or
therapeUt'9ﬁ§ﬂ@8$§9aﬁ&%ﬁ%u&ihﬁ%kM%1%9Hh&hﬁh@%ﬁge Q& i@ iR PYels Ry iy es
the adm nistration of a first therapy (e.g., a first prophylactic or

t her ap@agd ate agamtay aﬁ’@lﬂalaﬂcbébhw TabletZ4rfer aCfC@iIale&ﬂe@Slbyn& he admi ni stration of
a second t Yol o r therape t a
peri od of ?ﬁ%@?69 ﬁthdF%Xﬁ@ 3 (B’gph%hﬁﬁhn’gﬁﬁhﬁﬂtggglgﬁéq?ﬁgﬁp hO&Qf

t her apsfleceon. basqnqunpha/hramdllchmcnstdmeaapetatassagnagepwg gfoop (B2, per.i#dth). of t | me and

sq.forth, ar eati ng.thi s sequent| adm nj stration t he cycle
A00rder & HE ot HE HetsI SRR i b A cheRiseBRl 8F S EbEp 0Ly
to ave&@e@ﬁegeduce the side effects of one of the therapies, and/or to

i nprove the efficacy of the therapies. In _certain enbodi nents, the

admi ni st r a1 BC oF 1SR EX AR BB RaD ARG BaxipEarRl and t he

adm ni st r atpi QRS 7MY aP&eSHRA g&&%(ﬁﬁu@tsoffpﬁ@§ X RIPIS8Y i fafindA¥Srm 3. da¥s. op Hays,

10 days, 15 days, 30 days, s, 2 nonths, 75 days, 3 nonths, or at

I east belipmnbeisre Meisigreierptionbiduinmfnler moiaurasrpiigns@pEe Don 300f t he sanme
ﬁrapy (e.qg., prophylactic or therapeutic agent) other than a rifaximn

ol ynor ph may be WO 2011/ 153444PCT/ US2011/ 039085 repeated and the

adm niBTPALEDDRSYRBEIGNpar at ed by at | east 1 day, 2 days 3 days 5 days,

10 days, a 0.da 45 .days 75.days

Feast 6 monpntment o SRy HERiF AR B, BRRyry 3rary o dndBRt e P
tInESfmﬁQRﬁ&KaﬁﬁMEamiﬁawﬁi6ﬂ&o&ﬂ%ﬁh§hﬁﬁﬁ%kﬁﬂiﬂEﬂ@mﬁﬁMxﬂﬁh@nkmﬁmmﬁﬁ@ﬁaor

bet ween ab %t li hour_s tQ abgﬁ 7 g % Mhl|§¥a treatnent for 5 Cohn's
di sead® il PRI Btineeen Hatt da {1 EmAL B NPT HEC RODFRE RBHPT f or
hepat irffa:8RMGS ;Pbebﬁp@thyysmm @®aurdsor- 7%&9& GntitfiQc & RANEERHRH @RNG,NS the
subject's life span. A treatnent for |BS may be intermttent for weeks or
nonths at a tinme or for the remai nder of the subject's life. Article of
Manuf act ure 10Anot her enbodi nent includes articles of manufacture that
conprise, for exanple, a container holding a pharnmaceutical conposition
suitable for oral or topical admnistration of rifaximn in conbination
with printed | abeling instructions providing a discussion of when a
particul ar dosage form should be adm nistered with food and when it should
be taken on an enpty stomach. Exenpl ary dosage fornms and adm ni stration
protocols are described infra. The conposition will be 15 contained in any
SU|tabIe contalner capable of holdlng and dlspen5|ng the dosage forntand

. o "



15 Exanmple 1: FormK FormKis a variable solvate with unit cell
structure capabl e of expandi ng and/or shrinking to accommobdate different
anount s obol2PA/15B@mm Kappa (x) was obtai ned by di ssol vi rgTRS2omABPRR (a) in
i sopropanol at | oadings ranging fromb57 to 197 ng/nL foll owed by nechani cal
agitation. FormK is identified as a variable system of which the unit cell
paraneters may change via 20 expansion or contraction to acconmpdate the
sol vent. XRPD peak positions are a direct result of the unit cell
paranmeters, and therefore one single XRPD pattern may not be representative
of the crystal Form Miltiple XRPD patterns obtained on various sanples

s uggeé@anﬁ%ﬁ@lrea(’fr medjeinghirepargtions {4dhe exal eptopisal patekis copsaplaed. iHFmmgipsng

| ndexlyng0d Mk N 1eRE BRUATIGRIER of YRNERAGRE M bl RRRUBREL RIasy Of
Form K but do not necessarily |nd1| cate the uppe né ower imt of the

r ange.treRatehevith hgpi@s.shoul d be consi dered two di screte exanpl es of the
Form K seriagntRor 80ieh SANCHERMALILL OMARE 0K AgnS0h Uhans

i ndi cat es tRha%g "Eorm R rlr)ay %e abl' "6 actdimidat’e up to nof €40t flPA per
nobe ahving fh@xirottorchd$Fecnaal:t he voi d space within the unit cell. One sanple
contains two noles of IPA per nole of rifaximn and negligi bl e anount of
wat er by 1H NVR and Karl - Fi scgwr titration. Another sanple, with the unit

cell vol une being smaller by @About SA3 contains 0.4 nole of |PA per nole
of 30rifaximn and 0.76 wt % of waterf. WO 2011/153444PCT/US2011/039085
Preparati on an@ Drying “G1di Pre i rm K can be prepared from
i sopropanol (I RR, see Tablle v Tabl € Prgparation of Rifaximn FormK

XRPD result 108.5 0.55
ion/ RT Orange plates, B/E K

Ri faxi m n (ng)
Soni cat i on/t g3~ Or ange
93.6 0.5

o)

iti o Obseryation

. BLE Bu88 0.5%g0
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As used herein, “rifaximin Form kappa,” “Form kappa” “Form kappa of rifaximin,”

10 “polymorph kappa,” and “rifaximin kappa” and variations thereof 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, differential scanning calorimetry data. Form kappa comprises an x-ray

powder diffraction pattern peak positions listed in Table 2 and 3 below and in the Examples and
Figures.

3 &<

15 As used herein, “rifaximin Form theta,” “Form theta” “Form theta of rifaximin,” “polymorph
theta,” and “rifaximin theta” and variations thereof 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, differential scanning calorimetry data shown infra in the Tables, Examples and

Figures.
15



Stirring/ heat M xture of orange and red solid, B/Elc 56.5 1 Stirring/heat
Orange solid, B/E K 57.7 1 Stirring/ heat Orange solid, B/E K 24237.9 130
Stirring welzbowssahid K RT = room tenperature; heat =pegtUushatipbawse to 60
C while the actual tenperature of sanple may be |lower; bB = birefringent; E
= extinction. 10 | PA was added to rifaximn Forma at |oadings from
57 to 197 ng/nL. To facilitate the dissolution of solid, mechanical
agitation was applied either by sonication at roomtenperature or by
magnetic stirring at slightly elevated tenperature (e.g. , below 60 C).
Under both conditions, Form precipitated out fromthe isopropanol solution
and was suBSagekhrrel). rEpimeRiPyziveewtird il T ardirifeAminyreazipgeesE sl 25 aest ed
at amhenon@RRARE &R Rbd l?c}; Héonf%ﬂzeﬂﬂE cweriﬁalefﬁﬂﬁ thfa‘iﬂniﬂ nd %rtl{%?&@s{c}niﬂ%gﬁréig hy,

m cr oscope. Det al each periment are presente e 17 For
exanplfe;, cxanwls anploe myas pprke parad-bny dffdichgram, 5BfferentidpAcdnning @l@inahtyndaid al

ConF alsﬂcl)\{lllg in:ILI‘cE)1811’1 ﬁleniga(li%fs ,.Il!hzx%rm\r;)?le%'an@ Flgg%?eﬁs ouéthfgnt’hft %‘gcr?ﬁalﬂls maaS bg cr)er}:er.rel'l ((:I)Ih%]{:seﬁ’l ved
sol i ds wer e observed. e vial wa en soni tate n a sonrcati on ba at
ro6m 20tienpeingtipreincMotgstabl i ds crashed out after sonication and were

i sol ated by vacuumfiltration. 2011/ 153444PCT/ US2011/ 039085. Dryi ng, of
Form K can’/BéSgthirdfe e@mwﬁm@@ 1Sr‘i’C%FSE’F‘61§Ve‘b“géﬁ?§?‘FFéaﬁ Frep r‘?f%BXea‘PQEhe

ambi ebrnise BPIFALMIE 28l HAGRS WakdUReatondXDi ot 1iirY, e%&yrﬁ&&he&m@ ARUGRS .
Representative XRPD patterns of pre- and post-dryin orm K sanples are
shown 3Merioyy fasmy of fifpinairp dihisstdgpends RajicpnieFsnd el be slegs {p gsrahskillgn the
includgd in Table 2. 5 Table 2. Drying Experinments of Rifaximn FormK
Starting Material Sanple Size

10 As used herein, the term “about” when used in reference to x-ray powder diffraction pattern
peak positions refers to the inherent variability of the peaks depending on, for example, the
calibration of the equipment used, the process used to produce the polymorph, the age of the
crystallized material and the like, depending on the instrumentation used. In this case the measure
variability of the instrument was about +0.2 degrees 2-0. A person skilled in the art, having the

15  benefit of this disclosure, would understand the use of “about” in this context. The term “about” in
reference to other defined parameters, e.g., water content, C,.x, tuax, 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.

20 As used herein, “similar” in reference to a form exhibiting characteristics similar to, for
example, an XRPD, an IR, a Raman spectrum, a DSC, TGA, NMR, SSNMR, etc, indicates that the
polymorph or cocrystal is identifiable by that method and could range from similar to substantially
similar, so long as the material is identified by the method with variations expected by one of skill in
the art according to the experimental variations, including, for example, instruments used, time of

25 day, humidity, season, pressure, room temperature, etc.

Polymorphism, as used herein, refers to the occurrence of different crystalline forms of a
single compound in distinct hydrate status, e.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

30  polymorphic forms where each form has different and distinct physical properties, such as solubility
16



Condi tion' Qobservations' XRPD Resale K d 86 C Vacuum 2 h Red solid, B/E
Disordered I¢c 340.3 ng Vacuuml RT, - 8 h Red solid, partially BIE K 314.2
ng Vacuurw@ipiiusbuaRed solid, B/E K <314.2 ng Vacuuni RTPC4/Us261182985 st or age
| c + anmorph 610.5 ng Vacuum 40 C - 36 h Red solid, B/Elc + anmorph 454.7
ng P205/RT, 6 days Red solid, B/E K

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

10 Haleblian, J. Pharm. Sci., 64, 1269 (1975), all of which are incorporated herein by reference.

As used herein, “subject” includes organisms which are capable of suffering from a bowel
disorder or other disorder treatable by rifaximin or who could otherwise benefit from the
administration of a rifaximin as described herein, such as human and non-human animals. Preferred
human animals include human subjects. The term “non-human animals” of the invention includes all

15 vertebrates, e.g., mammals, e.g., rodents, e.g., mice, and non-mammals, such as non-human primates,
e.g., sheep, dog, cow, chickens, amphibians, reptiles, etc. Susceptible to a bowel disorder is meant to
include subjects at risk of developing a bowel disorder infection, e.g., subjects suffering from one or
more of an immune suppression, subjects that have been exposed to other subjects with a bacterial
infection, physicians, nurses, subjects traveling to remote areas known to harbor bacteria that causes

20  travelers’ diarrhea, subjects who drink amounts of alcohol that damage the liver, subjects with a
history of hepatic dysfunction, 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.

25 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

30 subject with such a bacterial infection beyond that expected in the absence of such treatment.
17



d P205/RT, 31 days + vacuum RT, 4 days K - d Undissolved solid in an |IPA
solution Red gel, and B/E particles K ad = days, h = hours, RT = room

t enper at we;20t1/B34a4bi refringent; E = extinction; ~ AnorpRCEUS201ap3R8Dr phous;
dPreci se sanpl e wei ght was not obtained. 10 Characterization The
materi al was anal yzed by x-ray powder diffractonetry (XRPD) and the
patterns were indexed. In addition, the material was characterized by
differential scanning calorinmetry (DSC), thernogravinetric analysis (TG,
dynam ¢ vapor sorption (DVS), Karl-Fischer titration (KF), 15sol ution
proton (1H) and solid-state (SS-) nucl ear magnetic resonance (NVR), and
at t enuat ed Rifsxiann caertset broad antibiccaiplar AT 1R) 2astieiniRelah rag eeipgdeciyed WO

2011/ %ﬁ 41?“33 %él%@&lja/ @30 Qﬁ.ﬁ e X% Ql(lurs]d(ﬁétlrﬁég (r{&ﬁﬁlrgvg)ﬂaeroblc streiﬂ%e IK'REP been

patte Form K sanpl es are shown in Figure Since FormKis a

var [ abd:r@rtsqrsltae mfaxithin if Clesradidrezediby t neeligibls tsy tianigrabsdrhiaan, rtaqltor laa@ehycaéxmhnd
contrac te vari us a S 0 solve e not ed

Chas CPREAS GRrPERATT AR SR Ul b A P RbuRdey Sty ot bRt RS AL

exanp |aﬁ&urﬁ§tnﬂloﬁ er hee&hpiolp&aéfs leny€lsn Phainava\Rehd 4¢3 h b bist, e(d9£bqy) For m K.

The list o eak posit for eachX D pattern of r|f imn For

conpar ed i& SEfaH & PPSY Sa VoSS SN PR TR 'taﬁ‘rﬁé}tleéalﬁﬁﬁc ﬁegqﬁ N0y @&b@d’fl%l y.
Obser v Hacddithl RERIhAED thd@@Kiokit Sk Sf parBedlfiGhivaade i N Table 3 and Tabl e 4.
Table 3. (pbserved Peaks for Rifaximn FormK (XRPD Files Figure 2 and

Fi gure 3) &0 dhispawe of mew aeeAdferspegsfound i the_sysiegis) absprpipn 9§ hygfprmpog27 -
15 63 Lifa:0ma $isdbscd héRid ﬁlaffl Be s1gﬁrfﬁZﬂt, bQadd at sub-inhibitory concentration of rifaximin,

10 such as in the range from 0.1 to 1 pug/ml, selection of resistant mutants has been demonstrated to be
possible (Marchese A. et _al. In vitro activity of rifaximin, metronidazole and vancomycin against
clostridium difficile and the rate of selection of spontaneously resistant mutants against
representative anaerobic and aerobic bacteria, including ammonia-producing  species.
Chemotherapy, 46(4), 253-266,(2000)).

15 Polymorphs of rifaximin have been found to have differing in vivo bioavailability properties.
Thus, the polymorphs disclosed herein would be useful in the preparation of pharmaceuticals with
different characteristics for the treatment of infections. This would allow generation of rifaximin
preparations that have significantly different levels of adsorption with C,,x values from about 0.0
ng/ml to 5.0 pug/ml. This leads to preparation of rifaximin compositions that are from negligibly to

20  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

25  subject undergoing treatment. Form of rifaximin may determine solubility, which may also
determine bioavailability.

The above-mentioned forms disclosed herein can be advantageously used as pure and
homogeneous products in the manufacture of medicinal preparations containing rifaximin.
For XRPD analysis, accuracy and precision associated with third party measurements on

30  independently prepared samples on different instruments may lead to variability which is greater than
18



13.713 0.439 - 13.245 0.409 100 (6.83 - 6.94) 0.20 12.942 0.390 -
12.736 0.377 65 - 46 (7.03 - 7.06) 0.20 12.574 0.368 - 12.525 0.365 23
- 12 (7.58020i/556444 0.20 11.764 0.321 - 11.695 0.317 BE6ETAUS3W1(0F2068 -
7.78) 0.20 11.508 0.307 - 11.369 0.300 50 - 58 (8.30 - 8.34) 0.20

10. 652 0.263 - 10.596 0.260 25 - 11 (8.87 - 9.06) 0.20 9.971 0.230 -
9.758 0.220 14 - 15 (9.80 - 9.90) 0.20 9.021 0.187 - 8.936 0.184 8 - 4
(10.31 - 10.35) 0.20 8.584 0.169 - 8.547 0.168 8 - 7 (10.39 - 10.78)
0.20 8.515 0.167 - 8.204 0.155 3 - 3 (11.39 - 11.85) 0.20 7.768 0.138 -

7466 0128 - 6 (12.74 - 11.95) 0.20
0.1° 20. For d-space listings, the wavélength used to calculate d-spacings was 1.541874 A, a

weighted average of the Cu-Kal and Cu-Koa2 wavelengths. Variability associated with d-spacing
estimates was calculated from the USP recommendation, at each d-spacing, and provided in the

respective data tables and peak lists.

Methods of Treatment

Provided herein are methods of treating, preventing, or alleviating bowel related disorders
comprising administering to a subject in need thereof an effective amount of one or more of the Form
kappa of rifaximin, the rifaximin:piperazine cocrystal 1 and/or the rifaximin:piperazine cocrystal 2.

10 Bowel related disorders include one or more of irritable bowel syndrome, diarrhea, microbe
associated diarrhea, Clostridium difficile associated diarrhea, travelers’ diarrhea, small intestinal
bacterial overgrowth, Crohn’s disease, diverticular disease, chronic pancreatitis, pancreatic
insufficiency, enteritis, colitis, hepatic encephalopathy, minimal hepatic encephalopathy or pouchitis.
Topical skin infections and vaginal infections may also be treated with the rifaximin forms described

15 herein.

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

20  infra. The polymorphs and cocrystals described herein may also be used to treat or prevent 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

25  subject method are appreciated in the medical arts, such as family history, travel history and expected
travel plans, the presence of risk factors associated with the development of that disease state in the
subject. A clinician skilled in the art can readily identify such candidate subjects, by the use of, for
example, clinical tests, physical examination and medical/family/travel history.

In yet another aspect, a method of treating a subject suffering from or susceptible to a bowel

30  disorder comprises administering to a subject in need thereof a therapeutically effective amount of
19



7.536 0.130 - 7.404 0.126 10 - 10 (11.86 - 12.02) 0.20 7.462 0.128 -
7.362 0.124 7 - 12 (12.06 - 12.41) 0.20 7.339 0.123 - 7.135 0.116 4 -2
(12.60- 1ROGHY1/1564420 7.028 0.113 - 6.976 0.111 7 - 6 ELZABBH/NIBSHA)

.20 6.830 0.107 - 6.789 0.105 5 - 10 (13.23 - 13.42) 0.20 6.692 0.102
6.596 0.099 5 - 14 (13.35 - 13.34) 0.20 6.634 0.100 - 6.637 0.101 6 -
(13.70 - 13.91) 0.20 6.465 0.095 - 6.367 0.092 6 - 4 (13.80 - 13.86)
20 6.418 0.094 - 6.390 0.093 4 - 4 (14.10 - 14.16) 0.20 6.282 0.090 -
255 0.089 10 - 6 (14.13 - 14.34) 0.20 6.267 0.090 - 6.175 0.087 10 -
(14.42 - 14.73) 0.20

one or more rifaximin polymorphs and co-crystals described herein, to thereby treat the subject.

roOOWO!' O

Upon identification of a subject suffering from or susceptible to a bowel disorder, for example, IBS,

one or more rifaximin polymorphs and/or cocrystals are administered.

5 Pharmaceutical Preparations
Embodiments also provide pharmaceutical compositions, comprising an effective amount of
one or more rifaximin polymorphs and co-crystals described herein (e.g., described herein and a
pharmaceutically acceptable carrier. In a further embodiment, the effective amount is effective to
treat a bacterial infection, e.g., small intestinal bacterial overgrowth, Crohn’s disease, hepatic
10 encephalopathy, antibiotic associated colitis, and/or diverticular disease. Embodiments also provide
pharmaceutical compositions, comprising an effective amount of one or more rifaximin polymorphs
described herein in combination with one or more previously known polymorphs of rifaximin (e.g.,
alpha, beta, gamma, delta, epsilon, iota, zeta, eta and amorphous).
For examples of the use of rifaximin to treat Travelers’ diarrhea, see Infante RM, Ericsson
15  CD, Zhi-Dong J, Ke S, Steffen R, Riopel L, Sack DA, DuPont, HL.. Enteroaggregative Escherichia
coli Diarrhea in Travelers: Response to Rifaximin Therapy. Clinical Gastroenterology and
Hepatology. 2004;2:135-138; and Steffen R, M.D., Sack DA, M.D., Riopel L, Ph.D., Zhi-Dong J,
Ph.D., Sturchler M, M.D., Ericsson CD, M.D., Lowe B, M.Phil., Waiyaki P, Ph.D., White M, Ph.D.,
DuPont HL, M.D. Therapy of Travelers’ Diarrhea With Rifaximin on Various Continents. The
20  American Journal of Gastroenterology. May 2003, Volume 98, Number 5, all of which are
incorporated herein by reference in their entirety. Examples of treating hepatic encephalopathy with
rifaximin see, for example, N. Engl J Med. 2010 362 1071-1081.
Embodiments also provide pharmaceutical compositions comprising one or more of the Form
kappa of rifaximin, the rifaximin:piperazine cocrystal 1 and/or the rifaximin:piperazine cocrystal 2
25  and a pharmaceutically acceptable carrier. That is, formulations may contain only one polymorph or
cocrystal or may contain a mixture of more than one polymorph or cocrystal. 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

30  agent, lubricating agent, disintegrating agent, coloring agent, flavoring agent or sweetening agent.
20
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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.

5 In an embodiment, the rifaximin polymorph is administered to the subject using a
pharmaceutically-acceptable formulation, e.g., a pharmaceutically-acceptable formulation that
provides sustained delivery of the rifaximin polymorph to a subject for at least 12 hours, 24 hours, 36
hours, 48 hours, one week, two weeks, three weeks, or four weeks after the pharmaceutically-
acceptable formulation is administered to the subject.

10 In certain embodiments, these pharmaceutical compositions are suitable for topical or oral
administration to a subject. In other embodiments, as described in detail below, the pharmaceutical
compositions of the present invention may be specially formulated for administration in solid or
liquid form, including those adapted for the following: (1) oral administration, for example, drenches
(aqueous or non-aqueous solutions or suspensions), tablets, boluses, powders, granules, pastes; (2)

15  parenteral administration, for example, by subcutaneous, intramuscular or intravenous injection as,
for example, a sterile solution or suspension; (3) topical application, for example, as a cream,
ointment or spray applied to the skin; (4) intravaginally or intrarectally, for example, as a pessary,
cream or foam; or (5) aerosol, for example, as an aqueous aerosol, liposomal preparation or solid
particles containing the compound.

20 The phrase “pharmaceutically acceptable” refers to those rifaximin polymorphs and
cocrystals 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.

25 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

30  subject. Some examples of materials which can serve as pharmaceutically-acceptable carriers
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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 cellulose, ethyl cellulose and
cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa
butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
5 olive oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide;
(15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances employed

10 in pharmaceutical formulations.

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

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble

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

20 Compositions containing a rifaximin forms disclosed herein include those suitable for oral,
nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol and/or parenteral
administration. The compositions may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient which
can be combined with a carrier material to produce a single dosage form will vary depending upon

25  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 80 %, or from about 10 % to about 60 %.
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Methods of preparing these compositions include the step of bringing into association a
rifaximin polymorph(s) and cocrystals with the carrier and, optionally, one or more accessory
ingredients. In general, the formulations are prepared by uniformly and intimately bringing into
association a rifaximin polymorph with liquid carriers, or finely divided solid carriers, or both, and

S then, if necessary, shaping the product.

Compositions suitable for oral administration may be in the form of capsules, cachets, pills,
tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth), powders,
granules, or as a solution or a suspension in an aqueous or non-aqueous liquid, or as an oil-in-water
or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as

10 gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each containing a
predetermined amount of a rifaximin polymorph(s) and cocrystals as an active ingredient. A
compound may also be administered as a bolus, electuary or paste.

The forms of rifaximin disclosed herein can be advantageously used in the production of
medicinal preparations having antibiotic activity, containing rifaximin, for both oral and topical use.

15  The medicinal preparations for oral use will contain one or more forms of rifaximin 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,

20  celluloses, alginates, gums and reticulated polymers; coloring, flavoring 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,
walfer sheets, pellets and powders in sealed packets or other containers.

Medicinal preparations for topical use can contain one or more forms of rifaximin together

25 with usual excipients, such as white petrolatum, white wax, lanoline and derivatives thereof, stearylic
alcohol, propylene glycol, sodium lauryl sulfate, ethers of fatty polyoxyethylene alcohols, esters of
fatty polyoxyethylene acids, sorbitan monostearate, glyceryl monostearate, propylene glycol
monostearate, polyethylene glycols, methylcellulose, hydroxymethyl propylcellulose, sodium

carboxymethylcellulose, colloidal aluminium and magnesium silicate, sodium alginate.
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Embodiments of the invention relate to all of the topical preparations, for instance ointments,
pomades, creams, gels and lotions.
In solid dosage forms of rifaximin for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the active ingredient is typically mixed with one or more
5 pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or any of
the following: (1) fillers or extenders, such as starches, lactose, sucrose, glucose, mannitol, and/or
silicic acid; (2) binders, such as, for example, carboxymethylcellulose, alginates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such
as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
10 carbonate; (5) solution retarding agents, such as paraffin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents, such as, for example, acetyl alcohol and
glycerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures
thereof; and (10) coloring agents. In the case of capsules, tablets and pills, the pharmaceutical
15  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
20  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.
The tablets, and other solid dosage forms of the pharmaceutical compositions described
25  herein, such as dragees, capsules, pills and granules, may optionally be scored or prepared with
coatings and shells, such as enteric coatings and other coatings well known in the pharmaceutical-
formulating art. They may also be formulated so as to provide slow or controlled release of the active
ingredient therein using, for example, hydroxypropylmethyl cellulose in varying proportions to
provide the desired release profile, other polymer matrices, liposomes and/or microspheres. They

30  may be sterilized by, for example, filtration through a bacteria-retaining filter, or by incorporating
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sterilizing agents in the form of sterile solid compositions which can be dissolved in sterile water, or
some other sterile injectable medium immediately before use. These compositions may also
optionally contain opacifying agents and may be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain portion of the gastrointestinal tract, optionally, in a

5 delayed manner. Examples of embedding compositions which can be used include polymeric
substances and waxes. The active ingredient can also be in micro-encapsulated form, if appropriate,
with one or more of the above-described excipients.

Liquid dosage forms for oral administration of the rifaximin polymorph(s) and cocrystals
include pharmaceutically-acceptable emulsions, microemulsions, solutions, suspensions, syrups and

10 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

15 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) and cocrystals may contain

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

Pharmaceutical compositions for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing one or more rifaximin polymorph(s) and cocrystals

25  with one or more suitable nonirritating excipients or carriers comprising, for example, cocoa butter,
polyethylene glycol, a suppository wax or a salicylate, and which is solid at room temperature, but
liquid at body temperature and, therefore, will melt in the rectum or vaginal cavity and release the

active agent.
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10 cocrystals, 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) and cocrystals,
excipients such as lactose, talc, silicic acid, aluminium hydroxide, calcium silicates and polyamide

15  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) and cocrystals can be alternatively administered by aerosol. This
is accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles containing
the compound. A non-aqueous (e.g., fluorocarbon propellant) suspension could be used. Sonic

20  nebulizers are preferred because they minimize exposing the agent to shear, which can result in
degradation of the compound.

An aqueous aerosol is made, for example, by formulating an aqueous solution or suspension
of the agent together with conventional pharmaceutically-acceptable carriers and stabilizers. The
carriers and stabilizers vary with the requirements of the particular compound, but typically include

25  non-ionic surfactants (Tweens, Pluronics, or polyethylene glycol), innocuous proteins like serum
albumin, sorbitan esters, oleic acid, lecithin, amino acids such as glycine, buffers, salts, sugars or
sugar alcohols. Aerosols generally are prepared from isotonic solutions.

Transdermal patches have the added advantage of providing controlled delivery of a
rifaximin polymorph(s) and cocrystals to the body. Such dosage forms can be made by dissolving or

30  dispersing the agent in the proper medium. Absorption enhancers can also be used to increase the
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flux of the active ingredient across the skin. The rate of such flux can be controlled by either
providing a rate controlling membrane or dispersing the active ingredient in a polymer matrix or gel.

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

5 Pharmaceutical compositions suitable for parenteral administration may comprise one or
more rifaximin polymorph(s) and cocrystals 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

10 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

15 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,

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

In some cases, to prolong the effect of a drug, it is desirable to alter the absorption of the

25  drug. This may be accomplished by the use of a liquid suspension of crystalline, salt or amorphous
material having poor water solubility. The rate of absorption of the drug may then depend on its rate
of dissolution which, in turn, may depend on crystal size and crystalline form. Alternatively, delayed
absorption of a drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of rifaximin

30  polymorph(s) and cocrystals in biodegradable polymers such as polylactide-polyglycolide.
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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

15  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. Other doses include, for example, 600mg/day, 1100mg/day and 1650mg/day.
Other exemplary doses include, for example, 1000mg/day, 1500mg/day, from between 500mg to
about 1800mg/day or any value in-between.

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

25  example, doses may range from 50mg to about 2000mg/day.

In combination therapy treatment, both the compounds of this invention and the other drug
agent(s) are administered to mammals (e.g., humans, male or female) by conventional methods. The
agents may be administered in a single dosage form or in separate dosage forms. Effective amounts
of the other therapeutic agents are well known to those skilled in the art. However, it is well within

30  the skilled artisan’s purview to determine the other therapeutic agent’s optimal effective-amount
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effective amount of the compound of this invention is less than its effective amount in case the other
therapeutic agent is not administered. In another embodiment, the effective amount of the
conventional agent is less than its effective amount in case the compound of this invention is not
administered. In this way, undesired side effects associated with high doses of either agent may be
minimized. Other potential advantages (including without limitation improved dosing regimens
and/or reduced drug cost) will be apparent to those skilled in the art.

In various embodiments, the 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.

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

In certain embodiments, the administration of the same compounds may be repeated and the
administrations may be separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days, 30 days,
45 days, 2 months, 75 days, 3 months, or at least 6 months. In other embodiments, the administration

of the same therapy (e.g., prophylactic or therapeutic agent) other than a rifaximin polymorph may be
29
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0.1% wt | oss upon equilibration at 5% RH 7. 7% w gain from 5% 95% RH 11. 0%
wt | ost from 95% 5% RH Post-MB XRPD Di sordered I ¢ Both XRPD patterns

di scussedwahoueissapr esent a singl e phase of rifaxi mn, @esiuspatmshodas 5 Form
K. Because FormK is a variable solvate, the unit cell paraneters may
change vi a expansion or contraction to accomodate the sol vent. XRPD peak
positions are a direct result of the unit cell parameters, and therefore
one single XRPD pattern will not be representative of the crystal Form but
nmerely a snapshot of the formin one position and can still be used to
identify the form Thus, if a material is found to have the sane XRPD
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The 5 absence of a sharp nmelt endothermin the DSC t hernogram further

suggests that Form K may be a nonstoichionetric solvate. Loss of
bi r ef r{ NYERERINESRRSer ved from approxi mately 102C in hot-stage m croscope,
and flow was noted above approxi mately 213C (Figure 8, Table 6).

M:bet ure s %rﬁ)tﬂef)&ng&ﬁ@elgt(}ficlﬁdeg %fc Al Elg Jﬁéﬁu@rﬂﬁlt %&ﬁ%‘\%r Ry EJ( lée a%ontAﬁller

inrtial weight [oss 7.5% was o serve upon equi atlo '5% RH. The
mat er ihaldirex hiphamedewicdl 6% pwitghtsugaile 6 ol 5r 1@itad aQ@%lﬂatlamwf aifagssnve ght

|l oss from95 to.5% The overal | | gss._ i s.approxi nmatel.y 14, 9%
i on < 80T 8 o A8 HRhBktopt Buon RRecbiy AR ST bR ol oo
pat t efornofshéhe t&paﬁmﬂﬁmrqaloszﬁth b tantl ews@y ptt s}m)nld( Ee gikte@ di))ani digptg ast@sachhe

material is disordered ed. vi sual | th e of br.oadened
refl e@?‘F‘B‘HﬁbVe%\%ége (SR ﬁ‘&df %Jé%’g“%’é‘éir?tﬁ%"lyi dﬁ%%‘?’ ‘gi‘& Sﬁwﬁ&mpf{smon Wil be
Addi t icomained MahRCEfab abh@mer adpablk off HoRSA f sy ik nSiagPhceSos@de fokthamtl WmcHor m
K are presented in Figure 11 to Figure 1 and are sunmarlzed in Table 7
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Another aspect is an article of manufacture that comprises a container containing a
pharmaceutical composition comprising rifaximin wherein the container holds preferably rifaximin
25  composition in unit dosage form and is associated with printed labeling instructions advising of the
differing absorption when the pharmaceutical composition is taken with and without food.
Packaged compositions are also provided, and may comprise a therapeutically effective

amount of rifaximin. Rifaximin and a pharmaceutically acceptable carrier or diluent, wherein the
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WO 2011/ 153444PCT/ US2011/ 039085 speci nen post-noi sture sorption Figure 16
indicates the material is disordered as judged visually by the presence of
br oadenedwoeblieissi4an peaks and i ncreased baseli ne. PCFarsmoikapmas (10 was
obt ai ned by di ssol ving Form Al pha (a) in isopropanol at |oadings ranging
fromb57 to 197 ng/nL foll owed by nechanical agitation. 5FormKis
identified as a vari abl e system of which the unit cell paraneters may
change via expansion or contraction to accommodate the solvent. Miltiple
XRPD patterns obtained on various sanpl es suggest that a range exist for
the reflection peaks observed in Form K. |ndexing sol utions were obtained
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20 Abbreviation (in comments) Meaning LPLid perforated with a | aser pinhole
HSLid hernetically sealed HSLPLid hernetically sealed and perforated with a
| aser pi Mwol2e110ls84d4cri nped 25NCLi d not crinped 2. DynamPCTN&pan/08m8Ht i on
(DVS) Aut omat ed vapor sorption (VS) data were collected on a VTI
SGA- 100 Vapor Sorption Analyzer. NaCl and PVP were used as calibration
standards. Sanples were not dried prior to 30analysis. Sorption and
desorption data were collected over a range fromb5 to 95% RH at 10% RH WO
2011/ 153444PCT/ US2011/ 039085 i ncrenments under a nitrogen purge. The
equilibriumcriterion used for analysis was | ess than 0.0100% wei ght change
in 5 mnutes with a maxi mum equilibration tinme of 3 hours. Data were not
corre @galfa?irontalﬁﬂHIgﬂjiﬁ% udi®i sture content of the sanples. 5 3. Hot-Stage
M cr oscopy t" stage m croscopy was performed using a Li nkam hot

st age Rrepafatiod0) with a TMS93 controller nounted on a Leica DM LP

m croscope equi pped w.th .a SPOT | nsi ght color digital canmera. Tenperature
cal i b?gfrﬁﬂfﬁén&%ﬁ)%p?f% 8@&?@@&?%&%3&%%%? g poi nt standards. Sanples were
pl gced on a cover glass, and a second cover glass was placed on top of the
sanple. As the stage was 10 heated, each sanple was visually observed

usi ng Zablexo Preparation oh Rifgsimindtpran Kt ance obj ective with crossed pol ari zers
and a first order red conpensator. lnmages were captured using SPOT software
(v. 4.5.9). 4. |nf|lrRifaximiBgetRA qsc L1 R) R.s tr XR®re acquired on
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B
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(ThunderdonmeTm THerno Spegctra-|{Tech), w thMaxgeomani um (CGe) 20 crystal was
used for data acqyi sidBicon.| Bach Sipegiteam | epfigsadtsl 256« co- added scans
collected at a spgctral regsol utlion of 4 cmdidABlackground |[data set was
acquired with a clljea grystgl.. A Log 1| Brdpf seliief | ect ance) spectrum was
obt ai ned by taki ng aq"lﬁgtei g of tkﬁé‘gé“ghﬁgt dapa& sets agai nst feach other. 5.
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pr§-dri ed vial. The pentyibrle sgl ut{nggn was added to the KF coul oneter thr ough
al eptum and m xed for 10 seconds. The sanple was then WO
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The solid-state 13C cross pol arization magi c angl e spinning (CP/ MAS) NWR
spectra were acquired at anbient tenperature on a Varian uN TY/ NOVA- 400

spect r omeweno(iss4mr frequenci es:

13C = 100. 542 Mz,

1HPETAS017 89084z ) .

The

sanpl e was packed into a 4 mMm PENCIL type zirconia rotor and rotated at 12

kHz at the magic angle.

The data acquisition parameters are displayed in
the 25 first plot of the spectrumin the Data section of this report.
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and diffracted beans were used to mnin ze broadening from axial

di ver gence.

Cocrystal s

10) .

Tabl e 9: Cocrystal

Diffraction patterns were;g
position-sensitive detector (X Celerator)
and Data Col |l ector software v.

ol l ected using a scanning
| ocated 240 mm from t he speci nen
2.2b. 15 Exanple 2: Rifaxi m n:Piperazine

Soller slits for the incident

Bot h rifaxi m n: pi perazine cocrystals were isolated only
fromacetonitrile-containing solvent systens and occur in a 2:1
rifaxi mn:piperazine stoichionetric ratio by proton NVR (Table 9 and Tabl e

Sol vent System Conditions Habit/Description

Screen with Pi perazi ne Cof or ner

Mol ar

Rat i oa



XRPD Result piperazine -6:1 ACN added 1 nL of ACN orange solids cocrystal

vacuum dry 3838- 21-02, RT, 1 day orange solids simlar to cocrystal 1 +
peak at -Wo 2020534441 ACN m |l at 30 Hz, 10 min. total oramgs2&i0l08wss| ow
crystalline O 1:1 ACN SE orange solids, birefringent cocrystal 1 +
cocrystal 2

XRPD Indexing (non-GMP)

The XRPD patterns of two Form « samples are shown in Figure 1. Since Form k is a variable
system with flexible unit cell structure that may readily expand or contract to accommodate various
amounts of solvent, it should be noted that the illustrated patterns are only representations of two

5 discrete examples of a series of peak ranges that may be exhibited by Form «.

The list of peak positions for each XRPD pattern of rifaximin Form k compared in Figure 1
are presented in Figure 2 and Figure 3, respectively. Observed and prominent peak lists are included
in Table 3 and Table 4.
10

Table 3. Observed Peaks for Rifaximin Form k (XRPD Files Figure 2 and Figure
3)

20 d space (104)
(5.41-5.65)+0.20
(6.45 - 6.67) £0.20
(6.83-6.94) +0.20
(7.03 - 7.06) = 0.20
(7.52-7.56) +0.20
(7.68 -7.78) +0.20
(8.30-8.34) £0.20
(8.87-9.06) +0.20
(9.80 -9.90) £0.20

Intensity (%)
16.337 £0.627 - 15.631 £0.573 | 24 -26

13.713 £ 0.439 - 13.245 £ 0.409 | 100

12.942 £ 0.390 - 12.736 £0.377 | 65-46

12.574 £ 0.368 - 12.525 £0.365 |23-12

11.764 £0.321 -11.695 £0.317 | 36 - 31

11.508 £0.307 - 11.369 £0.300 | 50-58

10.652 £0.263 - 10.596 £ 0.260 | 25-11

9971 £0.230-9.758 £0.220 14 - 15

9.021 £0.187-8.936+0.184 -4

(10.31-10.35) £0.20 | 8.584 +0.169 - 8.547 +(.168 8-7
(10.39-10.78) £0.20 | 8.515+0.167 - 8.204 £ 0.155 3-3
(11.39-11.85)+0.20 | 7.768 +0.138 - 7.466 £ ().128 4-6
(11.74-11.95)+0.20 | 7.536 +0.130 - 7.404 + 0.126 10 - 10
(11.86-12.02) £0.20 | 7.462 £0.128 - 7.362 £ (0.124 7-12
(12.06-12.41)+0.20 | 7.339+0.123 -7.135 £ 0.116 4-2
(12.60-12.69) £0.20 | 7.028 £0.113 - 6.976 £0.111 7-6

(12.96 - 13.04) £ 0.20

6.830 £ 0.107 - 6.789 £ 0.105

(13.23-13.42) £ 0.20

6.692 +0.102 - 6.596 + 0.099

(13.35-13.349)+0.20

6.634 £ 0.100 - 6.637 + 0.101

(13.70-13.91) £ 0.20

6.465 = 0.095 - 6.367 £ 0.092

(13.80 - 13.86) £ 0.20

6.418 +£0.094 - 6.390 + 0.093

(14.10 - 14.16) £ 0.20 | 6.282 + 0.090 - 6.255 + 0.089

(14.13 -14.34) £ 0.20 | 6.267 +0.090 - 6.175 + 0.087 10-4
(14.42-14.73) £0.20 | 6.144 £ 0.086 - 6.015 = 0.082 13
(14.70 - 15.38) £ 0.20 | 6.026 + 0.083 - 5.761 £ 0.075 3-7
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1:1 acetone refrigerator
dark orange,

aggregates and tiny particles,
di sorder entp 281vsBatti vel y i ntense | ow angl e peaks pi per arCmars2011/034085 dr y
under reduced pressure -7 mn.
tiny particles,

not birefringent cocrystal

1 day dark red solution

dry solid; bright orange,

solid coating bottom
partially birefringent

aggr egat es and
1 piperazine 2:1 acetone VD w

ACN, 1 day solid present; dark orange, norphol ogy unknown and smal
smal | plates, birefringent; aggregates, not birefringent cocrystal
DCM
(15.14 - 15.55) £ 0.20 | 5.854 £ 0.078 - 5.700 + 0.074 21 -24
(15.42 - 15.58) £0.20 | 5.747 £0.075 - 5.688 £ 0.074 22 -28
(15.69 - 15.80) £ 0.20 | 5.649 £0.073 - 5.610 £ 0.071 8-5
(15.94-16.57) £ 0.20 | 5.561 £0.070 - 5.351 + 0.065 5-7
(16.31-16.75) £ 0.20 | 5.436 £ 0.067 - 5.293 + 0.064 9-11
(16.66 - 16.75) £ 0.20 | 5.323 £ 0.064 - 5.293 + 0.064 9-11
(17.04 - 17.08) £ 0.20 | 5.203 £0.061 - 5.190 + 0.061 9-4
(17.34-17.50) £ 0.20 | 5.114 £ 0.059 - 5.067 £ 0.058 7-6
(17.53-17.95)+£0.20 | 5.061 £0.058 - 4.941 + 0.055 7-5
(17.76 - 18.39) £ 0.20 | 4.994 £ 0.056 - 4.825 + 0.053 4-5
(18.03 - 18.19) £ 0.20 | 4.921 £0.055 - 4.878 + 0.054 4-4
(18.46 - 18.61) £ 0.20 | 4.806 £0.052 - 4.769 + 0.051 46 - 14
(18.68 -18.91) £ 0.20 | 4.751 £0.051 - 4.694 + 0.050 5-4
(18.95 - 19.06) £ 0.20 | 4.684 +£0.050 - 4.657 + 0.049 6-5
(19.20 - 19.31) £ 0.20 | 4.624 £0.048 - 4.597 £ 0.048 11-7
(19.45 - 19.54) £ 0.20 | 4.565 £0.047 - 4.543 + 0.047 10-3
(19.68 -19.93) £ 0.20 | 4.511 £0.046 - 4.456 £ 0.045 18-9
(19.91 - 20.66) +£ 0.20 | 4.458 £ 0.045 - 4.299 + 0.042 9-9
Table 4. Observable Peaks for Rifaximin Form k (XRPD Files Figure 2 and
Figure 3)
°20 d space (A) Intensity (%)
(5.41 - 5.65) £0.20 16.337 +£0.627 - 15.631 £ 0.573 24 -26
(6.45 - 6.67) £0.20 13.713 £ 0.439 - 13.245 + 0.409 100
(6.83 - 6.94) £ 0.20 12.942 +(0.390 - 12.736 = 0.377 65 - 46
(7.52 -7.56) £0.20 11.764 +£0.321 - 11.695 £ 0.317 36-31
(7.68 - 7.78) £ 0.20 11.508 +0.307 - 11.369 + 0.300 50 - 58
(8.30 - 8.34) £ 0.20 10.652 +0.263 - 10.596 + 0.260 25-11
(18.46 - 18.61) £ 0.20 | 4.806 +0.052 - 4.769 £ 0.051 46 - 14
5

The XRPD patterns of rifaximin Form « were indexed using proprietary SSCI software and
are illustrated in Figure 4 and Figure 5. Indexing is the process of determining the size and shape of
the unit cell given the peak positions in a diffraction pattern. The term gets its name from the
assignment of Miller index labels to individual peaks. For most applications, the index labels are less

10 important than are the unit cell length and angle parameters that provide the link between unit cell
properties and the diffraction pattern. The indexed solutions were verified and illustrated using

CheckCell version 11/01/04.
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VD w ACN, 4 days dry solid; reddish-brown, irregular particles and
aggregates, birefringent (possible single crystals) cocrystal 2 2:1 DCM VD
w  ACN, 3woaysl/t3samn, spherulites of tiny needl es and i Pcegiskan/opdoas es,
aggregates, birefringent; (nmaybe single crystals) cocrystal 1 + cocrystal 2
2:1 DCM seeded wrifaximn, VD w ACN, 3 days brown, aggregates,
birefringent at edge (no single crystals) cocrystal 2 5:1 ACN, scal e-up
dry under reduced pressure -6 mn. orange, aggregates and tiny particles,
partially

Agreement between the allowed peak positions, marked with bars in Figure 4 and Figure 5,
and the observed peaks indicates a consistent unit cell determination. Successful indexing of the
pattern indicates that each sample is composed primarily of a single crystalline phase. Space groups
consistent with the assigned extinction symbol, unit cell parameters, and derived quantities are

5  tabulated in Table _5. To confirm the indexing solution, the molecular packing motifs within the

crystallographic unit cells must be determined. No attempts at molecular packing were performed.

Table 5. Tentative Indexing Solutions and Derived Quantities of Rifaximin Form «

Form / Pattern Form x Form « (post-drying)
Family and Monoclinic Monoclinic
Space Group P2, (#4) P2, (#4)
YAV A 274 2/4
a(A) 13.390 13.324
b (A) 25.140 24.978
¢ (A) 16918 16.331
0. (deg) 90 90
B (deg) 105.19 107.15
7 (deg) 90 90
Volume (A%/cell) 5496.0 5193.4
V/Z (A¥/formula unit) 1374.0 1298.4
s a Cy3Hs51 N0y, - xC3HO CysHsi N0y - xCHO
Assumed Composition 0<x<4 0<x<3
Density (g/cm®)? 095<y<1.24 1.01<y<1.24
Weight Fraction Solvent (%)? 0<z<234 0<z<18.6
Density and weight fraction solvent based on the assumed composition.
10 ¢

The volume of rifaximin (1027 A*/molecule) was derived from a previous rifaximin
hydrate structure. Assuming two independent rifaximin molecules in the asymmetric unit, there
is sufficient volume remaining for up to four molecules of IPA per molecule of rifaximin from

15  the indexing solution . Density and solvent values calculated in Table 5. Table 5 are listed with
a range of zero to four molecules of IPA per molecule of rifaximin. A second XRPD pattern of

Form x was also indexed with a volume per formula unit of 1295 A%, and up to 3 moles of IPA
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birefringent cocrystal 1 (Panalytical) 5:1 ACN, scal e-up dry under reduced
pressure - 8 m n. orange, tiny particles and aggregates, partially

bi ref ri ngeot2otioise4agt al 1 (Panal ytical) WO 2011/ 153444PEThuS2a1059H89085
Tabl e 10: Characterization of Rifaximn:Piperazine Cocrystal Sanple Source
Techni que Anal ysis/Result sanple 1, XRPD cocrystal 2 DS broad endo 116,
possible small exo 159 or small endo 170 TGAb 8. 35% wei ght [ oss from 25 -
190 C 1H NWR 2:1 rifaximn:piperazine ratio, possible acetonitrile present
sanmple 2,

per rifaximin are possible in the available volume. Analysis of Form k samples by KF and 'H-
NMR shows that a sample with similar XRPD pattern contains negligible amount of water and
approximately 2 moles of IPA per mole of rifaximin, while a post-drying sample similar to that
for contains approximately 0.4 mole of IPA per mole of rifaximin and 0.75 wt% of water (Table

S5 6 and Table 7), respectively.

Table 6. Characterizations of As-Prepared Rifaximin Form x

Analytical

a

Technique Results

Broad endo: < 100 °C
DSC Endo: 124 °C (max)

Endo or baseline shift: 203 °C
TGA Weight loss: 0.6 % up to 60 °C, 10.4 % from 60 to 200°C
Karl— Water amount undetectable
Fischer

23.3 °C: crystalline, heating 5 °C/min

80.1 °C: no apparent change

101.9 °C: loss of birefringence in many particles,
likely collapse of crystal (no melt)

Hot-stage 109.2 °C: same as at 101.9 °C

Microscope | 123.2 °C: nearly all birefringence lost, no melt

150.1 °C: trace birefringence, change to 10 °C/min

203.1 °C: isotropic but original shape retained

213.1 °C: flow observed, started to cool

-- : cools to an isotropic glass

ATR-IR Spectrum acquired

Chemical structure intact

1

H-NMR Approx 2 moles IPA present per mole rifaximin
polid-state Spectrum acquired

Benmr P d

7.5 % wt loss upon equilibration at 5% RH

Moisture 4.6 % wt gain from 5 to 95 % R

Balance 12 % wt loss from 95 to 5 % RH.

Overall wt loss = 14. 9 % (equivalent to ~ 2 moles of IPA)

Post-MB
XRPD

? Endo = endotherm.

Disordered
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XRPD cocryst al

crystal

sanpl e 3,wW@RPD/1Geamyst al
probability crystals sanple 4, XRPD (Panal ytical) cocrystal
pi perazi ne cocrystal,
DSC broad endo 108,
195 C DVS 3. 54% wei ght

rifaximn:
pr esent
from25 -

2 SCXRD (initial
size limting SCXRD no data coll ected,

crystal
1 + cocrystal

no solvents present,
smal |
| oss at 5% RH

Table 7. Characterizations of Post-Drying Rifaximin Form «

m nor
broad endo 173 TGAb 7.12% wei ght

eval .) noderate probability crystals;
size too snall
2 SCXRD (i niti alPCexesbkonl/oBmss

1 1H NWR
I mpurities

Analytical

a
Technique Results
DSC Endo: -23, 76, 137, 204
TGA 1.4 % wt loss up to 60, 9.7 % wt loss from 60 to 200
1.1 % wt loss up to 60, 5.2 % wt loss from 60 to 200
Karl— 0.76 wt% of water
Fischer
ATR-IR Spectrum acquired
'H-NMR Structure intact, 0.4 mole of IPA per mole of API

Structure intact, 0.57 mole of IPA per mole of API

Solid-state

Spectrum acquired

“C NMR
Moisture 0.1% wt loss upon equilibration at 5% RH
Balance 7.7% wt gain from 5%-95% RH
11.0% wt lost from 95%-5% RH
Post-MB .
XRPD Disordered «

2:1

| oss

Both XRPD patterns discussed above represent a single phase of rifaximin, designated as

5 Form k. Because Form « is a variable solvate, the unit cell parameters may change via expansion or

contraction to accommodate the solvent. XRPD peak positions are a direct result of the unit cell

parameters, and therefore one single XRPD pattern will not be representative of the crystal Form, but

merely a snapshot of the form in one position and can still be used to identify the form. Thus, if a

material is found to have the same XRPD pattern, it is identifiable as Form k. Likewise, materials

10 that fall within the indexing of Form « are also identifiable as Form k. Peak lists are presented for

the two patterns above and are combined in Table 3 and Table 4 to provide peak position ranges.

Please note that these ranges only illustrate the typical peak positions observed for Form k and do not

necessarily establish the upper and lower limit of Form «k peak positions.
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10. 78% wei ght gain from5 - 95% RH 11.47% wei ght 1 oss from95 - 5% RH
sanple 5, post-DVS XRPD broad peaks, simlar to cocrystal 1 + peaks at -5
and 17 ' 2802anpise4é, XRPD cocrystal 2 1H NVR 2:1 rifaxipoirms2qilpsazi ne
cocrystal, no solvents present, mnor inpurities present a. Endo =
endotherm exo = exotherm Tenperatures (C) reported are transition maxi na.

Tenperatures are rounded to the nearest degree. b. Weight loss (% at
a certain tenperature; weight changes (% are rounded to 2 deci mal places;
tenperatures are rounded to the 5nearest degree. Cocrystal 1 resulted

mai nly from eggeri ments in which the solids were dried thoroughly
( generiglditjongh §hpracterization pr essure during vacuum filtration), while

cocrystal : B i . wer r 1 h hly.
ANRRNICHEF el iYar DG GNP Bs ygatﬁg# ﬁgﬁlﬁﬂ‘{% 1®rRoL ad ﬁ%tgfél:g]’ilt?tg 1111(:: glgglggg

Addi tional 'y, vapor stressing of coc in 10 aceto
convertlgbogh lfigure Scandstrasun@narzmd in/Badhlupn dryi ng of cocrystal 2 resulted in

mat erial sitalar aocryst al w th an,addi.ti;onal peak), by XRPD (Tapl e
13) - Thus: NC B I REREH,of rollh B4R d iRty B3R, Rigdley! "1
cofr ysbainc@of a Kedry nedrehasthanameho ST thkeno gRmo fiatheNblggekad ehaf Borneaclny be a

cocrystal was then acquired in. ,and both spectra show no solvents

pr eseﬁ‘PPSt%}\FAﬁH‘B%‘ﬁ 5P Va'%s Irqsf(é?% §“ Hag-"the' s ioﬁ?rY Wﬁ@?@é@ﬁteﬁﬁﬁég%@%

anal ysfse ﬁﬁér@%@%e,fafk[ 16k sk ekl Qlﬁbv@faliﬁﬁﬁimé&llﬁtl_ﬁC (E2uNB, Table 6). _

2011/ 153444PCT/ US2011/ 039085 Table 11: Stressing of R faximn:Piperazine

Cocrystal MTgHi MR8 diarer Hapitp Fos & arpthpyh IXKRIZReRe st (i Weghss 7 day's

Or ange, sop kjagBibdetcd IPh &Rllil!i‘tgﬁio‘ﬁoag KYSRA! TR WrteWal A¥Mited a 4.6% weight gain from 5

10 to 95% RH and a 12% weight loss from 95 to 5% RH. The overall weight loss is approximately

14.9%, which is consistent with the loss of approximately 2 moles of IPA. The XRPD pattern of the
specimen post-moisture sorption (Figure 10) indicates the material is disordered as judged visually

by the presence of broadened reflection peaks and increased baseline.
15  Post-drying Form k
Additional characterization data for post-drying samples of rifaximin Form « are presented in

Figure 11 to Figure 14, and are summarized in Table 7 and Table 8.

Table 8. Stress Study of Post-drying Rifaximin Form «

+ Condition Observations XRPD Result
84 % RH, RT, 19 days Red solid Disordered «
DSC and TG thermograms of post-drying Form « are shown in Figure 11 and Figure 12. The
absence of a sharp melt endotherm in the DSC thermogram further suggests that Form k may be a
nonstoichiometric solvate.
25 Moisture sorption data for post-drying rifaximin Form k are shown in Figure 15 and

summarized in Table 7. An initial weight loss of 0.1% was observed upon equilibration at 5%
RH. The material exhibited a 7.7% weight gain from 5 to 95 % RH and a 11 % weight loss from
95 to 5 % RH. The overall weight loss is approximately 3.3%. The XRPD pattern of the
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-75 % RH 3 days dry orange solid broad peaks, simlar to cocrystal 1 + peak
at -5 '20 1 week dry orange solid broad peaks, simlar to cocrystal 1 +
peak at -wO0280/152440eeks dry orange solid broad peaks, sipoTilEeotio3®eEr yst al
1 + peak at -5 "'20 -97% RH 3 days dry orange solid API, FormO0-1 1 week

specimen post-moisture sorption Figure 16 indicates the material is disordered as judged visually
by the presence of broadened reflection peaks and increased baseline.

Form Kappa (k) was obtained by dissolving Form Alpha (a) in isopropanol at loadings
ranging from 57 to 197 mg/mL followed by mechanical agitation.

5 Form « is identified as a variable system of which the unit cell parameters may change via
expansion or contraction to accommodate the solvent. Multiple XRPD patterns obtained on various
samples suggest that a range exist for the reflection peaks observed in Form k. Indexing solutions
were obtained on two representative XRPD patterns of Form k but do not necessarily indicate the
upper and lower limit of the range. Rather they should be considered two discrete examples of the

10 Form k series. Theoretical calculation from the indexing solutions indicates that Form k may be able
to accommodate up to 4 moles of IPA per mole of rifaximin based on the void space within the unit
cell. One sample contains two moles of IPA per mole of rifaximin and negligible amount of water by
"H-NMR and Karl-Fischer titration. Another sample, with the unit cell volume being smaller by
about 75A% contains 0.4 mole of IPA per mole of rifaximin and 0.76 wt% of water.

15 Indexing solutions revealed that Form « is indeed a variable solvate with unit cell structure
capable of expanding and/or shrinking to accommodate different amounts of [PA. The absence of a

sharp melt endotherm in DSC further supports the nonstoichiometric nature of Form «.

B. Computational Methods
20
1. X-ray Powder Diffraction Peak Identification
The data presented in this report contain x-ray diffraction patterns with labeled peaks and
tables with peak lists. The range of data collected is typically provided in the scientific report in
which the data was initially reported, and is instrument dependent. Under most circumstances, peaks
25  within the range of up to about 30° 26 were selected. Although peaks are labeled on diffraction
patterns and listed in tables, for technical reasons, different rounding algorithms were used to round
each peak to the nearest 0.1° or 0.01° 20, depending upon the instrument used to collect the data
and/or the inherent peak resolution. The peaks identified in the tables should be used for reporting

purposes. The location of the peaks along the x-axis (° 20) in both the figures and the tables were
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dry orange solid AP, FormO0-1 2 weeks dry orange solid 5The DVS of
cocrystal 1 indicates the material is quite hygroscopic. XRPD of the
post - DVS wateri/@B44ehows a pattern with broad peaks, simpCarustaimsmeystal 1
wi th additional peaks at approximately 5 and 17 '20 (Table 10, Figure 17).
Rel ative hum dity stressing experinments of cocrystal 1 at approximately 75%
RH al so resulted in material exhibiting an XRPD pattern with broad peaks,
simlar to cocrystal 1 with an 10additional peak at approximately 5 '20
(Tabl e 11, Figure 18). Conversion to a hydrated f or m of rifaxirrin was
observed from all pulls at approximately 97% RH A2:1

Ri f axiapiomapidlrdgicrmmed @&lng/ sropricagssofigar(RatemMatehor -4 hand rounded to one or

non- 5‘?%%5@%{%? rﬁ%ﬁl%? A QF The GO FnXlSE)&'nt bascANdh AN HACHQR & d e ;Dg%lél g&% n

cocrys ion regar I ng preparation and charact &F i

t wo coarigtslitids sark sgisenmuawithéd 02 t 26e baab | €poh2rebehmwndalihes sothiead ithehoWSP
15il lustrates .t he rel ationshi ent e. cogcrystals. WOD.

2011/ TESUTIPBeF UGS TosSu0R b on b Saar SheS BRoFiaePreis YR 30V B2 st al s
Ri faxiydiny, L. pj@QaQO(ﬁf? Prigpatalad P BnPpRP8Ih | B cREdIOK il dn ﬁﬁé\ﬂ&ﬁﬁkisﬁ%ehi&ﬂt
Per f or med cocryst al precipitation from ACN acet one, with ACN RC with

ACN, denoglgd dilntm hasegficegn delegrined Macedvgr, dbisd [Py S ASUSEMENbT py ndgperpleply
anbi e%&epﬁ%ﬁ@bﬁlb@@ Sn different instruments may lead to variability which is greater than +0.1° 20. For

d-space listings, the wavelength used to calculate d-spacings was 1.541874 A, a weighted average of
the Cu-K,; and Cu-Kg, wavelengths. Variability associated with d-spacing estimates was calculated
10 from the USP recommendation, at each d-spacing, and provided in the respective data tables.

For samples with only one XRPD pattern and no other means to evaluate whether the sample
provides a good approximation of the powder average, peak tables contain data identified only as
“Prominent Peaks.” These peaks are a subset of the entire observed peak list. Prominent peaks are
selected from observed peaks by identifying preferably non-overlapping, low-angle peaks, with

15  strong intensity.

If multiple diffraction patterns are available, then assessments of particle statistics (PS)
and/or preferred orientation (PO) are possible. Reproducibility among XRPD patterns from multiple
samples analyzed on a single diffractometer indicates that the particle statistics are adequate.
Consistency of relative intensity among XRPD patterns from multiple diffractometers indicates good

20  orientation statistics. Alternatively, the observed XRPD pattern may be compared with a calculated
XRPD pattern based upon a single crystal structure, if available. Two-dimensional scattering
patterns using area detectors can also be used to evaluate PS/PO. If the effects of both PS and PO are
determined to be negligible, then the XRPD pattern is representative of the powder average intensity
for the sample and prominent peaks may be identified as “Representative Peaks”. In general, the

25 more data collected to determine Representative Peaks, the more confident one can be of the
classification of those peaks.

“Characteristic peaks,” to the extent they exist, are a subset of Representative Peaks and are
used to differentiate one crystalline polymorph from another crystalline polymorph (polymorphs

being crystalline forms having the same chemical composition). Characteristic peaks are determined
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non- sol vat ed/ hydr at ed hygroscopi c single crystalline phase unstabl e upon
exposure to water, elevated RH, and conpression likely falls apart upon
heati ng peakopiiismg) i ndexed (with peak XRPD, DSC, TGApPCDWS201R08408:1 NVR,
Solid-state NVR, and IR and Raman Spectroscopy (wi th XRPD successfully
pi cking) cocrystal 2 RCwth ACN DCM VD with ACN VS of cocrystal 1 with
ACN ACN solvate (1 nole) single crystalline phase unstabl e upon exposure to
anbient conditions likely falls apart upon heating XRPD, DSC, TGA, Proton
NVR, and IR and Raman Spectroscopy (w th peak picking) XRPD successful ly
I ndexed (wi th peak picking)
by evaluating which representative peaks, if any, are present in one crystalline polymorph of a
compound against all other known crystalline polymorphs of that compound to within 0.2 26. Not

all crystalline polymorphs of a compound necessarily have at least one characteristic peak.

5 C. Instrumental Techniques

The following methods have not been validated for compliance with 21 CFR211.165(e).

1. Differential Scanning Calorimetry (DSC)

10 DSC was performed using a TA Instruments Q2000 differential scanning calorimeter.
Temperature calibration was performed using NIST traceable indium metal. The sample was placed
into an aluminum DSC pan, covered with a lid, and the weight was accurately recorded. A weighed
aluminum pan configured as the sample pan was placed on the reference side of the cell. The data
acquisition parameters and pan configuration for each thermogram are displayed in the image in the

15  Data section of this report. The method code on the thermogram is an abbreviation for the start and
end temperature as well as the heating rate; e.g., 25-250-10 means “from 25 °C to 250 °C, at 10
°C/min.” The following table summarizes the abbreviations used in each image for pan

configurations:

20  Abbreviation (in comments) Meaning

LpP Lid perforated with a laser pinhole
HS Lid hermetically sealed
HSLP Lid hermetically sealed and perforated with a laser pinhole
C Lid crimped
25 NC Lid not crimped

2. Dynamic Vapor Sorption (DVS)
Automated vapor sorption (VS) data were collected on a VIT SGA-100 Vapor Sorption
Analyzer. NaCl and PVP were used as calibration standards. Samples were not dried prior to

30  analysis. Sorption and desorption data were collected over a range from 5 to 95% RH at 10% RH
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5 Table 13: Abbreviations Type Abbreviations/Acronyns Full Nane/ Descri ption
Sol vent ACN acetonitrile DCM dichl oronmethane EtOH ethanol EtOAc ethyl
acet ate WwBAoiigiBprepanol | PE i sopropyl ether MOH net ramals201vEBoos®Rt hy|

et hyl ketone MIBE tert-butyl nmethyl ether THF

increments under a nitrogen purge. 'The equilibrium criterion used for analysis was less than
0.0100% weight change in 5 minutes with a maximum equilibration time of 3 hours. Data were not

corrected for the initial moisture content of the samples.

5 3. Hot-Stage Microscopy
Hot stage microscopy was performed using a Linkam hot stage (FTIR 600) with a TMS93
controller mounted on a Leica DM LP microscope equipped with a SPOT Insight™ color digital
camera. Temperature calibrations were performed using USP melting point standards. Samples were
placed on a cover glass, and a second cover glass was placed on top of the sample. As the stage was
10 heated, each sample was visually observed using a 20x0.4 N.A. long working distance objective with

crossed polarizers and a first order red compensator. Images were captured using SPOT software (v.

4.5.9).

4. Infrared Spectroscopy (IR)

15 IR spectra were acquired on 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.
Wavelength verification was performed using NIST SRM 1921b (polystyrene). An attenuated total
reflectance (ATR) accessory (Thunderdome™, Thermo Spectra-Tech), with a germanium (Ge)

20  crystal was used for data acquisition. Each spectrum represents 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 obtained by taking a ratio of these two data sets against each other.

5. Karl-Fischer Titration (KF)

25 Coulometric Karl Fischer (KF) analysis for water determination was performed using a
Mettler Toledo DL39 KF titrator. A blank titration was carried out prior to analysis. The sample was
prepared under a dry nitrogen atmosphere, where approximately 1 gram of the sample were dissolved
in approximately 1 mL dry Hydranal — Coulomat AD in a pre-dried vial. The entire solution was

added to the KF coulometer through a septum and mixed for 10 seconds. The sample was then
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tetrahydrofuran ME 2, 2,2-trifluoroethanol Methods CP crash precipitation
RC reaction crystallization SC slow cool SE slow evaporation VD vapor
di ffusi oowovBlviapan stress VSE very sl ow evaporation WOT/US2011/039085

2011/ 153444PCT/ US2011/ 039085 Techni ques DSC differenti al scanning
calorinmetry 1H NWR proton nucl ear nagneti c resonance

titrated by means of a generator electrode, which produces iodine by electrochemical oxidation: 2 I”

— I, + 2¢”. Two replicates were obtained to ensure reproducibility.

6. Proton NMR Spectroscopy

a. Solution 1D '"H NMR Spectroscopy (SSCI)

The solution NMR spectra were acquired with a Varian """ INOVA-400 spectrometer. The
samples were prepared by dissolving approximately S to 10 mg of sample in CDCl; containing TMS.
The data acquisition parameters are displayed in the first plot of the spectrum in the Data section of

10 this report.

b. Solution 1D '"H NMR Spectroscopy (SDS, Inc.)
One solution "H NMR spectrum (LIMS 228228, filename 389420) was acquired by Spectral
Data Services of Champaign, IL at 25 °C with a Varian "“"YINOVA-400 spectrometer at a 'H
15  Larmor frequency of 399.796 MHz. The samples were dissolved in CDCls. The spectra were
acquired with a "H pulse width of 6.0 ps, a 5 second delay between scans, a spectral width of 10 KHz
with 35K data points, and 40 co-added scans. The free induction decay (FID) was processed with

64K points and an exponential line broadening factor of 0.2 Hz to improve the signal-to-noise ratio.

20 7. Solid-State NMR Spectroscopy (SSNMR)

The solid-state °C cross polarization magic angle spinning (CP/MAS) NMR spectra were
acquired at ambient temperature on a Varian "' Y INOVA-400 spectrometer (Larmor frequencies: °C
= 100.542 MHz, 'H = 399.787 MHz). The sample was packed into a 4 mm PENCIL type zirconia
rotor and rotated at 12 kHz at the magic angle. The data acquisition parameters are displayed in the

25  first plot of the spectrum in the Data section of this report. The first three data points of the FID were
back predicted using the VNMR linear prediction algorithm to produce a flat baseline. The chemical
shifts of the spectral peaks were externally referenced to the carbonyl carbon resonance of glycine at

176.5 ppm.
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spectroscopy IR infrared spectroscopy DVS dynam c vapor sorption TG or
TGA thernogravinetric analysis SSNWR solid-state nuclear magnetic
resonancewepetiirsesiaopy XRPD x-ray powder diffracti on Oph&rusanh/ozemss ve
pharmaceutical ingredient deg degrees endo endotherm eval. evaluation
exo exot herm

8. Thermogravimetry (TGA)

TGA analyses were performed using a TA Instruments 2950 or Q5000 IR thermogravimetric
analyzer. Temperature calibration was performed using nickel and Alumel™. Each sample was
placed in an aluminum pan. The sample was hermetically sealed and the 1lid was pierced (for Q5000

S5 only), then inserted into the TG furnace. The furnace was heated under nitrogen. The data
acquisition parameters for each pattern are displayed in the image in the Data section of this report.
The method code on the thermogram is an abbreviation for the start and end temperature as well as

the heating rate; e.g., 25-350-10 means “from 25 °C to 350 °C, at 10 °C/min.”

10 9. X-Ray Powder Diffraction (XRPD)

a. Bruker D-8 Discover Diffractometer
XRPD patterns were collected using a Bruker D8 DISCOVER diffractometer and Bruker’s
General Area-Detector Diffraction System (GADDS, v. 4.1.20). An incident microbeam of Cu Ka
15  radiation was produced using a long, fine-focus tube (40 kV, 40 mA), a parabolically graded
multilayer mirror, and a 0.5 mm double-pinhole collimator. Prior to the analysis, a silicon standard
(NIST SRM 640c) was analyzed to verify the Si 111 peak position. A specimen of the sample was
packed between 3 km thick films to form a portable, disc-shaped specimen. The prepared specimen
was loaded in a holder secured to a translation stage. A video camera and laser were used to position
20  the area of interest to intersect the incident beam in transmission geometry. The incident beam was
scanned and rastered to optimize sampling and orientation statistics. A beam-stop was used to
minimize the background from air. Diffraction patterns were collected using a HISTAR™ area
detector located 15 cm from the sample and processed using GADDS. The intensity in the GADDS
image of the diffraction pattern was integrated and displayed as a function of 20.
25
b. Inel XRG-3000 Diffractometer
XRPD patterns were collected with an Inel XRG-3000 diffractometer. An incident beam of
Cu Ka radiation was produced using a fine-focus tube and a parabolically graded multilayer mirror.
Prior to the analysis, a silicon standard (NIST SRM 640c) was analyzed to verify the Si 111 peak

30  position. A specimen of the sample was packed into a thin-walled glass capillary, and a beam-stop
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IS insufficient solid ppt. precipitate or precipitation RH relative
humdity RT room (anbient) tenperature Characterization of Starting

Mat er i al swo 2011/15Ri4fiaxi min was recei ved and char act eri zarcoruseas/opess or med.
The material was crystalline, exhibiting the previously-known formof a-dry
by XRPD. A proton NWVR spectrumof the material 5was consistent with the
structure. Solid-state NMR, IR, and Raman spectra were al so collected for
conpari son purposes. Solid-state NVR, IR and Raman spectra of piperazine
were also collected for conparison with corresponding data fromthe
cocrystals of Rifaximn and pi perazi ne nmade during the screen. Manual

cocr y §tag|usekiogaininige diei pelgraungelrem gat Rifragiiom paernxy et gollagted|ip gjapgynission

pi per eéc)fggé{)}(c r?‘g Yiddi9) 6.6 WvaRQLhG %%%éop%'%%%%i‘t{ %%Rgl%xﬁ@&h% b a 20

Expan Screen of Rifaximn or mer vent System
Condi trargasf Hibi t / Descrl ption XRPD Result piperazine

5 ¢ PANalytical X'Pert PRO MPD Diffractometer
XRPD patterns were collected with a PANalytical X'Pert PRO MPD diffractometer using an
incident beam of Cu radiation produced using an Optix long, fine-focus source. An elliptically
graded multilayer mirror was used to focus Cu Ka X-rays through the specimen and onto the
detector. Prior to the analysis, a silicon specimen (NIST SRM 640c) was analyzed to verify the Si
10 111 peak position. A specimen of the sample was sandwiched between 3 km-thick films and
analyzed in transmission geometry. A beam-stop was used to minimize the background generated by
air. Soller slits for the incident and diffracted beams were used to minimize broadening from axial
divergence. Diffraction patterns were collected using a scanning position-sensitive detector
(X'Celerator) located 240 mm from the specimen and Data Collector software v. 2.2b.
15  Example 2: Rifaximin:Piperazine Cocrystals
Both rifaximin:piperazine cocrystals were isolated only from acetonitrile-containing solvent

systems and occur in a 2:1 rifaximin:piperazine stoichiometric ratio by proton NMR (Table 9 and

Table 10).
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1:1 ACN SE orange solids,
Rati oa Sol vent System
r ecuasdoipoamsire -7

added 1 nL of ACN orange solids cocrystal 2
birefringent cocrystal 1 + cocrystal 2 Mol ar
Condi t i orwoHatli/ts843@scri pti on XRPD Resul t dry under

mn. dry solid; bright orange aggregates and tiny particles, not
bi refringent cocrystal 1 2
Table 9: Cocrystal Screen with Piperazine
Coformer i\fa‘zf‘); 2‘;:;‘;: Conditions Habit/Description XRPD Result
~6:1 ACN addeié;\?L of orange solids cocrystal 2
- - vacuum dry 3838- orange solids ccf;?;l:i:ltf +
21-02,RT, 1 day peak at ~17 20
11 ACN mill a.t 3(ft) I;IZI, 10 orange solids low cr}gtalhne
piperazine mun. 101 -
L1 ACN SE orange solids, cocrystal 1 +
) birefringent cocrystal 2
dark red solution, solid . .
coating bottom; dark dl::figg?’ 3
1:1 acetone refrigerator 1 day orange, aggregates and intense lo}v/v—
tiny particles, partially le peak
birefringent angie peaks
dry under reduced dry solid; bright orange,
piperazine 1:1 ACN . aggregates and tiny cocrystal 1
pressure ~7 min
' particles, not birefringent
solid present; dark
orange, morphology
2:1 acetone VD w/ ACN, 1 day unknown and small cocrystal 1
amount small plates,
birefringent; aggregates,
not birefringent
dry solid; reddish-brown,
21 DCM VD w/ ACN, 4 irregular par.tlcle.s and cocrystal 2
days aggregates, birefringent
(possible single crystals)
piperazine brown, spherul.ites of tiny
VD w/ ACN, 3 needles and irregular cocrystal 1 +
2:1 DCM davs plates, aggregates, cocrvstal 2
y birefringent; y
(maybe single crystals)
seeded w/rifaximin, brown, aggregates,
2:1 DCM VD w/ ACN, 3 birefringent at edge cocrystal 2
days (no single crystals)
. ACN, dry under reduced Orange, ager egates. and cocrystal 1
5:1 scale-u ~6 mi tiny particles, partially Panalvtical
p pressure ~6 min. birefringent (Panalytical)
. ACN, dry under reduced orange, tny partlcl.es and cocrystal 1
5:1 scaleu ~ 8 mi aggregates, partially Panalvtical
p pressure min. birefringent (Panalytical)
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acetone VD w ACN, 1 day solid present;
bi refringent;
cocryst alwd 202715343€M VD w ACN, 4 days dry solid;

smal | anmount snmall plates,

particles and aggregates,

2 2:1 DCM VD w ACN, days brown,

pl at es, aggregates,

dar k orange,

aggregates, not birefringent

Table 10: Characterization of Rifaximin:Piperazine Cocrystal

nmor phol ogy unknown and

r eddi ®T/Use@mo39085 r egul ar
birefringent (possible single crystals) cocrystal
spherulites of tiny needles and irregul ar

Sample Source Technique Analysis/Result
XRPD cocrystal 2
sample 1, DSC* broad endo 116, possible small exo 159 or small endo 170
TGA® 8.35% weight loss from 25 — 190 °C
"H NMR 2:1 rifaximin:piperazine ratio, possible acetonitrile present
XRPD cocrystal 2
sample 2, SCXRD - . T
(initial eval.) moderate probability crystals; crystal size limiting
SCXRD no data collected, crystal size too small
XRPD cocrystal 1 + cocrystal 2
sample 3,
SCXRD low probability crystals
(initial eval.) P yery
XRPD cocrystal 1
(Panalytical) ¥
' NMR 2:1 rifaximin: piperazine cogr.ystal, no solvents present,
sample 4 minor 1impurities present
’ DSC? broad endo 108, small broad endo 173
TGA® 7.12% weight loss from 25 — 195 °C
3.54% weight loss at 5% RH
DVS 10.78% weight gain from 5 — 95% RH
11.47% weight loss from 95 — 5% RH
sample 3, XRPD broad peaks, similar to cocrystal 1 + peaks at ~5 and 17 °20
post-DVS P ’ Y P
XRPD cocrystal 2
sample 0, ST -
1 2:1 rifaximin: piperazine cocrystal, no solvents present,
H NMR .o o
minor impurities present

a. Endo = endotherm, exo = exotherm. Temperatures (°C) reported are transition maxima. Temperatures are rounded to the

nearest degree.
b. Weight loss (%) at a certain temperature; weight changes (%) are rounded to 2 decimal places; temperatures are rounded to the

5 nearest degree.

Cocrystal 1 resulted mainly from experiments in which the solids were dried thoroughly
(generally under reduced pressure during vacuum filtration), while cocrystal 2 was generally seen
when materials were not dried as thoroughly. Additionally, vapor stressing of cocrystal 1 in
10 acetonitrile caused conversion to cocrystal 2, and vacuum drying of cocrystal 2 resulted in material
similar to cocrystal 1 (with an additional peak) by XRPD (Table 11). Thus, it is suspected that
cocrystal 1 is unsolvated, whereas cocrystal 2 likely contains acetonitrile. Proton NMR data for each
cocrystal was then acquired in CDCl3, and both spectra show no solvents present, although it is likely
that the time lapse between XRPD and NMR analyses allowed for desolvation of cocrystal 2.
15
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birefringent; (maybe single crystals) cocrystal 2 2:1 DCM seeded w
rifaximn, VD w ACN, 3 days brown, aggregates, birefringent at edge (no
si ngl e cryetaligisaaacrystal 2 5:1 ACN, scal e-up dry undecTrisduamsoops essur e
-6 mn. orange, aggregates and tiny particles, partially birefringent
cocrystal 1 (Panalytical) 5:1 ACN, scal e-up dry under reduced pressure -
8 mn.

Table 11: Stressing of Rifaximin:Piperazine Cocrystal 1

Conditions Time Habit/ Description XRPD
Result
VS w/ ACN 7 days orange. shghtly damp cocrystal 2
solids
VS w/ ACN
broad peaks,
similar to
3 days dry orange solid cocrystal 1 +
peak at ~5
°20
broad peaks,
similar to
~75 % RH 1 week dry orange solid cocrystal 1 +
peak at ~5
°26
broad peaks,
similar to
2 weeks dry orange solid cocrystal 1 +
peak at ~5
°20
3 days dry orange solid API[,S_Florm
~97% RH 1 week dry orange solid API[; Florm
2 weeks dry orange solid -
5 The DVS of cocrystal 1 indicates the material is quite hygroscopic. XRPD of the post-DVS

material shows a pattern with broad peaks, similar to cocrystal 1 with additional peaks at
approximately 5 and 17 °20 (Table 10, Figure 17).
Relative humidity stressing experiments of cocrystal 1 at approximately 75% RH also
resulted in material exhibiting an XRPD pattern with broad peaks, similar to cocrystal 1 with an
10 additional peak at approximately 5 °26 (Table 11, Figure 18). Conversion to a hydrated form of
rifaximin was observed from all pulls at approximately 97% RH.
A 2:1 Rifaximin:piperazine cocrystal was found in two forms: a non-solvated/hydrated form,
cocrystal 1, and an acetonitrile solvate, cocrystal 2. Information regarding preparation and
characterization of the two cocrystals is summarized in the Table 12 below. The scheme below

15  illustrates the relationship between the cocrystals.
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orange, tiny particles and aggregates, partially birefringent cocrystal 1
(Panalytical) a. Ratio given is APlI: coforner. 5Cocrystals werenade with
pi perazi w0 20twisghout the screen, two forns of this coecyatsadii/og®ser m ned
by XRPD, were found and were designated as cocrystal 1 and cocrystal 2
(Figure 19). Table 15: Characterization of Rifaximn:Piperazine Cocrystals
Techni que XRPD DSCb TGAc 1H NWVRd XRPD SCXRD (initial eval.) SCXRD XRPD
SCXRD (initial eval.) XRPD (Panalytical) 1H NVRf DSCb TGAc DVS SSNMR IR

Raman XRPD XRPD
Table 12: Preparation of Rifaximin Co-Crystals

Rifaximin: Lo
. . . . Characterization
Piperazine Preparation Properties
Performed
Cocrystal
prempiz?;n from non-solvated/hydrated XRPD, DSC, TGA,
DVS, Proton NMR,
acetone, VD with ACN hygroscopic Solid-state NMR, and
IR and Raman
cocrystal 1 RC with ACN, dried single crystalline phase Spectroscppy (with
under reduced pressure peak picking)
unstable upon exposure to water, elevated
likely desolvation of RH, and compression ?(RPD succ.essfully
cocrystal 2 at ambient indexed (with peak
y likely falls apart upon heating picking)

conditions

ACN solvate (1 mole) éﬁi?i\l};{sﬁ i 2;1((1}?[’{
RC with ACN ’
and Raman

single crystalline phase Spectroscopy (with

cocrystal 2 DCM, VD with ACN . peak picking)
unstable upon exposure to ambient
VS of col:réfls\tlal 1 with conditions XRPD successfully
likely falls apart upon heating indexefi (With peak
picking)
5  Table 13: Abbreviations
Type Abbreviations/Acronyms Full Name/Description
ACN acetonitrile
DCM dichloromethane
EtOH ethanol
EtOAc ethyl acetate
IPA isopropanol
Solvent IPE isopropyl ether
MeOH methanol
MEK methyl ethyl ketone
MTBE tert-butyl methyl ether
THF tetrahydrofuran
TFE 2,2,2-trifluoroethanol
CP crash precipitation
RC reaction crystallization
SC slow cool
Methods SE slow evaporation
VD vapor diffusion
VS vapor stress
VSE very slow evaporation
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1H NVRb XRPDj (Panal ytical) 1H NVR1'i IR] Raman] XRPD Anal ysi s/ Result
cocrystal 2 broad endo 116, possible small exo 159 or small endo 170 8. 35%
wei ght | owe 2briors8A% - 190 C 2: 1 Ri faxi m n: pi perazi ne ratrco,uSpalospse
acetonitrile present cocrystal 2 noderate probability crystals; crystal
size limting no data collected, crystal size too small cocrystal 1 +
cocrystal 2 low probability crystals cocrystal 1 2:1 Rifaximn: piperazine
cocrystal, no solvents present, mnor inpurities present broad endo 108,
smal | broad endo 173 7.12% wei ght | oss from 25- 195 C 3. 54% wei ght | oss at
5% RH_10. 78% wei ght gain frnm'% - 950 RH 11 47%\/\P| nht Inqq from95 - '%%RH

spectirum acqui red spectrum A RN | ar
to cogcrystal 1 + peaks at -|5 and 17 1Q&Q4Rcocr yst aI Z’T"Pnfuﬁa‘f‘a%ép‘fw fpsonance
p| per azi ne cocr yst al, no saglvents present; m-nor— i mour it iSEFEUSFRE ant
IR infrared spgctroscopy
Techniques DVS dynamic vapor sorption
TG or TGA thermogravimetric analysis
SSNMR solid-state nuclear magnetic
resonance spectroscopy
XRPD x-ray powder diffraction
API active pharmaceutical ingredient
deg degrees
endo endotherm
eval. evaluation
Other €xo exotherm
IS insufficient solid
ppt. precipitate or precipitation
RH relative humidity
RT room (ambient) temperature

Characterization of Starting Materials

Rifaximin was received and characterization was performed. The material was crystalline,
exhibiting the previously-known form of a-dry by XRPD. A proton NMR spectrum of the material

5 was consistent with the structure. Solid-state NMR, IR, and Raman spectra were also collected for

comparison purposes.

Solid-state NMR, IR, and Raman spectra of piperazine were also collected for comparison
with corresponding data from the cocrystals of Rifaximin and piperazine made during the screen.

Manual cocrystal screen experiments were set up with Rifaximin, utilizing piperazine (Table

10 14).
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cocrystal 2 2:1 Rifaximn: piperazine cocrystal, 1 nole ACN present, m nor
inpurities present spectrum acquired spectrum acquired broad peaks, simlar
t o cocryswel2oli/ts34@eaks at -5 and 17 020 a. Due torChasp@t 03®sdf
cocrystal 2 to quickly desolvate and undergo form conversi on upon exposure
to anbi ent 5conditions, any delay between XRPD and ot her characterization
techni ques adds uncertainty to the formthat was actually tested. b.
Tenperatures (C) reported are transition naxi ma. Tenperatures are rounded
to the nearest degree. c¢. Wight loss (%9 at a certain tenperature; weight
changes g; are rounded to 2 deci mal places; tenperatures are rounded to

t he nédmblest4: doxpanded CoerysiabPoreen of Rifapimint ed DVSO, e. After initial single
crystal eval uation, sanple was uncapped and placed inside a vial of hexanes
for 2 days for—vapor—stjgsS isivalr [attenpt—tqgtoosen potentigiy sijngl e
crystals from S¥fef@er of il || dhawever Condions ui |t Hyit@esiinigr € cryat al|s were

observed aftler stressing. [f. sol Vendedideut dr at eéngesotpé or cf %rcrn;‘ta RH. sol vent:
deut er at ed c|hl or of or 6_days el agsed A58t wedn R anal yses.
i. solvent: |deuterated chl orohowm| j. Sanpl gs \REregi‘%n dita Cocrsﬁgfckl y after
i solation. MO 2011/ 153444RCH HS2611/ 0639685 R faxi i pck Cocrystal s

Preparation |and Rel at | aashi |p QfiemCdcr §EEEMS Habit/DpgtinorRy (f axistl N:|pi per azi ne
cocrystals were isolated only from acet oni tr[i & sc@nia@itnijng sol vent syst ens,
and occur in a 2:1 Rifaximin: piper quhgg@prégugl C hrimprretiedats riatd.Qudy [Prot on NVR
(Table 14, 5Table 15, |Figurle 31 arld Fimgite 43)andtl RPSEPD (over | ay |f or both

/ pot birefringent

cocrystal s i|s present ed—in(jFgure 19— Det ou | U%ll&’ﬁr&&ﬁ?ﬁéﬂ%' on—procgdures for
each cocrystjal are provided infra. &@Qﬁdﬁ)ha@e}rystal S vere seen
fromreaction crystallizatijon and vggg; fluskom @xper iiments wift h

acetonitrile, cocrystal 21 al setoresgul te y sp?élﬁtnbfﬁléblfse preedvit gtion in
acetonitrile, whereas|a sl ow evapqgrati on expe ates Op gcetonitrjile, as

wel | as a vapor diffusion ijn 10 di chl oronetjha rﬁérﬁq jll zilng acetgnitrile as
the antisol vient, produced mi xtures of cocrystalysoLdaaaajshcccrystal 2.

Scal e-ups of| the reaction crystallli zati on experivmemngulirn lacetonitirile all
gave cocrystlal 1. It yas then notedvbma&cm@crywé‘flesindr edul ted ndi nly when
the solids were dried tt%ro'ug%?l\ﬁ; (lgeneral |y (und&f; %fé([JucedcoﬁrP’séa&ure during
vacuum fi |l trjat pigm)ine Whi | € clocrystgl 2 was gene@@LEysmgl@en when nmdterial s
were not drijed as thoroughlly, indijcating codrystabaild nmay be an gcetonitrile
solvate. 15| The initjal prjoton NNR spectrum oPvpoksilill ¢ cocrystjal 2 (form
is uncertain due to the tendency df cocrystgl “2t6liitier|go for miconversion
upon exposurle to anbi antzzlcondj)@l\i,lonsYDdi@@usSedmﬁgﬁgaes hectlad i n

deut erat ed DMSO was i hconcllusive ijn det¥r m ni ngiaegioni trFOFréStaé%)ntent due to
significant |peak overlap in the rggion of intemsstsing?. Q7 ppm (Tabl e 15).
An experinment in whichcocrlystal 2 was vacuum drveels) at nmbient tlenperature
for 1 day gave 20matefig, s| '&Iﬁxr t  EHERS ablrr(’%l ?ﬁﬂfﬂte COdrdsitaE{/onal peak at
approximatelly 17 '20 by XRFDnI() abl Ji\ N, FLQUr & mys 16" Vdcuum Dryi ng
of Rifaxim n: Piperazi he Cocrystal z condi tigns Habit7/ SCI’I ptign

ACN,
5:1 dry under orange, aggregates
scale-up . . cocrystal 1
reduced pressure and tiny particles, (Panalytical)
~6 min. partially birefringent Y
5:1 ACN, dry under Orange, tny
scale-up particles and cocrystal 1
reduced pressure . .
. aggregates, partially | (Panalytical)
~ 8 min. P
birefringent
a. Ratio given is API: coformer.
5 Cocrystals weremade with piperazine. Throughout the screen, two forms of this cocrystal,

determined by XRPD, were found and were designated as cocrystal 1 and cocrystal 2 (Figure 19).
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Techni que Result RT, 1 day orange solids XRPD simlar to cocrystal 1 + peak
at -17 ' 20 1H NVRa possi ble acetonitrile present 25a. Sol vent: deuterated
DVBO. WO 2Priotse434NVR of this sanple, also coll ected i rCciast@anasmwds DVSO
(submitted prior to receiving the result of the initial NWR spectrum, also
showed peak overlap in the region where acetonitrile WO

2011/ 153444PCT/ US2011/ 039085 woul d appear, proving inconclusive in
measuri ng solvent content. Thus, subsequent NMR spectra were collected in
deuterated chloroformto allow for peak separation to assess acetonitrile
content. Proton NMR of cocrystal 1, collected in deuterated

chl oroform showed no solvent or water present, indicating it is a

non- sglaypt g4/ agla@&ﬁgatmt(ﬁrm@m{qﬂ B G cOIg,tg'taqs 15). Based on this result
5and previous ervations, cocryst or stressed in acetonitrile

for 7 days, reswtystaithg i n coffiaclrigeon to cocrystahm@m@ﬁ@bﬂe 17). Table 17:

Stressing of ROf&kl i n: Plperé?ﬂbe Coc i %1 C%ﬁﬂﬁ@ﬂéns Ti gag
endo sible
Descri pti on XRRBsiResult VS m/ 7 dﬁ § hg %bPlds
cocrystal 2 VSoWrtACN 24 dayg Nﬁ@r k orzala%}mmsdlﬂe Lo, Shird$rgacr yst al
| b (Panal yti caoyrystal2 XRPD cocrystal 2
possible SCXE\]il(;nltlal moderate probability crystals; crystal size limiting
cocrystal 2 SCXRD no data collected, crystal size too small
cocrystal 1 +2 XRPD cocrystal 1 + cocrystal 2
possible cocrystal 1 +2 SCXE\zl(;mtlal low probability crystals
XRPD cocrystal 1
(Panalytical) y
' NMR' 2:1 Rifaximin: piperazine cocrystal, no solvents present,
minor impurities present
DSCP broad endo 108, small broad endo 173
tal 1 TGA® 7.12% weight loss from 25 — 195 °C
coctysta 3.54% weight loss at 5% RH
DVS 10.78% weight gain from 5 — 95% RH
11.47% weight loss from 95 — 5% RH
SSNMR spectrum acquired
IR spectrum acquired
Raman spectrum acquired
- XRPD broad peaks, similar to cocrystal 1 + peaks at ~5 and 17 20
cocrystal 2 XRPD cocrystal 2
possible 1 NMR" 2:1 Rifaximin: piperazine cocrystal, no solvents present,
cocrystal 1 ) minor impurities present
XRPDY
: cocrystal 2
coerystal 2 (Panalytical)
' NMRH 2:1 Rifaximin: piperazine cocrystal, 1 mole ACN present,
minor impurities present
likely i .
cocrystal 2 IR spectrum acquired
likely i .
cocrystal 2 Raman spectrum acquired
- XRPD broad peaks, similar to cocrystal 1 + peaks at ~5 and 17 20
a. Due to the nature of cocrystal 2 to quickly desolvate and undergo form conversion upon exposure to ambient
5 conditions, any delay between XRPD and other characterization techniques adds uncertainty to the form that was
actually tested.

b. Temperatures (°C) reported are transition maxima. Temperatures are rounded to the nearest degree.
c. Weight loss (%) at a certain temperature; weight changes (%) are rounded to 2 decimal places; temperatures are
rounded to the nearest degree.

10 d. solvent: deuterated DMSO.
e. After initial single crystal evaluation, sample was uncapped and placed inside a vial of hexanes for 2 days for
vapor stress in an attempt to loosen potential single crystals from sides of vial; however, no suitable single crystals
were observed after stressing.
f. solvent: deuterated chloroform

15 h. solvent: deuterated chloroform. 6 days elapsed between XRPD and proton NMR analyses.
i. solvent: deuterated chloroform.
j- Samples were analyzed quickly after isolation.
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VS w ACN 7 days, sub-sanple of 4025-41-01 cocrystal 2' (Panalytical) -75
% RH 3 days dry orange solid broad peaks, simlar to cocrystal 1 + peak at
-5 '20 Iwoeeki/dsapdor ange solid broad peaks, simlar toPcoarsgeltaBoogs + peak

at

-5 '20 2 weeks dry orange solid broad peaks, simlar to cocrystal 1 +

peak at -5 '20 -97% RH 3 days dry orange solid APlI, FormO-1 1 week dry
orange solid API, FormO-1 10a. b. Sanple stood (capped) at anbient
conditions for approximately 5 - 6 hours prior to XRPD anal ysi s.

10

15

20

25

Rifaximin:Piperazine Cocrystals

Preparation and Relationship of Cocrystals

Both Rifaximin:piperazine cocrystals were isolated only from acetonitrile-containing solvent
systems, and occur in a 2:1 Rifaximin:piperazine stoichiometric ratio by proton NMR (Table 14,
Table 15, Figure 31 and Figure 43). An XRPD overlay for both cocrystals is presented in Figure 19.
Detailed preparation procedures for each cocrystal are provided infra.

While both cocrystals were seen from reaction crystallization and vapor diffusion
experiments with acetonitrile, cocrystal 1 also resulted by spontaneous precipitation in acetonitrile,
whereas a slow evaporation experiment in acetonitrile, as well as a vapor diffusion in
dichloromethane utilizing acetonitrile as the antisolvent, produced mixtures of cocrystal 1 and
cocrystal 2. Scale-ups of the reaction crystallization experiment in acetonitrile all gave cocrystal 1.
It was then noted that cocrystal 1 resulted mainly when the solids were dried thoroughly (generally
under reduced pressure during vacuum filtration), while cocrystal 2 was generally seen when
materials were not dried as thoroughly, indicating cocrystal 2 may be an acetonitrile solvate.

The initial proton NMR spectrum of possible cocrystal 2 (form is uncertain due to the
tendency of cocrystal 2 to undergo form conversion upon exposure to ambient conditions, discussed
below) collected in deuterated DMSO was inconclusive in determining acetonitrile content due to
significant peak overlap in the region of interest, ~2.07 ppm (Table 15).

An experiment in which cocrystal 2 was vacuum dried at ambient temperature for 1 day gave
material similar to cocrystal 1 with an additional peak at approximately 17 °20 by XRPD (Table 16,
Figure 20).

Table 16: Vacuum Drying of Rifaximin:Piperazine Cocrystal 2

Conditions Ha!)lt/- Technique Result
Description
similar to cocrystal 1 + peak at
XRPD
RT, 1 day ‘;roa‘l‘llf: ~17°20
"H NMR? possible acetonitrile present

a. Solvent: deuterated DMSO.

Proton NMR of this sample, also collected in deuterated DMSO (submitted prior to receiving

the result of the initial NMR spectrum), also showed peak overlap in the region where acetonitrile
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c. XRPD anal ysis was conducted quickly after isolating sanple. No

sol vent was present in this material by proton NVMR, however, it is likely

t hat the womeilliapsie bet ween XRPD and NMR anal yses al | owedTfuseoidesmByvat i on
of cocrystal 2. Areplication of this 15 vapor stressing experiment, in

whi ch cocrystal 1 was stressed for 24 days, gave cocrystal 1 by XRPD,
likely due again to a tine | apse of approximately 5 to 6 hours between

i sol ation of solids and XRPD analysis. It was concluded fromthese
experinments that cocrystal 2 rapidly desol vates upon exposure to amnbi ent
condi tions. Upon desol vation, cocrystal 2 appears to convert to cocrystal 1
af t er YoulhENPYEl ProyHGrNCAg sk e ik MepfEing exlves congniolius) subspeeNMRotigelra
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cocrystal 1, but ex 1ting roa peaks w th additiona pealll< at
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XRPD, and roto I\/ﬁa&@,ﬁ%he sanpl e, conducted in deuterated chloroform

i ndi c&PRY! OnnIBI°8°réﬁ il'tile was present (Figure 30). Subsequent
characterization of cocrystal 2 was conducted 5quickly after isolating
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peak picking (Figures 33 through Figure 36). Overlays of the IR and Ranman
spectra with those of the starting materials and cocrystal 2 are presented
in Figure 21 and Figure 22. Cocrystal ;2 10A high-resolution XRPD pattern of
cocrystal 2 is given in Figure 37. This pattern, like that for cocrystal 1,
was al so successfully indexed, indicating it consists of a pure, single
crystalline phase of solvated material (Figure 38). Peak picking of the
XRPD pattern was perforned. One Panal ytical pattern and one Inel pattern
was anal yzed for this material, and therefore preferred orientation and
particle statistic effects could be assessed through conparison of nultiple
patterns. Good agreenent 15 between patterns indicates that the observed
patterns are free of orientation and particle statistic effects. Cbserved
peaks are shomn |n Flgure 39 and Flgure 40, and representatlve peaks are
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30are shown in Figure 47. Several peaks unique to cocrystal 2 (e.g.,
characteristic peaks) were WD 2011/ 153444PCT/ US2011/ 039085 observed in the
Raman speworonviséer| ays of the IR and Raman spectra w PhTiusesia/ 08408t he
starting materials and cocrystal 1 are presented in Figure 21 and Figure
22. Indexing of Rifaximn:Piperazine Cocrystal 1 5lndexing and structure
refi nenent are conputational studies. The indexed XRPD pattern of

Ri f axi m n: pi perazine cocrystal 1 is illustrated in Figure 24. Agreenent

bet ween the all owed peak positions, marked with bars in Figure 24, and the
observed peaks indicates a consistent unit cell determ nation. Successful

i ndexi ng ofCochgtapdt Vs #eaimefresendewith magloniide yapgs| fer i slaypnpdsEBPBrangel MRy of
t
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extincti on sy , unit araneters, I ved tities are
tabuléﬂﬁd)umdﬁambeP@ﬂR(ﬁab¢emﬁ@e mmde&mhgl@mﬁmmﬁbnmamﬁxﬁenmh@dﬁCUanﬂqDfes
for le%x ena

cocry St MRk e L, sbyhnaf hereMibih s Forfhef 23v AGUGRITG
(Ay 14pitkty d:ﬁte( Mlafhﬁ‘g ‘éhf)ﬁr Crefodil seﬁﬁplE’QS a (deg) 90 p (deg) 90 y (deg) 90
Vol ume (A3/cell) 9953.7 VIZ (A3/formula unit) 2488
Characterization of Cocrystals
Characterization data for the Rifaximin:piperazine cocrystals is summarized in Table 16. As
previously discussed, cocrystal 2 is likely an acetonitrile solvate, and showed a tendency to desolvate
10 upon exposure to ambient conditions. Please note in the first column of Table 15 that a cocrystal
designated as "possible cocrystal 2" may have undergone form conversion between XRPD and
additional characterization techniques. Similarly, "possible cocrystal 1" refers to a sample which is
believed to have converted from cocrystal 2 to cocrystal 1 at ambient conditions. Finally, a

designation of "likely cocrystal 2" refers to material analyzed quickly after isolation, but XRPD data

15 was not acquired to confirm the form.

Cocrystal 1
A high-resolution XRPD pattern of cocrystal 1 is presented in Figure 19. The pattern was
successfully indexed, indicating it consists of a pure, single crystalline phase (Figure 24). Peak
20  picking of the XRPD pattern was performed. One Panalytical pattern and one Inel pattern were
analyzed for this material, and therefore preferred orientation and particle statistic effects could be
assessed through comparison of multiple patterns. Minor preferred orientation effects were
observed, though the patterns appeared to be in relatively good agreement. Observed peaks are
shown in Figure 25 and Figure 26, and representative peaks are listed in Figure 27.
25 Broad endotherms in the DSC thermogram combined with constant weight loss by TGA
likely indicate that the cocrystal falls apart upon heating (Figure 28).
Analysis by DVS indicates the material is quite hygroscopic (Figure 29). Approximately
11% weight gain was observed upon sorption from 5% to 95% RH, and all of that weight was lost on
desorption. XRPD of the post-DVS material exhibits broad peaks, similar to cocrystal 1 plus peaks

30  atapproximately 5 and 17 °20 (Figure 18).
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starting materials and cocrystal 2 are presented in Figure 21 and Figure 22.

Cocrystal 2

A high-resolution XRPD pattern of cocrystal 2 is given in Figure 37. This pattern, like that
for cocrystal 1, was also successfully indexed, indicating it consists of a pure, single crystalline phase
of solvated material (Figure 38). Peak picking of the XRPD pattern was performed. One Panalytical
pattern and one Inel pattern was analyzed for this material, and therefore preferred orientation and
particle statistic effects could be assessed through comparison of multiple patterns. Good agreement
between patterns indicates that the observed patterns are free of orientation and particle statistic
effects. Observed peaks are shown in Figure 39 and Figure 40, and representative peaks are listed in
Figure 41.

For material that is possibly cocrystal 2, a constant weight loss of approximately 8.35%
observed by TGA from approximately 25 to 190 °C, coupled with a very broad endotherm at
approximately 116 °C in the DSC thermogram, likely indicates decomposition of the cocrystal
(Figure 42).

Proton NMR of cocrystal 2 indicates the material consists of a 2:1 Rifaximin:piperazine
cocrystal with approximately 1 mole of acetonitrile (Figure 43). Similar to the spectrum of cocrystal
1, the presence of small peaks throughout the spectrum indicates partial decomposition of the
molecule in this solvent.

An IR spectrum of cocrystal 2, with labeled peaks, is presented in Figure 44. Observed and
characteristic peaks are listed in Figure 45. While the majority of IR peaks were similar to those of
Rifaximin, two characteristic peaks, unique to cocrystal 2, were observed. Similarly, a Raman
spectrum, also with labeled peaks, is given in Figure 46, and observed and characteristic peak lists

are shown in Figure 47. Several peaks unique to cocrystal 2 (e.g., characteristic peaks) were
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90 y (deg) 90 Volune (A3/cell) 11,529.5 VIZ (A3/formula unit) 2882.4
Assumed Conposition a 2(C43H5i N3011) C4.H oN2 x(CH3CN) 0 <x<6 Density

(g/ cnB) a Wo2b11:53441. 10 Wei ght Fraction Solvent (% a 0 <P€IAIS011A390BENSI ty
and wei ght fraction solvent are based on the assumed conposition. WD
2011/ 153444PCT/ US2011/ 039085 Rel ative Hum dity Stressing of Cocrystal 1
Cocrystal 1 was stressed at approximately 75% and 97% relative humdity
(RH) at anbient tenperature, and pulls were nade after 3 days, 1 week, and
2 weeks (Table 18). Dry orange solids were observed at each condition.
Conversion to Rifaximn Form[3-1 by XRPD was observed at 97%5 RH for the
3- day ohssdverl indld Rpynfu) gpecigign; erlésmo(itﬂefdll?aﬁltdeRarzarva@a weth ghaseof deatajieed and
wer e C y, 1l-week, and 2-week pulls
at 75%?%% nhgﬂ%%\e{% ! ?ﬁgi‘%gé#e%i%%gﬁ%aéltg&nﬁ@ Lﬁr g%d peaks si mlar to
cocrystal 1 wi th an additional peak at approximately 5 '20 (Figure 48).
These experldfrentsfil}ommmg }aQe grgsf{al is not stable at el evated RH
condi tions oBet“ermni ng PRE“SGi " y of Cocrystal 1 for Solubility

St 6di es Indexing and detctbie rbéncalheart conpasivrel fthdicalieoindexed DD patern of

(equi lj.priumor kinetic a.cocrystal., it should remain inta upon

expos Lﬁlgx‘c“&ne?&lﬁéa&ﬁ’g 0889!%‘14 I Elui*t&}té/dz’é‘?%gﬂﬁ At Hg%{eefil?nﬁ e (2 q@t‘”ég PGk
ChaHQ?SIflmsmamwlkw bHRAR IGQE 2L antl thB oWRLredd, pdaRf iddiites it @SRleHt bR cémy be
introduced as an alternative to solublllt in which dissolution_ of

pel | etdetgFminpiionc owiegestig) infexipgpefdhe aﬁterrh@wéafé? that the sa%@é&wpgﬁedrﬁma%pf
changg sfn?gléTbHQQﬁmE es§da9@ groups consls@nt B&nGARS st@ne& @?tlr&lfaﬁ%yrﬁbcﬁ QmP@élﬁZ' ne
cocrystal conversion to Rifaximn Form|[3-1 was observed after 5 m nutes
(a8 m@mam@rﬁahrbdmyeéq@nﬂtlm¢ gpulefedst lzhlyihg in water; thus, aqueous
solubility of the cocrystal could not be neasured (Table 20). 20 Table 20:
Agueous Slurries of Rifaximn:Piperazine Cocrystal 1 Conditions Habit/

Descr iTableol8: AnBEXike Solution and Verivéd Quantitbes fomRifaxindin Piperading Coerystal ter ), dry

under reduced—pressure—5+mh-
Form / Pattern Rifaximin-Piperazine cocrystal
Family and Orthorhombic
Space Group P2,2,2, (#19)
7'/Z 1/4
aA) 14.116
b (A) 16.477
¢ (A) 42.795
0. (deg) 90
P (deg) 90
Y (deg) 90
Volume (A’/cell) 9953.7
V/Z (A*/formula unit) 2488.4
Assumed Composition® 2(C3H51N3011) - CaHoN,
Density (g/cm’)? 1.11
Weight Fracti;)n Solvent N/A
(%)

a. Density and weight fraction solvent are based on the assumed composition.
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smal | amount solid collected; bright orange, aggregates and very fine
particles, not birefringent API, FormO-1 vacuumfilter (nylon filter), dry
under redwvoediipisesigure -4 mn. (N2 bl own over filter foPCTAISEIINHOP0BF I ght
orange, aggregates and tiny particles, not birefringent APlI, FormO-1
vacuum filter (nylon filter), dry under reduced pressure and N2 gas -3 mn.
bri ght orange, aggregates and tiny particles, not birefringent API, Form
0-1 When cocrystal 1 was pressed into a pellet, additional peaks at
approximately 5 and 17 ' 20 were observed by XRPD, and the nmaterial was | ow
crystalline (Table 21). Since the cocr%/stal form 25changed upon

conpr essi oAndexhg of Rifakingp:Pipgragins (eeiystal 2 at e coul d not be measured either.
PO 20011153444 R Lnly'3e0d QRRAR p B0 cBinfri CRAMRIESST PR FARRHINTBAS plyli of

Ri f axi m n: Pi perazine Cocrystal 1 Conditions Habit/ Description XRPD Resul t
1000 s Rifaximimpipetariie orcansge 24N Nosabvate) o illudisatedor kigeral381 A greakent httwe& and
17 02 c. . Attenpted & h.of . Singl.e . Crystal s SNunerous attenpts were
made 1 Fl<Sis aRG FETATD Taet B e bR PR SR R TRe T P P R

ut 61 i zbmgstammpait odil fdewanhmatiors ofucadstud indexigvenhé aatdrs dldi@nts, thal thie sympland

cooling techni qgues, hut al| experinments were unsuccessful due to the
f or matTBROGH g P13 kot Rrbas are CrYEEaFRIRTERPIRY PPty Engh)
10 Takk€nctidn sShbgl, &infer 68t gHrarkdt@dt hd A BRBtgah@ics Rird dabulidd Al PAII@20NEThe
Cocrystal Mol ar Ratioa ) ) )
indexed unit cell volume allows up to six moles of ACN per formula unit, assuming a 2:1
Rifaximin:piperazine stoichiometry.

10

Table 19: Indexing Solution and Derived Quantities for Rifaximin:Piperazine Cocrystal 2

Form / Pattern Rifaximin-Piperazine ACN Solvate
Family and Orthorhombic
Space Group P2,2,2, (#19)
7'/Z 1/4
a ) 14.234
b (A) 16.713
¢ (A) 48.465
0. (deg) 90
B (deg) 90
7 (deg) 90
Volume (A’/cell) 11,529.5
V/Z (A*/formula unit) 2882.4
Assumed Composition * 2(C43H51N3O“()) ' SC;I;%NZ' X(CHCN)
Density (g/cm’)? 0.96 <y <1.10
Weight Fracti;)n Solvent 0<7<12.9
(%)

a. Density and weight fraction solvent are based on the assumed composition.
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Sol vent System Conditions Habit/Descriptionb Singles 2: 1 DCM sonicated to
sol ution, ACN added, refrigerated bl ades, plates, birefringent Yes;

fract ur edw®:201106B44g80ni cated to solution, nultiple vial YDOTWS28TH@BRdeS,
birefringent Yes; fractured, dissolved 2:1 DCM sonicated to solution, VD w
ACN bl ades, unknown nor phol ogy, birefringent Yes; fractured 2:1 DCM
sonicated to solution, VD w ACN bl ades, plates, birefringent Yes;
fractured 2: 1 DCM

Relative Humidity Stressing of Cocrystal 1
Cocrystal 1 was stressed at approximately 75% and 97% relative humidity (RH) at ambient
temperature, and pulls were made after 3 days, 1 week, and 2 weeks (Table 18). Dry orange solids
were observed at each condition. Conversion to Rifaximin Form -1 by XRPD was observed at 97%
5 RH for the 3-day and 1-week pulls; solids isolated after 2 weeks were not analyzed and were
assumed to have converted as well. The 3-day, 1-week, and 2-week pulls at 75% RH all showed the
same XRPD pattern: broad peaks, similar to cocrystal 1 with an additional peak at approximately 5

°20 (Figure 48). These experiments show that the cocrystal is not stable at elevated RH conditions.

10 Determining the Suitability of Cocrystal 1 for Solubility Studies
In order to be able to measure the aqueous solubility (equilibrium or kinetic) of a cocrystal, it
should remain intact upon exposure to aqueous conditions for some duration. If it dissociates or
changes forms quickly upon contact with water, intrinsic dissolution may be introduced as an
alternative to solubility, in which dissolution of a pellet of the cocrystal is measured; however, the
15 cocrystal must not change form upon compression.
In the case of the Rifaximin:piperazine cocrystal 1, conversion to Rifaximin Form -1 was
observed after 5 minutes (as well as 3 hours and 7 hours) of slurrying in water; thus, aqueous

solubility of the cocrystal could not be measured (Table 20).

20  Table 20: Aqueous Slurries of Rifaximin:Piperazine Cocrystal 1

Conditions Habit/ Description XRPD Result
recover filtrate, vacuum filter (nylon small amount solid collected;
filter), dry under reduced pressure ~5 bright orange, aggregates and very API, Form B-1
min. fine particles, not birefringent

vacuum filter (nylon filter), dry under bright orange, ageregates and tiny

reduced pressure ~4 min. (Nz blown particles. not birefringent APIL, Form B-1
over filter for ~1 min.)

vacuum filter (nylon filter), dry under bright orange, aggregates and tiny AP, Form p-1

reduced pressure and N, gas ~3 min. particles, not birefringent ’

When cocrystal 1 was pressed into a pellet, additional peaks at approximately S and 17 °20 were
observed by XRPD, and the material was low crystalline (Table 21). Since the cocrystal form

25  changed upon compression, the intrinsic dissolution rate could not be measured either.

60



soni cated to solution, vial coated wwth mneral oil, VD w ACN bl ades,

bi refringent Yes; fractured a. Ratio given is API: coforner.

b. Sanpl esoabserssad i n-situ and aliquots transferred toPgirassogiosmes with
needl es, picks and pipets, nmounting in Paratone-N and mneral oils.
Qobservations of "not birefringent” indicate also that no 15extinction was
observed. Both forns of the Rifaximn:piperazine cocrystal resulted
only fromacetonitrile-containing solvent systens, and both occur in a 2:1
Ri f axi m n: pi perazine stoichionmetric ratio by proton NVR Thermal data
indicates that both cocrystals fall apart upon heating. 20Cocrystal 1 is
non- sdiapde 2/ Gompaession Bxperimenf fpr Rifaygnivsipprazing/ ConrsstakkRPD of t he post -
DVS material showed conversion to a material simlar to cocrystal 1 plus
two additi ongr—peaks Stressi-ngot—tRe epciystat—at—aRpEpginatel v 97% RH

i nduced conversion tbcondgial axi i [For mﬂ_ibét?]z cal%tt)élﬁ 3 Q&%ﬁiﬁgﬂﬁ[ ressing at
approxi mat el y 75% R P$6MiPds conveltadret 89 et eri‘al | sismd ar2etio. that of the
post-DVS nmaterial, but with only one additional peak by XRPD. 61 WO

2011/ 153444PCT/ US2011/ 039085 Cocrystal 2 contains approximately 1
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the sample is composed primarily of a single crystalline phase. Space groups consistent with the
assigned extinction symbol, unit cell parameters, and derived quantities are tabulated in Figure
61. To confirm the tentative indexing solution, the molecular packing motifs within the
crystallographic unit cells must be determined. No attempts at molecular packing were

25  performed.
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Figure 62 shows a process flow diagram for the production of Form Eta and Form Iota as
well as mixtures of other forms with Eta and Iota. In one aspect, a method for making rifaximin
Form eta, comprises precipitating rifaximin from ethanol; drying the precipitated rifaximin under
nitrogen; maintaining the precipitated rifaximin at an elevated temperature for 30 minutes or longer.

5 In certain embodiments, the maintining is at about 40 °C for about 2 hours or longer. In other
embodiments, the maintining is under vacuum at about 60 °C for 2 hours or longer. In other
embodiments, the drying is for about 10 minutes or less.

A method for making rifaximin Form iota, comprises precipitating rifaximin from ethanol;
drying the precipitated rifaximin under nitrogen; and maintaining the rifaximin at ambient

10 temperature. In certain embodiments, the maintining further comprises the rifaximin under vacuum
for 6 or more hours. In certain embodiments, the maintining further comprises the rifaximin at
between about 22% and 50% humidity. In other embodiments, the drying is for about 10 minutes or
less.

A method for making rifaximin Form iota and Form theta mixtures, comprises precipitating

15  rifaximin from ethanol; drying the precipitated rifaximin under nitrogen; and maintaining the
rifaximin at from between about 10% RH to about 46% relative humidity (RH) at ambient
temperatures from at least one hour to about 6 horus or longer. In other embodiments, the drying is
for about 10 minutes or less.

Figure 62 shows an exemplary XRPD of Form Iota and Form lota unit cell measurements. In

20  one aspect, provded herein is a rifaximin Form Iota having substantially similary measurments to
those shown for Form Iota in Figure 62. Figure 64 shows lota indexing in graphical format, wherein
peak positions are plotted against cell volume. Indexing is described in more detail infra.

Figure 65 shows an exemplary XRPD of Form Eta and Form Eta unit cell measurements. In
one aspect, provded herein is a rifaximin Form Eta having substantially similary measurments to

25  those shown for Form lota in Figure 65. Figure 65 shows Eta indexing in graphical format, wherein

peak positions are plotted against cell volume. Indexing is described in more detail infra.
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Example 4: Form 0

Preparation
Large Scale Experiment
5 In one example, Form 6 was obtained by drying Form { under vacuum at ambient
temperature for approximately 6 hours. Form 6 may be an ethanolate based on 1H-NMR results.
One sample contains two moles of ethanol per mole of rifaximin by 1H-NMR, but the volume
estimated from the tentative XRPD indexing solution indicates the unit cell is able to
accommodate up to 4 moles of ethanol per mole of rifaximin. XRPD patterns of Form 6 were
10 indexed successfully. Successful indexing of the powder diffraction pattern exhibited by this
form provides support that Form 0 is a single crystalline phase.

Rifaximin Form 6 was obtained at large scale by vacuum drying of Form {. In this
Example, 58.96 g of rifaximin was added to 300 mL of ethanol with stirring at ambient
condition. The rifaximin almost completely dissolved initially and yielded a very dark red

15  solution. With continuous stirring, the solution became lighter in color and turbidity increased
until an orange/red paste was formed. At that point, the another 100 mL of ethanol was added.
The total volume of ethanol was 400 mL. The slurry sample was then vacuum filtered through a
filter paper under nitrogen environment (21% RH, 22 °C) and a red-orange paste was obtained.
Once filtrate stopped dripping from the end of funnel, the filter cake was broken loose on the

20  filter paper with a spatula while vacuum and nitrogen still remained on. The total drying time of
the sample on filter paper was approximately 30 minutes.

The resulting solid was identified as Form { by XRPD. This solid sample was later dried
under vacuum for approximately 6 hours at ambient temperature. The post XRPD pattern
confirms that the solid converted to Form 0 after vacuum drying.

25

Small Scale Experiment

In this Example, 1 mL ethanol was added to 251.5 mg rifaximin. When sonicated, the
rifaximin almost all dissolved initially. But red/orange precipitate was formed upon further

sonication. Another 1 mL ethanol was added (total ethanol = 2 mL) and sonicated. A thick paste
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was obtained. The solid was isolated by filtering through a filter paper and rinsed with 2 mL of
ethanol. The material was subsequently transferred into a 20 ml vial sealed with filter paper and
tumbled within the vial under a high velocity stream of nitrogen for approximately 10 minutes.
Free-flowing, orange/red opaque fines were observed under microscope and identified as Form 6

by XRPD analysis.

Characterization

The XRPD patterns of Form 6 from the large-scale experiment are shown in Figure 67.
The sample was re-analyzed by XRPD after 8 days of ambient storage and remained Form 6.

A list of peak positions for one XRPD pattern of rifaximin Form 6 obtained from the
small scale experiment described above) is presented in Figure 68. Observed and prominent
peak lists are included in Table 24 and Table 25, while representative and characteristic peak

lists are not included.

Table 24. Observed Peaks for Rifaximin Form 9

20 d space (A) Intensity (%)
5.14+0.10 17.186 £ 0.341 20
5.48 £0.10 16.138 + 0.300 89
6.40 +0.10 13.821 +£0.219 9
7.00+0.10 12.634 +£0.183 20
7.75 +£0.10 11.409 +0.149 100
797 +£0.10 11.099 +0.141 18
8.72 +0.10 10.143 +0.117 62
9.09 +£0.10 9.733 £0.108 25
10.06 +£0.10 8.797 + 0.088 5
10.32 £0.10 8.570 £ 0.084 6
10.46 +£0.10 8.461 +0.081 6
10.96 +£0.10 8.075 +£0.074 19
11.83 £0.10 7.483 + 0.064 21
11.99 £0.10 7.379 £ 0.062 30
1241 £0.10 7.132 +£0.058 10
12.68 £0.10 6.982 +0.055 21
12.81 £0.10 6.909 + 0.054 11
13.16 £0.10 6.726 + 0.051 22
13.33 £0.10 6.642 + 0.050 10
13.55 +0.10 6.536 +0.048 19
14.33 £0.10 6.180 + 0.043 10
14.58 £0.10 6.074 + 0.042 9
14.78 £ 0.10 5.992 +0.041 20
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15.35 £0.10 5.772 +0.038 12
15.52 £0.10 5.710 + 0.037 18
16.56 +0.10 5.355 + 0.032 12
16.69 +0.10 5.312 + 0.032 7
17.07 £0.10 5.193 + 0.030 6
17.31 £0.10 5.124 + 0.030 6
17.51 £0.10 5.065 + 0.029 12
17.73 £0.10 5.004 + 0.028 11
18.01 £0.10 4.926 + 0.027 9
18.19 £0.10 4.876 + 0.027 12
18.44 £0.10 4.810 £ 0.026 12
18.80 £0.10 4.721 £ 0.025 8
19.26 +0.10 4.608 + 0.024 17
19.36 £0.10 4.584 + 0.024 13
19.76 £0.10 4.492 + 0.023 14
20.18 +0.10 4.400 + 0.022 17
20.68 +0.10 4.294 + 0.021 15
21.18 +0.10 4.194 + 0.020 11
21.99 +0.10 4.043 £ 0.018 21
22.57 +0.10 3.939 + 0.017 15
22.96 +0.10 3.874 +0.017 13
2331 £0.10 3.817 £ 0.016 8
24.11 +0.10 3.691 + 0.015 16
24.89 +0.10 3.577 £ 0.014 7
2536 +0.10 3.512 +0.014 7
25.50 +0.10 3.494 + 0.014 7
25.93 +0.10 3.436 = 0.013 5
26.18 +0.10 3.404 + 0.013 3
26.42 +0.10 3.374 + 0.013 10
26.80 +0.10 3.327 +0.012 5
27.20 +0.10 3.278 + 0.012 5
27.55 +0.10 3.238 + 0.012 7
27.87 +0.10 3.201 + 0.011 5
28.30 +0.10 3.153 + 0.011 6
28.89 +0.10 3.091 +0.011 8
29.29 +0.10 3.049 + 0.010 7
Table 25. Prominent Peaks for Rifaximin Form 0
°20 d space (A) Int(e,;ll) S)lty
5.48 £0.10 16.138 +0.300 89
7.00 £0.10 12.634 +0.183 20
7.75 £0.10 11.409 +0.149 100
8.72 +0.10 10.143 £ 0.117 62
9.09 £0.10 9.733 +0.108 25
10.96 + 0.10 8.075 + 0.074 19
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An indexing solution from the XRPD pattern was also obtained. Indexing is the process
of determining the size and shape of the unit cell given the peak positions in a diffraction pattern.
The term gets its name from the assignment of Miller index labels to individual peaks.

The XRPD pattern of rifaximin Form 6 was indexed using proprietary SSCI software and

5 is illustrated in Figure 69. The indexed solution was verified and illustrated using CheckCell
version 11/01/04.

Agreement between the allowed peak positions, marked with the bars in Figure 67, and
the observed peaks indicates a consistent unit cell determination. Successful indexing of the
pattern indicates that the sample is composed primarily of a single crystalline phase. Space

10 groups consistent with the assigned extinction symbol, unit cell parameters, and derived

quantities are tabulated in Table 26.

Table 26. Indexing Solution and Derived Quantities

15

Form / Pattern Rifaximin Form
Family and Orthorhombic
Space Group P2,2,2, (#19)
VYAYH A 2/8
a(A) 15274
b (A) 20.277
¢ (A) 32.231
0. (deg) 90
B (deg) 90
¥ (deg) 90
Volume (A%/cell) 9982.3
V/Z (A*/asym. unit) 1247.8
Assumed Composition CasHs 11(\)1350;5 ZC2H6O
Density (g/cm’)? 1.05<y<1.29
Weight Fraction Solvent (%)* 0<z<19.0
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0.026 12 18.80 0.10 4.721 0.025 8 19.26 0.10 4.608 0.024 17 19.36 0.10
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20. 68 0.WO0 24112344440. 021 15 21. 18 PCT/US2011/039085

Assuming two independent rifaximin molecules in the asymmetric unit, there is sufficient
volume remaining for up to four molecules of ethanol per molecule of rifaximin. Density and
solvent values calculated in Table 26 are listed with a range of zero to four molecules of ethanol
per molecule of rifaximin. 1H-NMR result indicated that the Form 0 sample analyzed contained

5  approximately 2 moles of ethanol per mole of rifaximin (Table 27).

Table 27. Characterizations of Rifaximin Form 0

Analytical
Techzique Results
0
XRPD 0 (after 8 days of ambient storage)
DSC Endo: 63, 106, and 220 °C
TGA 10.9% wt loss up to 120 °C
Karl-Fischer 0.27 % of water by weight
1 Chemical structure intact,
H-NMR 2 moles of ethanol per mole of rifaximin
Solid-state °C NMR Spectrum acquired
ATR-IR Spectrum acquired
Raman Spectrum acquired
-7.314 % wt change upon equilibration at 5% RH
Moisture Balance 5.733 % wt gain from 5%-95% RH
5.826 % wt lost from 95%-5% RH
Post-MB XRPD 1
10 Additional characterization data for rifaximin Form 0 are presented in Figure 70 through

Figure 72, and are summarized in Table 27.

Moisture sorption data for rifaximin Form 6 are shown in Figure 71. An initial weight
loss of 7.3% was observed upon equilibration at 5% RH. The material exhibited a 5.7% weight
gain from 5 to 95% RH and a 5.8% weight loss from 95 to 5% RH. The overall weight loss is

15  approximately 7.4%. The XRPD pattern of the specimen post-moisture sorption (Figure 72) has

been assigned as Form 1.
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Example 5: Particle Sizes
Rifaximn Forms have different particle sizes. Below is a Table listing particle sizes for each

of the kappa and eta Forms of rifaximin.

5 Table 28. Particle size distributions for Rifaximin forms

Form d10 ds0 dao
b
(um)® | (um) (pm)*
As received 0.399 8.629 33.891
K 15.551 90.684 225.815
n 3.857 79.844 290.353

a. 10% of the total volume of particles being less than

the indicated particle size in pm.

b.  50% of the total volume of particles being less than
10 the indicated particle size in pm.

c.  90% of the total volume of particles being less than

the indicated particle size in pm.

Example 6: Experimental Methods
15 Compression
A weighed amount of a given Rifaximin:piperazine cocrystal was transferred to a Wood's die
and compressed using a Carver press at given parameters. The resulting pellet was broken apart and

analyzed.

20  Computational Methods
Indexing of Rifaximin:Piperazine Cocrystal 1
The XRPD pattern of the Rifaximin:piperazine cocrystal 1 was indexed using X'Pert High
Score Plus (X'Pert High Score Plus 2.2a (2.2.1).)
The indexed solution was verified and illustrated using CheckCell version 11/01/04
25  (CheckCell 11/01/04; found on the world wide web at www.ccpl4.ac.uk/tutorial/lmgp)
Indexing of Rifaximin:Piperazine Cocrystal 2
The XRPD pattern of Rifaximin:piperazine cocrystal 2 (ACN solvate) was indexed using
proprietary SSCI software.
The indexed solution was verified and illustrated using CheckCell version 11/01/04.
30
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Peak Picking of IR and Raman Spectra

Peak picking was performed using Omnic version 7.2. Infrared and Raman spectra are
presented for each of the starting materials and cocrystals with all Observed Peaks labeled. Observed
Peaks include all IR and Raman peaks for a given form, with the exclusion of very weak intensity

S peaks and broad peaks with poorly defined maxima.

Characteristic Peaks are a subset of Observed Peaks and are used to differentiate one
crystalline form from another crystalline form. Characteristic peaks are determined by evaluating
which observed peaks, if any, are present in one crystalline form of a compound against all other
known crystalline forms of that compound to within + 4 cm-1. Not all crystalline polymorphs of a

10 compound necessarily have at least one characteristic peak. Characteristic Peaks are identified for the
Rifaximin:piperazine cocrystal 2.

Peak position variabilities are given to within + 2 cm-1, based on the observed sharpness of
the peaks picked and acquisition of data using a 2 cm-1 data point spacing (4 cm-1 resolution). Third
party measurements on independently prepared samples on different instruments may lead to

15 variability which is greater than + 2 cm-1.

X-ray Powder Diffraction Peak Identification Process
The peak picking data presented in this report contain x-ray diffraction patterns with labeled
peaks and with peak lists. Under most circumstances, peaks within the range of up to about 30° 20
20  were selected. Although peaks are labeled on diffraction patterns and listed in tables, for technical
reasons, different rounding algorithms were used to round each peak to the nearest 0.1° or 0.01° 20,
depending upon the instrument used to collect the data and/or the inherent peak resolution. The
location of the peaks along the x-axis (°20) in both the figures and the lists were automatically
determined using proprietary software (PatternMatchTM 3.0.1) and rounded to one or two significant
25  figures after the decimal point based upon the above criteria. Peak position variabilities are given to
within +0.1° 20 based upon recommendations outlined in the USP discussion of variability in x-ray
powder diffraction (United States Pharmacopeia, USP 32, NF 27, Vol. 1, pg. 392, 2009). Third party
measurements on independently prepared samples on different instruments may lead to variability
which is greater than +0.1° 20. For d-space listings, the wavelength used to calculate d-spacings was

30  1.541874 A, a weighted average of the Cu-Kal and Cu-Ko2 wavelengths (Phys. Rev. A56(6) 4554-
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4568 (1997). Variability associated with d-spacing estimates was calculated from the USP
recommendation, at each d-spacing, and provided in the respective data tables.
If multiple diffraction patterns are available, then assessments of particle statistics (PS)
and/or preferred orientation (PO) are possible. Reproducibility among XRPD patterns from multiple
5  samples analyzed on a single diffractometer indicates that the particle statistics are adequate.
Consistency of relative intensity among XRPD patterns from multiple diffractometers indicates good
orientation statistics. Alternatively, the observed XRPD pattern may be compared with a calculated
XRPD pattern based upon a single crystal structure, if available. Two-dimensional scattering
patterns using area detectors can also be used to evaluate PS/PO. If the effects of both PS and PO are
10 determined to be negligible, then the XRPD pattern is representative of the powder average intensity
for the sample and prominent peaks may be identified as “Representative Peaks”. In general, the
more data collected to determine Representative Peaks, the more confident one can be of the
classification of those peaks.
“Characteristic peaks”, to the extent they exist, are a subset of Representative Peaks and are
15  used to differentiate one crystalline polymorph from another crystalline polymorph (polymorphs
being crystalline forms having the same chemical composition). Characteristic peaks are determined
by evaluating which representative peaks, if any, are present in one crystalline polymorph of a
compound against all other known crystalline polymorphs of that compound to within +0.1 °20. Not
all crystalline polymorphs of a compound necessarily have at least one characteristic peak.
20
Instrumental Techniques
Differential Scanning Calorimetry (DSC)
DSC was performed using a TA Instruments 2920 or Q2000 differential scanning
calorimeter. Temperature calibration was performed using NIST traceable indium metal. The
25  sample was placed into an aluminum DSC pan, covered with a lid, and the weight was accurately
recorded. A weighed aluminum pan configured as the sample pan was placed on the reference side
of the cell. The data acquisition parameters and pan configuration for each thermogram are
displayed in the image in the Data section of this report. The method code on the thermogram is an

abbreviation for the start and end temperature as well as the heating rate; e.g., 25-250-10 means
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"from 25 °C to 250 °C, at 10 °C/min". The following table summarizes the abbreviations used in

each image for pan configurations:

Abbreviation (in comments) Meaning
5 LpP Lid perforated with a laser pinhole
HS Lid hermetically sealed
HSLP Lid hermetically sealed and perforated with a laser pinhole
C Lid crimped
NC Lid not crimped

10
Dynamic Vapor Sorption (DVS)
Automated dynamic vapor sorption (DVS) data were collected on a VIT SGA-100 Vapor
Sorption Analyzer. NaCl and PVP were used as calibration standards. Samples were not dried prior
to analysis. Sorption and desorption data were collected over a range from 5 to 95% RH at 10% RH
15  increments under a nitrogen purge. The equilibrium criterion used for analysis was less than 0.0100%
weight change in 5 minutes with a maximum equilibration time of 3 hours.
Infrared Spectroscopy (IR)
IR spectra were acquired on Magna-IR 860® Fourier transform infrared (FT-IR)
spectrophotometer (Thermo Nicolet) equipped with an Ever-Glo mid/far IR source, an extended
20  range potassium bromide (KBr) beamsplitter, and a deuterated triglycine sulfate (DTGS) detector.
Wavelength verification was performed using NIST SRM 1921b (polystyrene). An attenuated total
reflectance (ATR) accessory (Thunderdome™, Thermo Spectra-Tech), with a germanium (Ge)
crystal was used for data acquisition. Each spectrum represents 256 co-added scans collected at a
spectral resolution of 4 cm-1 A background data set was acquired with a clean Ge crystal. A Log 1/R

25 (R =reflectance) spectrum was obtained by taking a ratio of these two data sets against each other.

Optical Microscopy
Samples were observed under a Wolfe optical microscope with crossed polarizers at either 2x
or 4x objectives or under a stereomicroscope with a first order red compensator with crossed

30  polarizers at 0.8x to 10x objectives.
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WO 2011/ 153444PCT/ US2011/ 039085 An indexing solution fromthe XRPD
pattern was al so obtained. Indexing is the process of determning the size
and shapewofotihes3anit cell given the peak positions in a&cuiusboiaosdoseh

pattern.
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to individual peaks. The XRPD pattern of rifaximn Form O was i ndexed using
proprietary SSCI software and 5is illustrated in Figure 69. The indexed
solution was verified and illustrated using CheckCell version 11/01/04.
Agreenment between the all owed peak positions, marked with the bars in
Figure 67, and the observed peaks indicates a consistent unit cel

determ nation. Successful indexing of the pattern indicates that the sanple
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25

the Data section of this report.

Solution 1D "H NMR Spectroscopy (SDS, Inc.)

Two solution "H NMR spectra were acquired by Spectral Data Services of Champaign, IL at
25 °C with a Varian UNITYINOVA-400 spectrometer at a 'H Larmor frequency of 399.798 MHz.
The samples were dissolved in DMSO-dg or CDCl;, respectively. The spectra were acquired with a
1H pulse width of 6.0 ps, a S second delay between scans, a spectral width of 7000 Hz with 35K data
points, and 40 co-added scans. The free induction decay (FID) was processed with 64K points and
an exponential line broadening factor of 0.2 Hz to improve the signal-to-noise ratio. The residual
peak from incompletely deuterated DMSO is at approximately 2.50 ppm; incompletely deuterated
chloroform appears as a singlet at 7.26 ppm. The relatively broad peak at approximately 3.3 ppm is
due to water (in the spectrum collected in DMSO only).

Raman Spectroscopy

Raman spectra were acquired on a FT-Raman module interfaced to a Magna-IR 860®
Fourier transform infrared (FT-IR) spectrophotometer (Thermo Nicolet) equipped with an indium
gallium arsenide (InGaAs) detector. Wavelength verification was performed using sulfur and
cyclohexane. Each sample was prepared for analysis by placing the sample into a glass tube and
positioning the tube in a gold-coated tube holder. Approximately 0.300 W of Nd:YVO4 laser power
(1064 nm excitation wavelength) was used to irradiate the sample. Each spectrum represents 256 co-

added scans collected at a spectral resolution of 4 cm™.
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Wi ght Fraotoomssahvent (% a 0<z< 19.0 15 WO 2011/ 1532¢1RSTd 182981/ 039085
Assum ng two independent rifaximn nolecules in the asymetric unit, there
I's sufficient volune remaining for up to four nol ecul es of ethanol per

nol ecul e of rifaximn. Density and sol vent values calculated in Table 26
are listed with a range of zero to four nol ecul es of ethanol per nolecule
of rifaximin. 1HNWR result indicated that the Form 0 sanple anal yzed
cont ai ned Sapproximately 2 noles of ethanol per nole of rifaximn (Table
27). Table S@ﬁd'S@ﬁ‘?ANW 2PacHatcPphOSHIMIR f axi min Form 0 Anal ytical Techni que

Resul ts XRARe Qolid-state *C cross polarization magic angle spinning (CP/MAS) NMR spectra were
acquired at ambient temperature on a Varian UNITYINOVA-400 spectrometer (Larmor frequencies:
BC = 100.542 MHz, 'H = 399.789 MHz). The sample was packed into a 4 mm PENCIL type

S zirconia rotor and rotated at 12 kHz at the magic angle.
The first three data points of the FID were back predicted using the VNMR linear prediction
algorithm to produce a flat baseline. The chemical shifts of the spectral peaks were externally

referenced to the carbonyl carbon resonance of glycine at 176.5 ppm.

10 Thermogravimetry (TGA)

TGA analyses were performed using a TA Instruments 2950 or Q5000 IR thermogravimetric
analyzer. Temperature calibration was performed using nickel and Alumel. Each sample was placed
in an aluminum pan. The sample was hermetically sealed and the lid was pierced (for Q5000 only),
then inserted into the TG furnace. The furnace was heated under nitrogen. The data acquisition

15  parameters for each pattern are displayed in the image in the Data section of this report. The method
code on the thermogram is an abbreviation for the start and end temperature as well as the heating

rate; e.g., 25-350-10 means "from 25 °C to 350 °C, at 10 °C/min.”

X-Ray Powder Diffraction (XRPD)
20 Inel XRG-3000 Diffractometer
XRPD patterns were collected with an Inel XRG-3000 diffractometer. An incident beam of
Cu Ka radiation was produced using a fine-focus tube and a parabolically graded multilayer mirror.
Prior to the analysis, a silicon standard (NIST SRM 640c) was analyzed to verify the Si 111 peak
position. A specimen of the sample was packed into a thin-walled glass capillary, and a beam-stop
25  was used to minimize the background from air. Diffraction patterns were collected in transmission
geometry using Windif v. 6.6 software and a curved position-sensitive Equinox detector with a 20
range of 120°. The data-acquisition parameters for each pattern are displayed above the image in the

Data section of this report.
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10Addi tional characterization data for rifaximn FormO are presented in
Figure 70 through Figure 72, and are summarized in Table 27. Moi sture
sorption data for rifaximn FormO are shown in Figure 71. An initial
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analyzed in transmission geometry. A beam-stop was used to minimize the background generated by
air. Soller slits for the incident and diffracted beams were used to minimize broadening from axial
divergence. Diffraction patterns were collected using a scanning position-sensitive detector
10 (X'Celerator) located 240 mm from the specimen and Data Collector software v. 2.2b. The data-
acquisition parameters for each pattern are displayed above the image in the Data section of this

report including the divergence slit (DS) before the mirror and the incident-beam antiscatter slit (SS).

Hot-Stage Microscopy
15 Hot stage microscopy was performed using a Linkam hot stage (FTIR 600) with a TMS93
controller mounted on a Leica DM LP microscope equipped with a SPOT Insight™ color digital
camera. Temperature calibrations were performed using USP melting point standards. Samples were
placed on a cover glass, and a second cover glass was placed on top of the sample. As the stage was
heated, each sample was visually observed using a 20x0.4 N.A. long working distance objective with
20  crossed polarizers and a first order red compensator. Images were captured using SPOT software (v.

4.5.9).

Karl-Fischer Titration
Coulometric Karl Fischer (KF) analysis for water determination was performed using a
25  Mettler Toledo DL.39 KF titrator. A blank titration was carried out prior to analysis. The sample was
prepared under a dry nitrogen atmosphere, where approximately 1 gram of the sample were dissolved
in approximately 1 mL dry Hydranal — Coulomat AD in a pre-dried vial. The entire solution was
added to the KF coulometer through a septum and mixed for 10 seconds. The sample was then
titrated by means of a generator electrode, which produces iodine by electrochemical oxidation: 2 I”

30  —1I2+2e". Two replicates were obtained to ensure reproducibility.
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press at given paraneters. The resulting pellet was broken apart and

anal yzed. 20 Conputational Methods | ndexing of Rifaximn:Piperazine

Cocryst al ?uwalemsThe XRPD pattern of the Rifaximn:piperazine cocrystal 1
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SRM 192 Ib (pol ystyr ene). An attenuated total reflectance (ATR) accessory
(Thunder domeT S ctra- Tech) ni.um

used for dg'?lan}aocn(ﬁ?lugclﬁ%c%(ﬁgnﬁach Sp eq \llj\hn%“rnggtrhesen JUHERE raZ dcd%&lsscans

cobl echadctatized berR@pé@ﬂa stiessoltially anﬂaf todrigure 21 Andvackiguewid 01d|a>t Raiga@t spaesa

acquired w.t | ea tal ,_ A 1/R 25(R = refl ect ance) spectrum
was ot aﬁ‘é‘ﬁil%bi}mﬁ %@guée ?%IYFS%WO%S %ﬂﬁ‘&%n?%mar&t ks lgéléeaé st each ot her.
Optical M croscopy Sanpl es were observed under a Wl fe optical

m croscope With crossed polarizers at either 2x or 4x objectives or under a
st er edni cr d9€spEPWNIrcepreing & Clatervheadn B TIEn S DT PhCTIEs écxhlblts an
30pol a¢ |.Z2&fo%dat diftrdor ttl‘ﬂf(haq ecﬁgﬂayt@ﬁstlc S%Q%l%és%éﬁf%eéﬁsgl Q@@g’oﬁ 169
Proton N Spect roscopy/ Sol ut | § I@R Spectroscop e so ut| on
NVR s@éc@mmm(me@cq@rm@dkmh&tWIawq %OWWWNO\/A- 400 spectroneter. The
sanpl es were prepared by dissolving approximately 5 to 10 ng of sanple in
DVBO- d6 or CDCb 5containing TMS. The data acquisition paraneters are

di spl d9ed iThetch@pdunkisicqliag toflainh® veieedt themfiimimgpiatiac secisiabn e@hibithars

r epor Solto 1D.1H NVR Spectrosco S | nc T 0 i0 H NVR
RSO 5t T T S AT St R SN MR PRl O T T

wi t h @) ytasr 7AR OUNI @f 3’8 N@W& 4Q0 sspeGiRINNEes.en; atl 988314l'b ILardfrsr74f4r eqoensy+ 0f10;
were dissolved in espectlvely

THé S|c§e?c1t1\E 8 1%%@ %%ihuuq‘]é)dOWFf‘\ 0- 13 G 58- 1\% &t% 1)9 1 3(1}d|9a8§ 818 eedfid

del ay )o@t WBEMR $ ERMS4Y 20 3OS 3 Wndbhordy 747080 08 st (359 dad. 20 RAl @tﬁ,+ and
40 co-added scans. The free induction decay (FID) was processed wth 64K

poi nt $-14dnd an exponential |ine broadening factor of 0.2 Hz to inprove the
signal -to-noise ratio. The residual 15 peak frominconpletely deuterated
DVMSO is at approxinmately 2.50 ppm inconpletely deuterated chloroform
appearls. as Thestogpend abecdrddy ppnelaifihed, rwha’einvehey rifa0mch: Ipipakzia& cocrystal 1

appr ox matel e to water pect,r um

o)y ChiEi el POt ) S i bty bt B pr IS B
modul eubsmnaﬁlﬂ;acﬁdlat Qo FidvRga; bRbGEINIR) ot isetstdntiallys bioiny It@ffﬁg,ﬁfredl(d?rbyl R)
spect ro%hot onet er. Ther m N col et) equipped with an indium gallium arsenide

(1 nGaASINM pihstagial W@i‘réﬂgfgﬁrev@rl fication was performed using sul fur and
cycl ohexane. Each sanpl e was prepared for analysis by placing the sanple
into a glass tube and positioning the tube in a gold-coated tube hol der.
Appr oXimat dihy cemawdweﬁrdma Loygian pagkgreip dhgeri fa2Bin Qg raine sReryttalt | eibiting

el I e the sanple. Each spectrumrepresents 256
co¥ Sgggmma s co qg%‘?neélﬁl ggipectral resolution of 4 cm1. WO
2011/ 153444PCT/ US2011/ 039085 Sol i d- State NWVR Spect roscopy ( SSNVR) The

solid tate 13C cr Iarlztlo n nni n

spect 13 nert caugar et ARy Qi o MRge G B dEHTEN DRER’ R 60
spect rcoergitalr2. (Lar mor frequencies: 13C = 100. 542 MHz, 1H = 399.789 MHz). The
sanpl e was packed into a 4 nrmPENCIL type 5zirconia rotor and rotated at 12
kHz at the magi c angl e.
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The first three data points of the FID were back predicted using the VNWVR

| inear prediction algorithmto produce a flat baseline. The chem cal shifts
of the speotwalispaaks were externally referenced to thepcaniseoylo3mas bon
resonance of glycine at 176.5 ppm 10Thernogravinmetry (TGA) TGA

anal yses were performed using a TA Instrunents 2950 or (6000 IR

t hernogravi netric anal yzer. Tenperature calibration was perforned using

ni ckel and Alunel. Each sanple was placed in an al um num pan. The sanpl e
was hernetically sealed and the Ilid was pierced (for 000 only), then
inserted into the TG furnace. The furnace was heated under nitrogen. The
dat a ddqui dihej omrpengacemdingrig ¢lym dacWhpsin Sientipxenigipssraiiedcichystahe? iisrage
inth : [ [ : r is an
abbr v Sty oo A S o OB P DB R A, 21 e
e. g., IR5pEBG- sLbstammily strhilartp 252 20 ®80r €jguat 44:0or@ynRamin XpcRay sHpwagally

D ffract.ion (XRP | nel . XRG- 3000 Diffractoneter D rns _were
col | eatuli®f G AP TR o B EF oSl 4T ey BB S R e

r afi atsulsmnvaldy pmdaiuo dibunséher iy NMRespéacisabdtamiallgrichilar pafighol.cal | y graded
mul tilayer mrror. Prior to the analysis, a silicon standard (N ST SRM
640c) was anal yzed to verify the Si 111 peak position. A specinmen of the
sanpl §;5vas aek@foindtadcddinfidicli 1B dheleassic faRithindiperaARdodryReRIEGINEn 2 S
was used to mnimze the background fromair. Diffraction patterns were

col | edRepectigm feakisarisBay i I§g8kddry using Wndif v. 6.6 software and a
curved position-sensitive Equinox detector with a 20 range of 120. The

dat a-acqui sition paraneters for each pattern are displayed above the inmage
i A0t hd 6Dat d’hs otmpomdofccerding tp gpontl 3, Wi 1the 16344ia RERIAI8RODLIYSBD D 88hibits

PANal yt i . PrQ. j t o tern r

col 1 et 5Py AT Bl R SRRl wros PR RE LRI 2B G 010

i nci delngreb@prongirisiog onadi @mbicgralprined deigusi Mg rdigu@pdi.x |1 ong, fine-focus
source. An elliptically graded nmultilayer mrror was used to focus Cu Ka
X-rays through the specinmen and onto the 5 detector. Prior to the analysis,
a siliigon specbiPBurddMcSIrdBRIVb 086 ) 3WaEerdinahy Aetirhia: piirdzne ddags@l 2 tdibpeak
position. A specinmen of the sanple was sandw ched between 3 pmthick filnms
and a8l RFadrvwier dHfasHos nagrmeget shyraciaripicapaakt sproaed lisdagreed 26i(mi-h-Ye t he

baCkgH@g@QeQﬁﬁ@&ﬁLQQQPiS@Eﬁluﬁghbgfqﬁéiﬁﬁ)IQHOfﬂ@OE@FﬂQ@Q@iﬂmﬂ)QthKﬁQEed
beans were used to minimze broadening from axial divergence. ffraction

g
pat t elOnd); aep.&8 ed) 1B étedt OdPnGlAa+deBhditNg: Pdei &2 ohUsléhaid PO& +dbtber dro4H
(X Cel-grf f . cl a ) t fiHwar e
(X Cobpeasl | RE Lo o407 Lgmd e ASE LI, o062 EPLD g6 0n SRl
above 7tWet 0.4dgeo( A Otlhe8.Dat-d). Keeatd 901 &f0. t10hbs3.6€pdx 10; 5138 I:Udl (h@.45he0.d0Veé(gence

sl,jt he m r d i ncjd - be ti t it S

o0: stagdon o 5oy bbb W MRge et BaboRy sdEtperrer i 18l a2
hot  stoai@e afFI.0 R+@0@)} o8 bl +0. TYESZ comd;redd €0.10pTRY ed). W) 7301:2€0.6 aVISIP +

m croscope equi pped wth a SPOT I nsight TM col or digital canmera. Tenperature
cal | biakr BrethePdOpert sirluoterig lGPY et 10 ARt 6D #E- Wk andar ds. Sanpl 65 ver o
pl aced on a cover glass, and a second cover glass was placed on top of the
sanple. As the stage was heated, each sanple was visually observed using a
20x0. 48N. AA FoRpPuURerkemgingils chire d. sbpe Fua Wpph of odrgsedopn ot sy aand a
fhESt e : : r g SPOT software (v.
425 oy POREI SR SRCRRRRE Qimah WRER S35, CABRMEIHAR. L) nal vei o for
wat er determ nation was performed using a 25 Mettler Tol edo DL39 KF
titrataqr. bl ank titration s carried gut prior _ta analysis., The sanple
wns prdpar ueUREPYE Ry PR akEly Rt iR cPuBPo PR sty SR i of
t he safiginggip&atdhsseiysed is 0 lappFoaxpam] e & 1dasiS % pyreHyidit adusl 80% Goud, @rat  AD
in a re-q@jed vi al T@S entire solu%%?n was added to the KF coul oneter
througﬁmg) B BT Ah AR &PV o P 40 LABYS The sanpl e was then titrated by
mggns of a generator el ectrode, which produces iodine by el ectrochem cal
oxidation: 2 r 30-> 12 + 2e. Two repl kgates were obtained to ensure
reproducibility. 76 WD 2011/ 153444PCT/ US2011/ 039085 Equi val ents

Those skilled in the art wll recognize, or be able to ascertain using no
nore than routine experinentation, nmany equivalents to the specific

enbodi ments of the invention described 5herein. Such equivalents are

i ntended to be enconpassed by the followng clains. WO

2011/ 153444PCT/ US2011/ 039085 What is clainmed is: 1. A Form kappa of
rifaximn, a Formtheta and/or a rifaximn:piperazine cocrystal. 5 2. A
conmpound according to claim 1, wherein formkappa is characterized by an
XRPD substantially simlar to 1, 2, 3, 10 and 16 or is characterized by a

~N A~ —— e\ N ey . 4= N . — ~ — A~ o



103. A compound of claim 1, wherein formkappa of rifaximn is characterized
by the peaks listed in Table 3 or Table 4. 4. A conmpound of claiml1,
wher ei n fwormkizpspa4of rifaximn exhibits an X-ray powdePcCaitske1amsd08s
pattern haying characteristic peaks expressed in degrees 20 (+/- 0.10
degree 0) at (6.45 - 15 6.67) 0.20, (6.83 - 6.94) 0.20 and (7.68 - 7.78)
0.20; (6.45 - 6.67) 0.20, (6.83 - 6.94) 0.20 and (18.46 - 18.61) 0. 20;
(6.45 - 6.67) 0.20, (6.83 - 6.94) 0.20 and (7.52 - 7.56) 0.20; (6.83 -
6.94) 0.20, (7.68 - 7.78) 0.20 and (18.46 - 18.61) 0.20; (6.45 - 6.67)
0.20, (6.83 - 6.94) 0.20, (7.68 - 7.78) 0.20 and (18.46 - 18.61) 0. 20;
(6.832D. 6. guyomgpupd acqopdigg ta clging ) whegeip diorm kagg of rifaxz@yn, agiopp thgty aqdl@. 46 -
18. 61); a}gmgpﬁipérgzirdfe?cdcr 1 kthe O isé B pBRmacdiidf ac&'pga%le hiep2 - 7.56)
0.20, (7.68 - 7.78 .20 20 an 18748 - 18. 61 0.20; (6.45 - 6.67)

0.20, (6.83 - 6.94) 0.20, (7.52 - 7.56) 0.20, (7.68 - 7.78) 0.20, (8.30

- 8.3 0.20 and ((18.46 - 18.61 . 20: or 5.41. -~ 5.065 .20, (6,45 -
5. o7 o, 2t b SeiBng w0 Bulgp). B ion®hr bt Fosdy Bipha oBrifunberdity o
(8530 thetBardr a ria2Mhirapidercdific d@rystal BreGdgmulfle@8. coatbd oAuronpod uhikiabadodidig t o

claiml1, wherein the rifaximn:piperazine cocrystal is 25characterized by
an XRBPER Bg’r%ﬂﬁi’is‘é%ﬁfxfo%t?‘ﬁi’lhlarlozﬁ & 8%?’%@16??’ Péh S pgroveETs IRS%%?PEH%%&S-
according to claim1l1, wherein the rifaximn:piperazine cocrystal conprises
cocrystal 1. WD 2011/ 153444PCT/ US2011/ 039085 7. The compound according to
cl ai m26; wHePEresstieriofiycasg Hemn Srpsr A fAE D EPYRIAIE anG & BErAdhePrhed by
an XRPR.subsiinti g4y simlar to one or nore of Figures 19, 23, 25, 30
and/or 48. 8. The conpound according to claim®6, wherein the
rilaxi m n: pi perazine cocrystal 1 is 5characterized by IR spectra

subst ant i al siLff ar Fi gur. - and/ or  Fi X : a
subst ot i art b fRprdlelkdt i gdn AUl G EHS R P Bl Yp CATHL-SRE TR O
Fi gur encBihds liste@in Tdbée Konpound according to claim 6, wherein the
rifaximn:piperazine cocrystal 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.10

degr e@4100)The Qb ithdt 9f QRGN O, WHEEn PiRakStal is ShedcteRzddl U be XBEPTP kutst@ukIe; 27.
10. The compound according to claim8, wherein the rifaximn:piperazine
caer ystrailar o Wighiep PP er & X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.10 degree 0) at 5.74
0.10; 6.58 0.10; 7.49 0.10; 8.21 0.10; and 9.83 0.10; or 5.74 0.10;
7.49 20. 10;Thggognzheta @f ¢Rim dpavhgredBthe ghetp forpy ofbrifagimig cxlyibits ak &K-ray pperdeg. 21

0. 10; BMtyiughgling 2pg0r by A0 funRb it By i Gokedolyon

conpount Oddcbpidi Aatt A8t Ailfh BOO WOEOET.AS el 0r BI72x i (h 98i0ped.a8,ind086er(y bt al 1

2Q.char ized T ve ti.all {1 to. Fj gure 28;
ot by B et PdBs Badt ey e § i 0 B S0 e Bl ) o WL Eng
subst groia.hy, 75150 0.20, dr .48igUIE 735 00.10WnSSMYR LIRS AL kal. 10y 7.90 MJ. &Y, akdD
Figure 32. 12. The conpound according to ¢laim®6, wherein the

ri faxi®mat Bilfettazthé Clde Py dral-14. @R+ Pl 9518 $ 5t POm*plaksnddO9hckn i n
Fi gur ¢ 3d4or 7.48+ 0A0COTP UM, RECOHSILDA Ot 6 LHEL B 1D, 7. MLD08IONS FHE 0.10, and 10.96
rifaxi mn:piperazine cocrystal COH&%ISES cocrystal 2. WO

2011/ ¥EBEBAPETRUSE00.19- 08808, andi]0.9he OcldrpolAl 4t Ko rdismy046, &Thim h3and

rei hen 1d. faxihpim 7 azi talip2 is characterized by an XRPD
suBst Antra e R R R AL IR RS M BT, o Do 20, 37 andlor 39+ or by
| R spectra substantially simlar to Figure 21 and/or Figure 44; or by Raman

spectr.a substanti all im.lar tp Figure 22, Figure 46 .and/ n r..nore
poaks Bt “riigtnarh gl gy el aBeset e Goe St s o bl

Fi gur sinditar a6 HyurdNVR ag@eat 4 aGUbsisantidlBl dinilsi @ Figiiret70) dridgutreemddture 3&ptidihe
conmpouynd. accor di. to.claim13, wherein the rifaxi mn;pjperazine caocrystal
2 exhiBHil H&S'iapélag%e%@‘rlﬂrﬂ’ bR lagndzq{cfvwss-ﬁwiﬁﬂw%mw. Xﬁ%@éﬂhﬁ%@ﬂ@&hﬁ@&ﬁb
aggor ¢h pguteorocl ai m 13, wherein the rifaximn: pi perazine cocrystal 2
exhibits an X-ray powder diffraction gattern having characteristic peaks
expressed in degrees 20 (+/- 0.10 degree 0) conprising one or nore peaks
listed in Figure 40 or Figure 41. 17.The conpound according to claim 13,
wherein the rifaximn:piperazine cocrystal 2 exhibits 15an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 20
(+/- 0.10 degree 0) at 3.64 0.10; 5.58 0.10; 6.45 0.10; 7.29 0.10; 7.60
0.10; 8.27 0.10; and 9.01 20 0.10; and 9.01 0.10; or 3.64 0.10; 5.58
0.10; 6.45 0.10; 7.29 0.10; 7.60 0.10; and 8. 27



0.10; or 3.64 0.10;, 5.58 0.10; 6.45 0.10; 7.29 0.10; and 7.60 0. 10.
18. A conmpound according to claim1, wherein Form kappa of rifaximn, Form
t het a andworzom/544i4f axi m n: pi perazi ne cocrystal contai nPCeas24thaswo896 by

wei ght total inpurities. 19. A conpound according to claim11, wherein Form
kappa of rifaximn, Formtheta and/or a rifaximn:piperazine cocrystal is
at |l east 50% pure, or at |east 75% pure, or at |east 80% pure, or at |east
90% pure, or at |east 95% pure, or at |east 98% pure. 30 WO

2011/ 153444PCT/ US2011/ 039085 20. A compound according to claim1, wherein
Form kappa of rifaximn, a Formtheta and/or a rifaximn:piperazine
cocrystal further conprise a pharmaceutically acceptable carrier. 21. A
conmpourd a la f

i A e R L i o R RE el L PRE S
fornulated as coated or uncoated tablets, hard or soft gelatin capsules,
sugar-coated pills, |ozenges, wafer sheets, pellets or powders in seal ed
packets. 22. A process for producing Form Kappa of rifaximn conprising
one or nore of the nethods listed in Tables 1 and 2. 10 23. A process for
produci ng a rifaxi m n: pi perazine cocrystal conprising one or nore of the
methods listed in Table 10. 24. The formtheta of claim1, wherein the
theta is characterized by an XRPD substantially 15simlar to Figures 60 or
68. 25. The Formtheta of claim1l, wherein the theta formof rifaximn
exhibits an X-ray powder diffraction pattern haying one or nore of the
follow ng characteristic peaks expressed in degrees 20 20 7.00 0.10, 7.75
0.10, or 5.48 0.10, 7.75 0.10, and 8.72 0.10; or 5.48 0.10, 7.00 O0.10,
and 8.72 0.10; or 5.48 0.10, 8.72 0.10, and 9.09 0.10; or 5.48 0.10,
9.09 0.10, and 10.96 0.10; or 7.75 0.10, 8.72 0.10, and 9.09 0.10; or
7.00 0.10, 7.75 0.10, 8.72 0.10, and 10.96 0.10; or 8.72 0.10, 9.09
0.10, and 10.96 0.10; or 7.00 0.10, 7.75 0.10, 8. .72 0.10, and 2510.96
0.10; or 7.00 0.10, 8.72 0.10, and 10.96 0.10. 26. The Formtheta of
claim1l1, wherein Formtheta is characterized by a DSC substantially simlar
to Figure 70 and/ or a TGA substantially simlar to Figure 70 and/or a

noi sture sorption XRPD substantially simlar to Figure 71 and/or a

post-noi sture sorption XRPD substantially simlar 30to Figure 72. WO
2011/ 153444PCT/ US2011/ 039085 27.Formtheta of claim 1, conprising one or
nore of the peaks identified inTable 24 or 25..
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