
WO 2009/108730PCT/US2009/035192 FORMS OF RIFAXIMIN AND USES THEREOF
RELATED APPLICATIONS       This application claims the benefit of US
Provisional Application No.: 61/031,329, filed February 25, 2008, the
entire contents of which are expressly incorporated herein by
reference. BACKGROUND       Rifaximin (INN; see The Merck Index, XIII
Ed., 8304) is an antibiotic belonging to the rifamycin class of
antibiotics, e.g., a pyrido-imidazo rifamycin. Rifaximin exerts its
broad antibacterial activity, for example, in the gastrointestinal
tract against localized gastrointestinal bacteria that cause
infectious diarrhea, irritable bowel syndrome, small intestinal
bacterial overgrowth, Crohn's disease, and/or pancreatic
insufficiency. It has been reported that rifaximin is characterized
by a negligible systemic absorption, due to its chemical and physical
characteristics (Desconzbe J.J. et aL Pharnzacokinetic study of
rifaxinzin after oral administration in healthy volunteers. Int J
Clin Pharnzacol Res, 14 (2), 51-56, (1994)).       Rifaximin is
described in Italian Patent IT 1154655 and EP 0161534, both of which
are incorporated herein by reference in their entirety for all
purposes. EP 0161534 discloses a process for rifaximin production
using rifamycin 0 as the starting material (The Merck Index, XIII
Ed., 8301). . U.S. Patent No. 7,045,620 B1 and PCT Publication WO
2006/094662 Al disclose polymorphic forms of rifaximin.
Rifaximin is approved for the treatment of pathologies caused by non
-invasive strains of Escherichia coli, a micro-organism which is not
able to penetrate into GI mucosa and therefore remains in contact
with gastrointestinal fluids. SUMMARY       Described herein are
polymorphic and amorphous forms of rifaximin not previously
described. Form c, Form Form a-dry, Formt and amorphous forms of
rifaximin are described herein.  WO 2009/108730PCT/US2009/035192 Also
described herein are polymorphic forms of rifaximin, including 13-1,
3-2, and s-dry. Described herein is a new unique mesylate salt form
of rifaximin.       According to one aspect, the polymorph Form C
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 4.7 (doublet),
7.6 (doublet), and 9.5 degrees 2-0; or 4.7 (doublet), 7.3, and 8.2
degrees 2-0; or 7.6 (doublet), 8.6, and 10.5 degrees 2-0; or 8.2,
8.6, and 9 5 degrees 2-0; or 10.2 (triplet), 12.6 (quintet), and 13.2
(doublet) degrees 2-0; or 7.3, 10.5, and 12.9 (doublet) degrees 2-0;
or 7.3, 7.6 (doublet), 8.2, 8.6 degrees 2-0; or 4.7 (doublet), 7.3,
7.6 (doublet), 9.5, and 10.5 degrees 2-0; or 8.2, 8.6, 9.5, 10.2
(triplet), and 10.5 degrees 2-0; or 8.6, 9.5, 10.2 (triplet), 10.5,
and 11.2 (doublet) degrees 2- 0; or 4.7 (doublet), 6.3, 6.4, 7.3, 7.6
(doublet), 8.2, 8.6, 9.5, 10.2 (triplet), 10.5, 11.2 (doublet), 11.9
(doublet), 12.2 (weak), 12.6 (quintet), 12.9 (doublet), 13.2
(doublet) degrees 2-0.       According to one aspect, the polymorph
Form C exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
4.7 (doublet), 7.6 (doublet), and 9.5 degrees 2-0; or 4.7 (doublet),
7.3, and 8.2 degrees 2-0.       According to one aspect, the
polymorph Form C exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
7.6 (doublet), 8.6, and 10.5 degrees 2-0.       According to one
aspect, the polymorph Form C exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 8.2, 8.6, and 9.5 degrees 2-0.       According to one



According to one aspect, the polymorph Form C exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 8.6, 9.5, 10.2 (triplet), 10.5, and
11.2 (doublet) degrees 2-0.       According to one aspect, the
polymorph Form C exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
4.7 (doublet), 6.3, 6.4, 7.3, 7.6 (doublet), 8.2, 8.6, 9.5, 10.2
(triplet), 10.5, 11.2 (doublet), 11.9 (doublet), 12.2 (weak), 12.6
(quintet), 12.9 (doublet), 13.2 (doublet) degrees 2-0.
According to one aspect, Form ri exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 6.1, 7.3, and 75 degrees 2-0; or 6.1, 7.3, and 7.9
degrees 2-0; or 6.1, 7.3, and 8.8 degrees 2-0; or 6.1, 7.3, and 12.7
degrees 2- 0; or 6.1, 7.5, and 8.8 degrees 2-0; or 6.1, 7.5, and 7.9
degrees 2-0; or 5.3, 6.1, and 7.3 degrees 2- 0; or 5.3, 6.1, and 79
degrees 2-0; or 5.3, 6.1, and 12.7 degrees 2-0; or 5.3, 6.1, and 7.5
degrees 2-0; or 5.3, 6.1, and 8 8 degrees 2-0; or 6.1, 7.3, 7.5, 7.9,
8.8, and 12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.5, 7.9, 8.8, 12.7
degrees 2-0; or 5.3, 6.1, 7.3, 7.9, 8.8, and 12.7 degrees 2-0; or
5.3, 6.1, 7.3, 7.5, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.5,
7.9, 8.8, and 12.7 degrees 2-0.       According to one aspect, Form
ri exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 6.1, 7.3, and 7
5 degrees 2-0; or 6.1, 7.3, and 7.9 degrees 2-0.       According to
one aspect, Form 11 exhibits an X-ray powder diffraction pattern
having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 6.1, 7.3, and 8.8 degrees 2-0.       According to one aspect,
Form i exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
6.1, 7.3, and 12.7 degrees 2-0.  WO 2009/108730PCT/US2009/035192
According to one aspect, Form ti exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 6.1, 7.5, and 8.8 degrees 2-0.       According to one
aspect, Form ri exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
6.1, 7.5, and 7.9 degrees 2-0.       According to one aspect, Form fi
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, and
7.3 degrees 2-0.       According to one aspect, Form ri exhibits an
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, and 7.9
degrees 2-0.       According to one aspect, Form n exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, and 12.7 degrees 2-0.
According to one aspect, Form 11 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.3, 6.1, and 7.5 degrees 2-0.       According to one
aspect, Form ri exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+1- 0.20 degree 0) at
5.3, 6.1, and 8.8 degrees 2-0; or 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7
degrees 2-0.       According to one aspect, Form 11 exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.3, 6.1, 7.3, 7.5, 7.9, 8.8, 12.7
degrees 2-0.       According to one aspect, Form TI exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in



According to one aspect, the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 7.4  0.1; 20.0  0.1; 20.9 0.1.
According to one aspect, the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 13.9  0.1; 14.9  0.1.
According to one aspect, the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 20.0  0.1; 20.9  0.1; 23.4  0.1.
According to one aspect, the polymorph Form t exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in
degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 13.9  0.1; 14.9  0.1;
20.0  0.1; 20.9  0.1.      According to one aspect, the polymorph
Form t exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
7.4  0.1; 12.7 0.1; 13.9  0.1; 23.4  0.1.      According to one
aspect, the polymorph Form 1 exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.9  0.1; 7.4  0.1; 7.9  0.1; 12.7  0.1; 13.9  0.1; 14.9
0.1; 20.0  0.1; 20.9  0.1; 23.4  0.1.      According to one aspect,
the polymorph Form t exhibits an X-ray powder diffraction pattern
having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.9  0.1; 7.4  0.1; 7.9  0.1; 9.0  0.1; 9.4  0.1; 12.7 0.1;
13.9  0.1; 14.9  0.1; 20.0 0.1; 20.9 0.1; 23.4 0.1 WO
2009/108730PCT/US2009/035192      According to one aspect, the
polymorph Form t exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.9  0.1; 13.9 0.1; 14.9  0.1; 20.0  0.1; 20.9  0.1; or 5.9  0.1;
13.9  0.1; 14.9  0.1; or 7.4  0.1; 12.7 0.1; 13.9  0.1; 23.4  0.1; or
20.0  0.1; 20.9  0.1; 23.4  0.1; or 5.9  0.1; 7.4  0.1; 7.9  0.1;
12.7 0.1; 13.9  0.1; 14.9  0.1; 20.0  0.1; 20.9  0.1; 23.4  0.1; or
5.9  0.1; 



7.4  0.1; 7.9  0.1; 9.4  0.1; or 7.4  0.1; 20.0  0.1; 20.9  0.1; or
5.9+ 0.1; 7.4  0.1; 7.9  0.1; 9.0  0.1; 9.4  0.1; 12.7  0.1; 13.9
0.1; 14.9 0.1; 20.0  0.1; 20.9  0.1; 23.4  0.1.      According to one
aspect, the polymorph Form t exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.9  0.1; 7.9  0.1; 9.0  0.1; 12.7  0.1; 13.9  0.1; 14.9
0.1.      According to one aspect, the polymorph Form t exhibits an
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 7.9  0.1;
9.0  0.1.     According to one aspect, the polymorph Form t exhibits
an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 12.7  0.1; 13.9 0.1;
14.9 0.1.      According to one aspect, the polymorph Form t exhibits
an X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 7.9  0.1;
12.7  0.1.      According to one aspect, the polymorph Form t
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 9.0
0.1; 12.7  0.1.      According to one aspect, the polymorph Form t
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 13.9
0.1; 14.9 0.1.      According to one aspect, the polymorph Form t
exhibits an X-ray powder diffraction pattern having characteristic
peaks expressed in degrees 20 (+/- 0.20 degree 0) at 5.9  0.1; 7.9
0.1; 14.9  0.1.  WO 2009/108730PCT/US2009/035192       According to
one aspect, the polymorph Form t exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 9.0  0.1; 12.7 0.1; 14.9  0.1.      According to one
aspect, the polymorph Form t exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+/- 0.20
degree 0) at 5.9  0.1; 7.9  0.1; 9.0  0.1; 14.9  0.1.      According
to one aspect, the polymmph Form t exhibits an X-ray powder
diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.9  0.1; 7.9  0.1; 9.0  0.1; 12.7  0.1.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.34  0.10; 8.46
0.10; 10.95  0.10; or 5.34  0.10; 6.93  0.10; 8.46 0.10; or 5.34
0.10; 10.95  0.10; 16.23  0.10; 17.70  0.10; or 7.41  0.10; 8.46
0.10; 10.62  0.10; 10.95  0.10; or 16.23  0.10; 17.70  0.10; 17.94
0.10; 19.29  0.10; 22.77  0.10; or 16.23  0.10; 17.70  0.10; 19.29
0.10; 22.77  0.10; or 5.34 0.10; 16.23  0.10; 17.70 0.10; or 5.34
0.10; 6.93  0.10; 7.41  0.10; 8.46  0.10; 10.62  0.10; 10.95  0.10;
16.23  0.10; 17.70  0.10; 17.94  0.10; 19.29  0.10; 22.77  0.10.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.34  0.10; 6.93
0.10; 7.41  0.10; or 5.34  0.10; 741  0.10; 8.46  0.10; 10.62  0.10;
or 5.34  0.10; 8.46  0.10; 10.62  0.10; 10.95  0.10; 16.23  0.10; or
6.93  0.10; 8.46  0.10; 10.62  0.10; 10.95  0.10; or 10.62  0.10;
10.95  0.10; 16.23  0.10; 17.70  0.10; 17.94  0.10; or 6.93  0.10;
7.41  0.10; 8.46  0.10; or 5.34  0.10; 6.93  0.10; 7.41  0.10; 17.94
0.10; or 5.34 0.10; 6.93  0.10; 7.41  0.10; 8.46  0.10; 10.62 0.10;
or 5.34  0.10; 6.93  0.10; 7.41  0.10; 8.46  0.10; 10.62  0.10; 10.95
0.10; 1623 0.10; or 5.34  0.10; 6.93  0.10; 7.41  0.10; 8.46  0.10;



According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree A) at 10.62  0.10; 10.95
0.10; 16.23  0.10; 17.70 0.10; 17.94 + 0.10; .29  0.10.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 6.93  0.10; 7.41
0.10; 8.46 0.10.      According to one aspect, the mesylate Form of
rifaximin exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.34  0.10; 6.93  0.10; 7.41  0.10; 17.94  0.10.      According to
one aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.34  0.10; 6.93  0.10; 7.41  0.10; 8.46
0.10; 10.62  0.10.      According to one aspect, the mesylate Form of
rifaximin exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.34  0.10; 6.93  0.10; 7.41 + 0.10; 8.46  0.10; 10.62 + 0.10; 10.95
0.10; 16.23  0.10.      According to one aspect, the mesylate Form of
rifaximin exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.34  WO 2009/108730PCT1US2009/035192  0.10; 6.93  0.10; 7.41  0.10;
8.46  0.10; 10.62 + 0.10; 10.95  0.10; 16.23  0.10; 17.70  0.10;
17.94  0.10; .29  0.10; 22.77  0.10; 24.81 + 0.10; 27.81  0.10.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.34  0.10; 8.46
0.10; 10.95  0.10.      According to one aspect, the mesylate Form of
rifaximin exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.34 0.10; 6.93  0.10; 8.46  0.10.      According to one aspect, the
mesylate Form of rifaximin exhibits X-ray powder diffraction pattern
having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34  0.10; 10.95  0.10; 16.23  0.10; 17.70 0.10.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 7.41  0.10; 8.46 0.10;
10.62 0.10; 10.95  0.10.      According to one aspect, the mesylate
Form of rifaximin exhibits X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
16.23  0.10; 17.70  0.10; 17.94  0.10; 19.29  0.10; 22.77 0.10.
According to one aspect, the mesylate Form of rifaximin exhibits
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 16.23  0.10; 17.70
0.10; 19.29 0.10; 22.77  0.10.      According to one aspect, the
mesylate Form of rifaximin exhibits X-ray powder diffraction pattern
having characteristic peaks expressed in degrees 20 (+/- 0.20 degree
0) at 5.34 0.10; 16.23  0.10; 17.70  0.10.      According to one
aspect, the mesylate Form of rifaximin exhibits X-ray powder
diffraction pattern having characteristic peaks expressed in degrees
20 (+/- 0.20 degree 0) at 5.34  0.10; 6.93 + 0.10; 7.41  0.10; 8A6
0.10; 10.62  0.10; 10.95  0.10; 16.23  0.10; 17.70  0.10; 17.94 0.10;
19.29  0.10; 22.77 0.10.      According to one aspect, a polymorph
amorphous forms exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at



According to one aspect, a polymorph amorphous forms exhibits an
X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 20 (+/- 0.20 degree 0) at 5.1- 10.1 (amorphous
halo range), 7.3 (approximate halo maximum), and 15.8 (approximate
halo maximum) degrees 2-0.       According to one aspect, a polymorph
amorphous forms exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
5.1- 10.1 (amorphous halo range), 7.3 (approximate halo maximum),
11.3-17.8 (amorphous halo range), 15.8 (approximate halo maximum)
degrees 2-0.       In one embodiment, the amorphous forms exhibits
thermogravimetric analyses (TGA) of a 1.5% weight loss at 100 C.  WO
2009/108730PCT/US2009/035192       In one embodiment, the polymorph
exhibits Differential Scanning Calorimetry (DSC) of a broad endotherm
at about 78 C and a minor endotherm at 203 C.       In one
embodiment, polymorph amorphous forms exhibits Modulated Differential
Scanning Calorimetry (MDSC) shows a glass transition (Tg) temperature
onset to be about 199 C.       In one embodiment, the Form C, Form
11, Form a-dry, Form t, Form 13-1, Form [3-2, Form e-dry, mesylate
Form or amorphous forms of rifaximin contain less than 5% by weight
total impurities.       In one embodiment, the Form C, Form Form
a-dry, Form t, Form 13-1, Form 13-2, Form e-dry, mesylate Form or
amorphous forms of rifaximin is at least 50% pure, or at least 75%
pure, or at least 80% pure, or at least 90% pure, or at least 95%
pure, or at least 98% pure.       According to one embodiment, the
pharmaceutical composition comprises one or more of a Form C, Form
II, Form a-dry, Form 1, Form 13-1, Form p-2, Form e-dry, mesylate
Form or amorphous forms of rifaximin and a pharmaceutically
acceptable carrier.       In one embodiment, the composition further
comprises one or more pharmaceutically acceptable excipients. The
excipients may be one or more of a diluting agent, binding agent,
lubricating agent, disintegrating agent, coloring agent, flavoring
agent or sweetening agent.       According to one embodiment, the
pharmaceutical composition may be formulated as coated or uncoated
tablets, hard or soft gelatin capsules, sugar-coated pills, lozenges,
wafer sheets, pellets or powders in a sealed packet. In a related
embodiment, the pharmaceutical composition may also be formulated for
topical use.       According to another aspect, provided herein are
methods of treating, preventing or alleviating a bowel related
disorder comprising administering to a subject in need thereof an
effective amount of one or more of Form C, Form IL Form a-dry, Formt,
Form 3-1, Form (3-2, Form e-dry, mesylate Form or amorphous forms of
rifaximin.       In one embodiment, the subject is suffering from at
least one bowel related disorder selected from the group consisting
of irritable bowel syndrome, travelers' diarrhea, small intestinal
bacterial overgrowth, Crohn's disease, chronic pancreatitis,
pancreatic insufficiency, enteritis and colitis.  WO
2009/108730PCT/US2009/035192 In one aspect, provided herein are
processes for producing Form C of rifaximin comprising forming an
Et0H slurry of an initial Form a-dry of rifaximin at ambient
temperature and crystallizing rifaximin from the slurry. In one
embodiment, the method further comprises crash cooling the slurry
prior to crystallization.       In another embodiment, the Et0H
slurry comprises an Et0H/H20 slurry in the ratio of from between 1 to
0.02-0.45.       Provided herein, according to one aspect, are
processes for producing a mixture of polymorphs C and y comprising



In one embodiment, the process further comprises milling the produced
amorphous rifaximin.       According to one aspect, provided herein
are processes for producing amorphous rifaximin comprising
precipitation from acetone.       In one embodiment, the process
further comprises milling the produced amorphous rifaximin.
According to one aspect, provided herein are processes of producing
0-2 comprising precipitating a-dry in Et0H/H20 (1/1).       According
to one aspect, provided herein are processes of producing C and
mixtures of C and 7 by precipitating the initial rifaximin forms in
the manner set forth in Table 15.  WO 2009/108730PCT/US2009/035192
According to one aspect, provided herein are processes of producing
mixtures of Form y, including but not limited to Form 7 and Form ri
mixtures and Form y and Form C mixtures where the process comprises
precipitating the initial forms in the manner set forth in Table 14.
According to one aspect, provided herein are processes of producing
mixtures of Form y1 (C) including but not limited to Form y-1 (C) and
Form 13 mixtures, comprising precipitating the initial forms in the
manner set forth in Table 13.       According to one aspect, provided
herein are processes for producing rifaximin forms 13, a and mixtures
of rifaximin a and 13 comprising precipitating the initial forms in
the manner set forth in Tables 10 and 11.       According to one
aspect, provided herein are processes for producing an dry Form of
rifaximin comprising precipitating the initial rifaximin forms in the
manner set forth in Table 16.       According to one aspect, provided
herein are processes for producing rifaximin form 11 and mixtures of
rifaximin forms t and 7 comprising precipitating the initial
rifaximin forms in the manner set forth in Table 17.       According
to one aspect, provided herein are processes for producing amorphous
rifaximin comprising precipitating the initial rifaximM forms in the
manner set forth in Table 18.       According to one aspect, provided
herein are processes for producing Form C, Form 13-1, Form 3-2,
mixtures of Form a and Form p, and Form C-1 of rifaximin comprising
precipitating the initial forms in the manner set forth in Table 19.
According to one aspect, provided herein are processes for producing
Form a-dry, Form a, Form s-dry, Form 11, Form s-dry, Form C, Form y,
amorphous Form, From y-1 (C) and From 13 mixtures, Form C and Form 7
mixtures and Form y and From 1 mixtures of rifaximin comprising
precipitating the initial forms in the manner set forth in Tables 20
- 22.       Provided herein, according to one aspect are processes of
producing a mesylate Form of rifaximin comprising the conditions set
forth in Table 26.       Provided herein, according to one aspect are
processes for producing Form t comprising the conditions set forth in
Table 27.  WO 2009/108730PCT/US2009/035192       Provided herein,
according to one aspect, are kits for treating a bowel disorder in a
subject, comprising one or more of a Form (, Form i, Form a-dry, Form
t, Form 13-1, Form 13-2, Form s-dry, mesylate Form or amorphous forms
of rifaximin and instructions for use.       Provided herein,
according to one aspect, are packaged compositions comprising, a
therapeutically effective amount of one or more of a Form c, Formrj,
Form a-dry, Form t, Form f3-1, Form 13-2, Form s-dry, mesylate Form
or amorphous forms of rifaximin and a pharmaceutically acceptable
carrier or diluent, wherein the composition is formulated for
treating a subject suffering from or susceptible to a bowel disorder,
and packaged with instructions to treat a subject suffering from or
susceptible to a bowel disorder.       In one aspect, a



In another embodiment, the composition is formulated for selected
coated and uncoated tablets, hard and soft gelatine capsules,
sugar-coated pills, lozenges, wafer sheets, pellets and powders in
sealed packets. In one embodiment, the composition is formulated for
topical use.       Presented herein, according to one aspect, are
methods of treating, preventing, or alleviating a bowel related
disorder comprising administering to a subject in need thereof a cell
infected with a virus with an effective amount of one or more of a
Form (, Form Form a-dry, Form t, Form 0-1, Form 13-2, Form c-dry,
mesylate Form or amorphous forms of rifaximin.       According to
another embodiment, wherein the bowel related disorder is one or more
of irritable bowel syndrome, travelers' diarrhea, small intestinal
bacterial overgrowth, Crohn's disease, chronic pancreatitis,
pancreatic insufficiency, or colitis.       Presented herein,
according to one aspect, are methods of assessing the efficacy of a
bowel related disorder treatment in a subject, monitoring the
progress of a subject being treated  WO 2009/108730PCT/US2009/035192
for a bowel related disorder, or a method of selecting a subject for
treatment of a bowel disorder, comprising: determining a
pre-treatment level of bacterial overgrowth;       administering a
therapeutically effective amount of one or more of a Form C, Form
Form a-dry, Form t, Form 13-1, Form 13-2, Form a-dry, mesylate Form
or amorphous forms of rifaximin to the subject; and determining a
post-treatment level of bacterial overgrowth after an initial period
of treatment with the one or more of Form C, Form II, Form a-dry,
Form 1, Form 131, Form 13-2, Form a-dry, mesylate Form or amorphous
forms of rifaximin.       In one embodiment, the modulation of the
level of bacterial overgrowth indicates efficacy of the treatment.
In another embodiment, a decrease in bacterial overgrowth indicates
that the treatment is efficacious.       In another embodiment, the
modulation of the bacterial overgrowth is an indication that the
subject is likely to have a favorable clinical response to the
treatment.       Presented herein, according to one aspect, are kits
for treating a bowel disorder in a subject, comprising one or more
actions for use.       Also presented herein, according to one aspect
are packaged compositions comprising a therapeutically effective
amount of one or more of a Form C, Form Form a-dry, Form i, Form
13-1, Form 13-2, Form a-dry, mesylate Form or amorphous forms of
rifaximin and a pharmaceutically acceptable carrier or diluents,
wherein the composition is formulated for treating a subject
suffering from or susceptible to a bowel disorder, and packaged with
instructions to treat a subject suffering from or susceptible to a
bowel disorder. Presented herein, is use of Form C of rifaximin as a
medicament. Also presented herein is the use of Form ri of rifaximin
as a medicament. Also presented herein is the use of Form a-dry of
rifaximin as a medicament. Also presented herein is the use of Form t
of rifaximin as a medicament.       Also presented herein is the use
of one or more amorphous forms of rifaximin as a medicament. Also
presented herein is the use of Form 13-1 of rifaximin as a
medicament.  WO 2009/108730PCT/US2009/035192 Also presented herein is
the use of Form f3-2 of rifaximin as a medicament. Also presented
herein is the use of Form E-dry of rifaximin as a medicament. Also
presented herein is the use of mesylate Form of rifaximin as a
medicament. 



Presented herein, according to another aspect, are processes for the
production of one or more of a Form C, Form n, Form a-dry, Formt,
Form f3-1, Form 0-2, Form e-dry, mesylate Form or amorphous forms of
rifaximin.       Presented herein, according to another aspect, is a
Form y-1 (C) comprising an XRPD pattern substantially similar to
Figure 1.       Presented herein, according to another aspect, is a
Form C of rifaximin comprising an XRPD pattern substantially similar
to Figure 2.       Presented herein, according to another aspect, is
a Form of rifaximin comprising an XRPD pattern substantially similar
to Figure 3.       Presented herein, according to another aspect, is
a Form amorphous of rifaximin comprising an X,RPD pattern
substantially similar to Figure 4.       Presented herein, according
to another aspect, is a Form amorphous of rifaximin comprising a TGA
and a DSC substantially similar to Figure 5.       Presented herein,
according to another aspect, is a Form C of rifaximin comprising an
XRPD pattern substantially similar to Figure 8.       Presented
herein, according to another aspect, is a Form 1 of rifaximin
comprising an XRPD pattern substantially similar to Figure 9.
Presented herein, according to another aspect, is a Form amorphous of
rifaximin comprising an XRPD pattern substantially similar to Figure
10.       Presented herein, according to another aspect, is a Form t
of rifaxinain comprising an XRPD pattern substantially similar to
Figure 11.       Presented herein, according to another aspect, is a
mesylate Form of rifaximin comprising an XRPD pattern substantially
similar to Figure 15.       Presented herein, according to another
aspect, is a Form amorphous of rifaximin comprising a DSC
substantially similar to Figure 20.  WO 2009/108730PCT1US2009/035192
Presented herein, according to another aspect, is a Form amorphous of
rifaximin comprising a cycling DSC substantially similar to Figure
21.       Presented herein, according to another aspect, is a Form
amorphous of rifaximin comprising a TG substantially similar to
Figure 22.       Presented herein, according to another aspect, is an
amorphous Form of rifaximin comprising a cycling DSC substantially
similar to Figure 24.       Presented herein, according to another
aspect, is a Form amorphous of rifaximin comprising a TO
substantially similar to Figure 25.       Presented herein, according
to another aspect, is a Form amorphous of rifaximin comprising a
cycling DSC substantially similar to Figure 27.       Presented
herein, according to another aspect, is a Form amorphous of rifaximin
comprising a TO substantially similar to Figure 28.       Presented
herein, according to another aspect, is a Form amorphous of rifaximin
comprising a modulated DSC substantially similar to Figure 29.
Presented herein, according to another aspect, is a Form amorphous of
rifaximin comprising a modulated DSC substantially similar to Figure
30. 



Presented herein, according to another aspect, is a Form t comprising
thermal data substantially similar to Figure 31.       Presented
herein, according to another aspect, is a Form t comprising proton
NMR spectrum substantially similar to Figure 34.       Presented
herein, according to another aspect, is a Form ct dry comprising a
TGA and/or DSC substantially similar to Figure 37.       Presented
herein, according to another aspect, is a Form 13-1 of rifaximin
comprising the XRPD substantially similar Figure 38.       Presented
herein, according to another aspect, is a Form 13-2 of rifaximin
comprising the XRPD substantially similar Figure 38.       Presented
herein, according to another aspect, is a Form 13-2 of rifaximin
comprising aTGA and/or DSC substantially similar to Figure 39.  WO
2009/108730PCT/1JS2009/035192       Presented herein, according to
another aspect, is a Form s-dry comprising a TGA and/or a DSC
substantially similar to Figure 40.       Presented herein, according
to another aspect, is a Form s-dry comprising an XRPD pattern
substantially similar to Figure 41. Other embodiment and aspects are
disclosed infra. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an
exemplary XRPD Pattern of Rifaximin Form y-1 (C). Figure 2 is an
exemplary XRPD Pattern of Rifaximin Form C. Figure 3 is an exemplary
XRPD Pattern of Rifaximin Form n. Figure 4 is an exemplary XRPD
pattern of rifaximin Form amorphous. Figure 5 shows an exemplary TGA
and a DSC of rifaximin form amorphous. Figure 6 shows an exemplary
NIDSC of rifaximin form amorphous. Figure 7 depicts results of TGA
and DSC of rifaximin Form 13-2. Figure 8 depicts an exemplary XRPD
pattern of rifaximin Form C. Figure 9 depicts an exemplary XRPD
pattern of rifaximin Form 71. Figure 10 depicts an exemplary XRPD
pattern of rifaximin Form amorphous. Figure 11 depicts an exemplary
XRPD pattern of rifaximin Form t. Figure 12 depicts an exemplary
background subtracted XRPD pattern of Rifaximin, Form Iota.
Figure 13 depicts list of observed peaks for Rifaximin, Form Iota.
Note that the peak labels are meant as a visual aid. Consult Figure
14 for accurate 20 positions. 



Figure 14A depicts peaks for Rifaximin, Form Iota and 14B depicts
prominent peaks for Rifaximin, Form Iota. Figure 15 depicts an XRPD
pattern for the mesylate Form of rifaximin.       Figure 16 depicts
an exemplary background subtracted XRPD pattern of rifaximin mesylate
salt, XRPD.       Figure 17 depicts a list of observed peaks for
rifaximin mesylate salt. Note that the peak labels in this image are
meant as a visual aid. Consult Figure 18 for accurate 20 positions.
WO 2009/108730PCT/US2009/035192       Figure 18A depicts observed
peaks for rifaximin mesylate salt and 18B depicts prominent peaks for
rifaximin mesylate salt. Figure 19 depicts an exemplary XRPD overlay
of rifaximin amorphous attempts.       Figure 20 depicts an exemplary
DSC of rifaximin, amorphous (crash precipitation from ethyl acetate
with heptane).       Figure 21 depicts exemplary results of cycling
DSC of rifaximin, amorphous (crash precipitation from ethyl acetate
with heptane).       Figure 22 depicts exemplary results of TG of
rifaximin, amorphous (crash precipitation from ethyl acetate with
heptane).       Figure 23 depicts an exemplary XRPD overlay of
rifaximin, amorphous (top to bottom): amorphous (crash precipitation
from ethyl acetate with heptane) and likely amorphous.       Figure
24 depicts exemplary results of cycling DSC of rifaximin, amorphous
(1yophilization in p-dioxane: water 1:1).       Figure 25 depicts an
exemplary results of TG of rifaximin, amorphous (1yophilization in
p-dioxane: water 1:1).       Figure 26 depicts an exemplary XRPD of
Rifaximin, amorphous (top to bottom): amorphous (lyophilization in
p-dioxanc: water 1.1) and likely amorphous.       Figure 27 depicts
exemplary results of cycling DSC of rifaximin, amorphous (fast
evaporation from acetone).       Figure 28 depicts exemplary results
of TG of rifaximin, amorphous (fast evaporation from acetone).
Figure 29 depicts exemplary results of modulated DSC of rifaxitnin,
amorphous (crash precipitation from ethyl acetate with hcptanc).
Figure 30 depicts exemplary results of modulated DSC of rifaximin,
amorphous (crash precipitation from ethyl acetate with heptane).
Figure 31 depicts exemplary results of thermal data for rifaximin,
Form t. Figures 32A and 32B depict exemplary results of hot stage
microscopy of rifaximin, Form t. Figure 33 depicts the result of
FT-IR spectrum of rifaximin, Formt.  



WO 2009/108730PCT/US2009/035192 Figures 34A to E depict exemplary
results of proton NMR spectrum of rifaximin, Form 1.       Figure 35
depicts exemplary rifaximin - overlay of FT-IR spectra - expanded
from 3730 to 2663 cm-1 of First - Form a, Second - Form a dry; Third
- Form 13; Fourth - Form y; Fifth - Form 8; Sixth - Form s; and
Seventh - Form amorphous.       Figure 36 depicts an exemplary XRPD
pattern comparison of Rifaximin form a. dry (top), form ct. (middle),
and form cc, reference (bottom). Figure 37 depicts exemplary results
of TGA and DSC of Rifaximin Form u dry.       Figure 38 depicts the
XRPD comparison of rifaximin Form 13-1, (3-2, (3 and Reference Form
ft. (Top to Bottom) First - Rifaximin Form 13-1; Second - Rifaximin
Form 13-2; Third - Rifaximin Form 13, and Fourth - Rifaximin
Reference Form 13 (US Patent Application US 2005/0272754 Al). Figure
39 depicts exemplary results of TGA and DSC of Rifaximin form13-2.
Figure 40 depicts the results of TGA and DSC of Rifaximin form 6-dry.
Figure 41 depicts an exemplary comparison of XRPD Patterns of
Rifaximin Form c dry, and Reference Pattern c. (top to bottom) First
- Form s dry; Second - Form a; and Third - Form E reference, European
Patent Application No. 05 004 695.2, dated March 3, 2005. DETAILED
DESCRIPTION       Embodiments of the invention relate to the
discovery of new polymorphic forms of rifaximin and the use of those
forms as antibiotics. In one embodiment the use of Form ( (Figures 1,
2, and 8), Form 71 (Figures 3 and 9), Form a-dry (Figures 35 - 37),
Form t (Figures 11 - 14, 31 -34), Form 13-1 (Figure and 38), Form
13-2 (Figures 7, 38 and 39), Form s-dry (Figures 40 and 41), mesylate
Form (Figures 15 - 18) or amorphous forms (Figures 4 - 6, 10, 19 -
30, and 35) of the antibiotic known as Rifaximin (INN), in the
manufacture of medicinal preparations for the oral or topical route
is contemplated. Embodiments of the invention also relate to
administration of such medicinal preparations to a subject in need of
treatment with antibiotics.       Rifaximin is a compound of the
rifamycin class of antibiotics. Rifaximin is a compound having the
structure of Formula I:  WO 2009/108730PCT/US2009/035192  Table 1.
Summary of Some Rifaximin Forms Forma mole of H20b Et0H (single
crystal) vacuum dried RH stability  



single crystal TGA   P205 11% RH 33% RH 58% RH 75% RH 94% RH a dry
(monohydrate)   - a dry - - 



A 13 0 13 p-i trihydrate/ ethanolate 3  0.8 - -  B p+pk B 13 p-2
(trihydrate)  3 - a dry - 



- ad -  - 7-1(4) (mesophase) - - -  - - -   - s-dry (hemihydrate) -
0.5   - 



-   - -  (intermediate phase)    n Or rill  - -  C+ 7e  II
(mesophase)   - 



ri  - - - -  amorphous -      - am am   WO
2009/108730PCT/US2009/035192 a. Hydrate was determined by either
single crystal data or roughly estimated based on TGA weight loss of
the specific sample analyzed cm parenthesis). Since the single
crystal structure indicates water is present in layers, variable
amounts of water can present in a same crystalline form. Mesophase
was determined by XRPD patterns. b. Mole of water per mole of
rifaximin, determined either by single crystal data or estimated by
TGA weight loss c. solid form change after exposing the samples to
specified RH conditions, am = amorphous d. This sample was studied at
20% RH. 



e. This sample was exposed at 75% RH at 40 C for I day.       As used
herein, "rifaximin Form C," "Form C" "Form C of rifaximin,"
"polymorph C," and "rifaximin C" 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 (Figures 1 and 2). Form C comprises an
x-ray powder diffraction pattern peak positions at about 4.7
(doublet), 7.6 (doublet), and 9.5 degrees 2-0; or at about 4.7
(doublet), 7.3, and 8.2 degrees 2-0; or at about 7.6 (doublet), 8.6,
and 10.5 degrees 2-0; or at about 8.2, 8.6, and 9 5 degrees 2-0; or
at about 10.2 (triplet), 12.6 (quintet), and 13.2 (doublet) degrees
2-0; or at about 7.3, 10.5, and 12.9 (doublet) degrees 2-0; or at
about 7.3, 7.6 (doublet), 8.2, 8.6 degrees 2-0; or at about 4.7
(doublet), 7.3, 7.6 (doublet), 9.5, and 10.5 degrees 2-0; or at about
8.2, 8.6, 9.5, 10.2 (triplet), and 10.5 degrees 2-0; or at about 8.6,
9.5, 10.2 (triplet), 10.5, and 11.2 (doublet) degrees 2-0; or at
about 4.7 (doublet), 6.3, 6.4, 7.3, 7.6 (doublet), 8.2, 8.6, 9.5,
10.2 (triplet), 10.5, 11.2 (doublet), 11.9 (doublet), 12.2 (weak),
12.6 (quintet), 12.9 (doublet), 13.2 (doublet) degrees 2-0. Form C
may be identified and characterized by one or more of these
parameters and/or one or more of the peaks or points in the ranges
As used herein, "rifaximin Form 11," "Form 1," "polymorph n," "Form
11 of rifaximin" and "rifaximin 11" are used interchangeably to
denote the polymorphic form of rifaximin as further described herein
by, for example, one or more peaks of an x-ray diffractogram (Figure
3) and methods of making such form. Form comprises x-ray powder
diffraction pattern peak positions at about 6.1, 7.3, and 7.5 degrees
2-0; or 6.1, 7.3, and 7.9 degrees 2-0; or 6.1, 7.3, and 8.8 degrees
2-0; or 6.1, 7.3, and 12.7 degrees 2-0; or 6.1, 7.5, and 8.8 degrees
2-0; or 6.1, 7.5, and 7.9 degrees 2-0; or 5.3, 6.1, and 7.3 degrees
2-0; or 5.3, 6.1, and 7.9 degrees 2-0; or 5.3, 6.1, and 12.7 degrees
2-0; or 5.3, 6.1, and 7.5 degrees 2-0; or 5.3, 6.1, and 8.8 degrees
2-0; or 6.1, 7.3, 7.5, 7.9, 8.8, and 12.7 degrees 2-0; or 5.3, 6.1,
7.3, 7.5, 7.9, 8.8, 12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.9, 8.8, and
12.7 degrees 2-0; or 5.3, 6.1, 7.3, 7.5, 8.8, and 12.7 degrees 2-0;
or 5.3, 6.1, 7.3,  WO 2009/108730PCT/US2009/035192 7.5, 7.9, 8.8, and
12 7 degrees 2-0. Form 11 may be identified and characterized by one
or more of these parameters and/or one or more of the peaks or points
in the ranges.       As used herein, "rifaximin Form t," "Form t,"
"polymorph t," "Form t of rifaximin" and "rifaximin t" 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, NMR, thermal data, or hot stage microscopy
(Figures 11 - 14 and 31 - 34) and methods of making such form. Form t
comprises x-ray powder diffraction pattern peak positions described
above. Form t may be identified and characterized by one or more of
these parameters and/or one or more of the peaks or points in the
ranges.       As used herein, "rifaximin mesylate Form," "Form
meslate," "polymorph mesylate," "Form mesylate of rifaximin" and
"rifaximin mesylate" 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 (Figures 15 -
18) and methods of making such form. Mesylate Form comprises x-ray
powder diffraction pattern peak positions described above. Mesylate
Form may be identified and characterized by one or more of these



has been reported that rifaximin is characterized by a negligible
systemic absorption, due to its chemical and physical characteristics
(Descombe J.J. et al. Pharmacokinetic study of rifaximin after oral
administration in healthy volunteers. Int J Clin Pharmacol Res, 14
(2), 51-56, (1994)).       In respect to possible adverse events
coupled to the therapeutic use of rifaximin, the induction of
bacterial resistance to the antibiotics is of particular relevance.
From this point of view, any differences found in the systemic
absorption of C, ri or amorphous forms of rifaximin may be
significant, because at sub-inhibitory concentration of rifaximin,
such as in the range from 0.1 to 1 ag/ml, selection of resistant
mutants has been demonstrated to be possible (Marchese A. eta.?. In
vitro activity of rifaximin, metronidazole and vancomycin against
clostridium diflicile and the rate of selection of spontaneously
resistant mutants against representative anaerobic and aerobic
bacteria, including ammonia-producing species. Chemotherapy, 46(4),
253-266,(2000)).       Polymorphs of rifaximin have been found to
have differing in vivo bioavailability properties. Thus, the
polymorphs disclosed herein would be useful in the preparation of
pharmaceuticals with different characteristics for the treatment of
infections. This would allow generation of rifaximin preparations
that have significantly different levels of adsorption with Cmax
values from about 0.0 ng/ml to 5.0 ag/ml. This leads to preparation
of rifaximin compositions that are from negligibly to significantly
adsorbed by subjects undergoing treatment. One embodiment of the
invention is modulating the therapeutic action of rifaximin by
selecting the proper polymorphic form, or mixture of forms, for
treatment of a patient. For example, in the case of invasive
bacteria, the most bioavailable polymorphic form can be selected from
those disclosed herein, whereas in case of non-invasive pathogens
less adsorbed forms of rifaximin can be selected, since they may be
safer for the subject undergoing treatment.       The above-mentioned
C,i, 1, a-dry, 0-1, 13-2, s-dry, mesylate or amorphous forms can be
advantageously used as pure and homogeneous products in the
manufacture of medicinal preparations containing rifaximin. Some
features of polymorph Form C include, for example: Form C was
observed by XRPD analysis of solids in solution (Figures 1 and 2).
These solids were removed and stressed under various relative
humidity (RH) conditions. XRPD analysis  WO
2009/108730PCT/US2009/035192 after three days showed conversion to
Form y under 43% RH; Form y -1(C) under 58 and 75% RH, and Form 13+ y
-1(0 under 94% RH, though form conversion was likely initiated upon
removal of the solids from solution. Some features of polymorph Form
i include, for example: Form 11 was generated by drying Form C under
vacuum for one day (Figure 3). The material of Form C (after
formation) remained unchanged when dried under vacuum at 40 C for one
day. Some features of a rifaximin amorphous forms include, for
example:       Amorphous rifaximin (Figures 4 - 6) was prepared by
milling Form y or Form y + i at ambient temperature. Amorphous
rifaximin was physically stable under various relative humidities and
exhibited a high glass transition temperature onset of 199 C.
For XRPD analysis, accuracy and precision associated with third party
measurements on independently prepared samples on different
instruments may lead to variability which is greater than 0.1 20. For
d-space listings, the wavelength used to calculate d-spacings was



The identification of those subjects who are in need of prophylactic
treatment for bowel disorder is well within the ability and knowledge
of one skilled in the art. Certain of the methods for identification
of subjects which are at risk of developing a bowel disorder which
can be treated by the subject method are appreciated in the medical
arts, such as family history, travel history and expected travel
plans, the presence of risk factors associated with the development
of that disease state in the subject. A clinician skilled in the art
can readily identify such candidate subjects, by the use of, for
example, clinical tests, physical examination and
medical/family/travel history.       A method of assessing the
efficacy of the treatment in a subject includes determining the
pre-treatment level of intestinal bacterial overgrowth by methods
well known in the art (e.g., hydrogen breath testing, biopsy,
sampling of the intestinal bacteria, etc.) and then administering  WO
2009/108730PCT/US2009/035192 a therapeutically effective amount of a
rifaximin polymorph to the subject. After an appropriate period of
time (e.g., after an initial period of treatment) from the
administration of the compound, e.g., 2 hours, 4 hours, 8 hours, 12
hours, or 72 hours, the level of bacterial overgrowth is determined
again. The modulation of the bacterial level indicates efficacy of
the treatment. The level of bacterial overgrowth may be determined
periodically throughout treatment. For example, the bacterial
overgrowth may be checked every few hours, days or weeks to assess
the further efficacy of the treatment. A decrease in bacterial
overgrowth indicates that the treatment is efficacious. The method
described may be used to screen or select subjects that may benefit
from treatment with a rifaximin polymorph.       In yet another
aspect, a method of treating a subject suffering from or susceptible
to a bowel disorder comprises administering to a subject in need
thereof a therapeutically effective amount of a rifaximin polymorph
described herein, to thereby treat the subject. Upon identification
of a subject suffering from or susceptible to a bowel disorder, for
example, IBS, one or more rifaximin polymorphs are administered.
In one aspect, methods of assessing the efficacy of treatment with a
rifaximin polymorph in a subject comprise determining the
pre-treatment level of bacterial overgrowth, administering a
therapeutically effective amount of a rifaximin polymorph to the
subject, and determining the bacterial overgrowth after an initial
period of treatment with a rifaximin polymorph, wherein the
modulation of the bacterial overgrowth indicates efficacy of an anti-
bacterial treatment.       Efficacy of a treatment may be measured
for example, as reduction of bacterial overgrowth. Efficacy may also
be measured in terms of a reduction of symptoms associated with the
bowel disorder, a stabilization of symptoms, or a cessation of
symptoms associated with a bowel disorder, for example, a reduction
of nausea, bloating, diarrhea, and the like.       In one aspect,
methods of monitoring the progress of a subject being treated with a
rifaximin polymorph comprise determining the pre-treatment level of
bacterial overgrowth, administering a therapeutically effective
amount of a rifaximin polymorph to the subject, and determining the
bacterial overgrowth after an initial period of treatment with a
rifaximin polymorph, wherein the modulation of the bacterial
overgrowth indicates efficacy of an antibacterial treatment.  WO
2009/108730PCT/US2009/035192 Pharmaceutical Preparations



Wetting agents, emulsifiers and lubricants, such as sodium lauryl
sulfate and magnesium stearate, as well as coloring agents, release
agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the
compositions.       Examples of pharmaceutically-acceptable
antioxidants include: (1) water soluble antioxidants, such as
ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble
antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate,
alpha-tocopherol, and the like; and (3) metal chelating agents, such
as citric acid, ethylenediamine tctraacctic acid (EDTA), sorbitol,
tartaric acid, phosphoric acid, and the like.       Compositions
containing a rifaximin forms disclosed herein include those suitable
for oral, nasal, topical (including buccal and sublingual), rectal,
vaginal, aerosol and/or parenteral administration. The compositions
may conveniently be presented in unit dosage form and may be prepared
by any methods well known in the art of pharmacy. The amount of
active ingredient which can be combined with a carrier material to
produce a single dosage form will vary depending upon the host being
treated, the particular mode of administration. The amount of active
ingredient which can be combined with a carrier material to produce a
single dosage form will generally be that amount of the compound
which produces a therapeutic effect. Generally, out of one hundred %,
this amount will range from about 1 % to about ninety-nine % of
active ingredient, preferably from about 5 % to about 70 %, most
preferably from about 10 % to about 30%.  WO
2009/108730PCT/US2009/035192       Methods of preparing these
compositions include the step of bringing into association a
rifaximin polymorph(s) with the carrier and, optionally, one or more
accessory ingredients. In general, the formulations are prepared by
uniformly and intimately bringing into association a rifaximin
polymorph with liquid carriers, or finely divided solid carriers, or
both, and then, if necessary, shaping the product.       Compositions
suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a
solution or a suspension in an aqueous or non-aqueous liquid, or as
an oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) and/or as mouth washes and the like,
each containing a predetermined amount of a rifaximin polymorph(s) as
an active ingredient. A compound may also be administered as a bolus,
electuary or paste.       The Form C, Form q, Form a-dry, Form t,
Form 13-1, Form 13-2, Form a-dry, mesylate Form or amorphous forms
can be advantageously used in the production of medicinal
preparations having antibiotic activity, containing rifaximin, for
both oral and topical use. The medicinal preparations for oral use
will contain rifaximin Form C, Form Form a-dry, Form t, Form 3-1,
Form p-2, Form a-dry, mesylate Form or amorphous forms together with
the usual excipients, for example diluting agents such as mannitol,
lactose and sorbitol; binding agents such as starches, gelatines,
sugars, cellulose derivatives, natural gums and polyvinylpyrrolidone;
lubricating agents such as talc, stearates, hydrogenated vegetable
oils, polyethylenglycol and colloidal silicon dioxide; disintegrating



Pharmaceutical compositions for rectal or vaginal administration may
be presented as a suppository, which may be prepared by mixing one or
more rifaximin polymorph(s) with one or more suitable nonirritating
excipients or carriers comprising, for example, cocoa butter,
polyethylene glycol, a suppository wax or a salicylate, and which is
solid at room temperature, but liquid at body temperature and,
therefore, will melt in the rectum or vaginal cavity and release the
active agent.       Compositions which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes,
foams or spray formulations containing such carriers as are known in
the art to be appropriate.       Dosage forms for the topical or
transdermal administration of a rifaximin polymorph(s) include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active rifaximin polymorph(s) may be mixed
under sterile conditions with a pharmaceutically-acceptable carrier,
and with any preservatives, buffers, or propellants which may be
required.       Ointments, pastes, creams and gels may contain, in
addition to rifaximin polymorph(s), excipients, such as animal and
vegetable fats, oils, waxes, paraffins, starch, tragacanth, cellulose
derivatives, polyethylene glycols, silicones, bentonites, silicic
acid, talc and zinc oxide, or mixtures thereof.       Powders and
sprays can contain, in addition to a rifaximin polymorph(s),
excipients such as lactose, talc, silicic acid, aluminium hydroxide,
calcium silicates and polyamide powder, or mixtures of these
substances. Sprays can additionally contain customary propellants,
such as chlorofluorohydrocarbons and volatile unsubstituted
hydrocarbons, such as butane and propane.       The rifaximin
polymorph(s) can be alternatively administered by aerosol. This is
accomplished by preparing an aqueous aerosol, liposomal preparation
or solid particles containing the compound. A non-aqueous (e.g.,
fluorocarbon propellant) suspension could be used. Sonic nebulizers
are preferred because they minimize exposing the agent to shear,
which can result in degradation of the compound.  WO
2009/108730PCT/US2009/035192       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
non-ionic surfactants (Tweens, Pluronics, or polyethylene glycol),
innocuous proteins like serum albumin, sorbitan esters, oleic acid,
lecithin, amino acids such as glycine, buffers, salts, sugars or
sugar alcohols. Aerosols generally are prepared from isotonic
solutions.       Transdermal patches have the added advantage of
providing controlled delivery of a rifaximin polymorph(s) to the
body. Such dosage forms can be made by dissolving or dispersing the
agent in the proper medium. Absorption enhancers can also be used to
increase the flux of the active ingredient across the skin. The rate
of such flux can be controlled by either providing a rate controlling
membrane or dispersing the active ingredient in a polymer matrix or
gel.       Ophthalmic formulations, eye ointments, powders, solutions
and the like, are also contemplated as being within the scope of the
invention.       Pharmaceutical compositions suitable for parenteral
administration may comprise one or more rifaximin polymorph(s) in
combination with one or more pharmaceutically-acceptable sterile
isotonic aqueous or nonaqucous solutions, dispersions, suspensions or



In combination therapy treatment, both the compounds of this
invention and the other drug agent(s) are administered to mammals
(e.g., humans, male or female) by conventional methods. The agents
may be administered in a single dosage form or in separate dosage
forms. Effective amounts of the other therapeutic agents are well
known to those skilled in the art. However, it is well within the
skilled artisan's purview to determine the other therapeutic agent's
optimal effective-amount range. In one embodiment in which another
therapeutic agent is administered to an animal, the effective amount
of the compound of this invention is less than its effective amount
in case the other therapeutic agent is not administered. In another
embodiment, the effective amount of the conventional agent is less
than its effective amount in case the compound of this invention is
not administered. In this way, undesired side effects associated with
high doses of either agent may be minimized. Other potential
advantages (including without limitation improved dosing regimens
and/or reduced drug cost) will be apparent to those skilled in the
art.       In various embodiments, the 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.  WO
2009/108730PCT/US2009/035192       In certain embodiments, one or
more compounds and one or more other therapies (e.g., prophylactic or
therapeutic agents) are cyclically administered. Cycling therapy
involves the administration of a first therapy (e.g., a first
prophylactic or therapeutic agent) for a period of time, followed by
the administration of a second therapy (e.g., a second prophylactic
or therapeutic agent) for a period of time, optionally, followed by
the administration of a third therapy (e.g., prophylactic or
therapeutic agent) for a period of time and so forth, and repeating
this sequential administration, i.e., the cycle in order to reduce
the development of resistance to one of the therapies, to avoid or
reduce the side effects of one of the therapies, and/or to improve
the efficacy of the therapies.       In certain embodiments, the
administration of the same compounds may be repeated and the
administrations may be separated by at least 1 day, 2 days, 3 days, 5
days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3
months, or at least 6 months. In other embodiments, the
administration of the same therapy (e.g., prophylactic or therapeutic
agent) other than a rifaximin polymorph may be repeated and the
administration may be separated by at least 1 day, 2 days, 3 days, 5
days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3
months, or at least 6 months.       Certain indications may require



Form 7 is a hygroscopic crystalline mesophase. This form demonstrates
1.2 - 3.8% weight loss by TGA and appears to melt at approximately
203 C (Table 4).       Rifaximin Form 7 was obtained from solution in
ethanol/water mixtures. Solids were obtained by crash cooling an
ethanol/water (1/0.45) solution in an ice bath and air drying for 45
minutes and from a Form a slurry in ethanol/water (1/0.5). TO
analysis demonstrated a 1.2 to 3.8% weight loss corresponding to a
broad endotherm at 89 C in the DSC curve. A minor endotherm, observed
in both samples, at 203 C is attributed to a melt. Moisture balance
sorption/desorption showed a 2.4% weight loss upon equilibration at
5% RH. The material is hygroscopic, gaining 10.8% weight under 95%
RH. This weight (11.7%) was lost upon desorption to 5% RH. Long-term
relative humidity studies of Form y showed no form conversion when
exposed to relative humidities from 11 to 94% for two days. The form
remained unchanged by XRPD analysis after drying under vacuum at
ambient temperature for one day. Other methods are disclosed infra,
for example, in the Tables which follow. Form 7-1 g       Form y-1
(c) is a crystalline mesophase (Figure 1). The material was generated
by slurrying Form a dry in ethanol/water (1/0.45 at 0 C and 1/1 at
ambient temperature) for two days (0 and 0). Recovered solids were
allowed to air dry and stored under ambient conditions  WO
2009/108730PCT/US2009/035192 for three days. Form y-1 (c) was also
formed by storing Form ( under 58 and 75% RH for three days. Other
methods are disclosed infra, for example, in the Tables which follow.
Form C       Form ( was observed by XRPD analysis of solids in
solution (Figure 2). These solids were removed and stressed under
various RH conditions. XRPD analysis after three days showed
conversion to Form 7 under 43% RH; Form -1(c) under 58 and 75% RH,
and Form 13+ 7 -1(Q under 94% RH, though form conversion was likely
initiated upon removal of the solids from solution. Other methods are
disclosed infra, for example, in the Tables which follow. Form ti
Form was generated by drying Form ( (Figure 3) under vacuum for one
day. The material remained unchanged when dried under vacuum at 40 C
for one day. Other method are disclosed infra, for example, in the
Tables which follow. Form t       The space group was determined to
be P212121 (no. 19). The packing motif of rifaximin Form t is
different than the layered arrangement observed in the previous two
structures. The crystal structure contained additional residual
electron density, typically attributed to highly disordered solvent,
in the lattice. While the material is most likely a hydrate and/or
solvate, the amount and location of the solvent could not be
determined from the crystal structure. (Figures 11 - 14). Amorphous
Material       Amorphous rifaximin (Figure 4) was prepared by milling
Form y or Forms y + n at ambient temperature. Amorphous rifaximin was
physically stable under various relative humidities and exhibited a
high glass transition temperature onset of 199 C.       TO analysis
of amorphous rifaximin demonstrated a 1.5% weight loss to 100 C,
accompanied by a broad endotherm at 78 C in the DSC trace (Figure 5),
indicating the material contained residual solvent. A minor endotherm
at 203 C was also observed in the DSC trace.  WO
2009/108730PCT/TJS2009/035192  Cyclic DSC was performed to dry the
sample and determine the Tg, however the glass transition temperature
was not apparent from the data. Modulated differential scanning
calorimetry showed the glass transition (Tg) temperature onset to be
approximately 199 C (Figure 6). Amorphous rifaximin was hygroscopic



WO 2009/108730PCT1US2009/035192 observed by either post-DVS sample.
Based on the data, relative humidity stressing studies of the two
amorphous materials at 40 C/75% RH are recommended.       Vapor
stressing experiments were done on amorphous material from two
preparations: lyophilization from p-dioxane: water 1:1 and crash
precipitation from ethyl acetate with heptane. After 6 days, one
sample (stressed with toluene) appeared microscopically birefringent,
indicative of crystallization, but showed no peaks by XRPD. The
majority of the stressed samples appeared as clear red solutions
after 6 days. Those solutions were placed in vials of antisolvent for
vapor diffusion. Dry and wet milling experiments were conducted on
amorphous materials from the two preparations mentioned above.
Amorphous materials were recovered from the dry milling experiments.
Modulated DSC of x-ray amorphous rifaximin prepared from a crash
precipitation experiment in ethyl acetate with heptane showed no
evidence of a glass transition temperature (Figures 29 - 30). A
second modulated DSC experiment on a sample of x-ray amorphous
rifaximin from a vapor stress experiment with water is pending. The
presence of water in the sample could possibly lower the glass
transition temperature, potentially making it detectable by modulated
D SC.       Crystallization of amorphous rifaximin to Form p was
observed for vapor diffusion experiments in methanol and
tetrahydrofuran, both utilizing water as an antisolvent. Table 2:
Amorphous Rifaximin Solvent Conditions Observation 7CRPD Result
acetone FE red glass, not birefringent amorphous, 2 halos p-dioxane:
H20 1: 1 lyophilization orange solids, not birefringent amorphous, 2
halos ethyl acetate 



CP w/ heptane bright orange, morphology unknown, not birefringent
amorphous, 2 halos  Table 3: Characterization of Rifaximin, Amorphous
Samples Technique Analysis/Result XRPD amorphous, 2 halos  WO
2009/108730PCT/US2009/035192 cycling DSC no I', observed TGb 5.39%
from 25 -200 C DVS' 0.100% weight loss at 5% RH 8.364% eight gain
from 5 - 95% RH 10.989% weight loss from 95 - 5% RH XRPD 



no peaks, possibly amorphous XRPD amorphous, 2 halos DSC a broad endo
79, broad endo 204 cycling DSCa no TR observed modulated DSC a no Ts
observed; broad endo 74 TGb 6.47% from 25 - 200 C DVSd 1.606% weight
loss at 5% RH 7.843% weight gain from 5 -95% RH 9.172% weight loss
from 95- 5% RH XRPD no peaks, possibly amorphous XRPD amorphous, 2
halos cycling DSCa no T, observed TGb 4.52% from 25 -200 C XRPD 



amorphous   a. endo = endotherm temperatures (C) reported are
transition maxima. Temperatures are rounded to the nearest degree.
b. weight loss (%) at a certain temperature; weight changes (%) are
rounded to 2 decimal places; temperatures are rounded to the nearest
degree.  c. See 3436-54 for calculations.  d. See 3436-55 for
calculations. Table 4: Stressing of Rifaximin, Amorphous Materials
Solvent Conditions Observations XRPD Result DCM VD w/ IPE, 11 days
red, glassy solid, not birefringent amorphous toluene VS, RT, 6 days
red, sphenilites of needles, birefringent 



amorphous water VS, RT, 15 days orange, aggregates and morphology
unknown, not  birefringent; dark read, agglomerate (very small
amount), partially birefringent amorphous MEK VD w/ IPE, 11 days red,
oily droplets in glassy solid, not birefringent amorphous  WO
2009/108730PCT/US2009/035192 Table 5: Milling Experiments for
Rifaximin, Amorphous Materials Amorphous Sample Source 



Conditions Observations XRPD Result lyophilization from p-dioxane:
water 1:1 10 min. at 30 Hz, scraped sides, 10 min. at 30 Hz bright
orange, morphology unknown, not birefringent amorphous CP from Et0Ac
with heptane 10 mm. at 30 Hz, scraped sides, 10 min. at 30 Hz bright
orange, morpholony unknown, not birefringent amorphous  Table 6:
Characterization of Rifaximin Form z dry Analysis a 



Conditions Results XRPD Inel Form & dry DSC Method B (25-350-10)
crimped pan endotherm (major broad) 93 C endotherm (minor) 219 C TGA
.. Method A (00-350-10) ... _. 1.8% from 20C to 100C - -ray powderic
ion, DSC-differential scanning ca onmelly; TGA = thermogravimetnc
analysis. Table 7: Characterization of Rifaximin Amorphous Analysis a
Conditions Results XRPD Inel amorphous DSC Method A (25-250-10) 



crimped pan endothenn (major broad) 78 C endothenn (minor) 203 C DSC
Cyclic DSC Glass transition not determined MDSC  Tg (glass
transition) 199 C TGA Method A (00-350-10) 1.5% from 21 C to 100 C MB
- 0.7 % wt loss upon equilibration at 5% RH 11.6% wt gain from 5 to
95% RH 11.3% wt loss from 95 to 5% RH ntbk ref. 2329-50 Post-MB XRPD
Inel amorphous FT-IR 100%API, 256 scans conforms to structure 



FT-Raman __ 100%API, 256 scans conforms to structure = -ray powderact
on; DSC = differential scanning calorimetry; TGA = thermogravitnetric
analysis; MB = automated moisture sorption/desorption; FT-IR =
Fourier transform infrared spectroscopy; 11-1-NMR = solutions proton
nuclear magnetic spectroscopy; 13C-ssNMR = carbon-13 solid state
nuclear magnetic spectroscopy.  WO 2009/108730PCT/US2009/035192 Table
8: Post-Moisture Sorption/Desorption Analysis  Initial Form Final
Form a dry a dry Amorphous amorphous   Table 9: Single Crystal and
Computational Data for Rifaximin Form f3-1  Form 8-1 a-axis (A)
13.8586(8) b-axis (A) 19.7475(11) 



c-axis (A) 16.5935(9) 91.568(3) R  V (A3) 4539.5(4) 1.272 Density (g
cm-3)  Cell monoclinic Water (moles) 3 Ethanol (moles) 1.6
Temperature 173  Table 10: Form a and Mixtures of Form a Initial Form
Conditions Final Form a dry 



33% RH, 2 days a a dry 33% RH, 7 days a 13-2 under N2 atmosphere, 20%
RH, 3 days a 13-1 1420 slurry 2329-03-06a (J3-1), ambient, 1 days;
air dried 7 h a + 13 a dry 43% RH, 4 days a + 13 a dry 43% RH, 11
days 0  (a)  WO 2009/108730PCT/US2009/035192 Table 11: Summary of
Experiments Resulting in Form 13 and Mixtures of Form f3 Initial Form
Conditions 



Final Form [3-1 58% RH, 3 days 13+peak 44.87 2 0 0-1 33% RH, 4 days
Ii j3-1 94% RH, 3 days 13 a dry 58% RH, 2 days 0 achy 75% RH, 2 days
f3 achy 94% RH, 2 days 0  Et0H/H20 (1/0.45) solids washed with 1120
after filtration 0 adry 



43% RH, 4 days a+13  Table 12: Form 13-2 Initial Form Conditions
Final Form a dry El0H/H20 (1/1) SC Solids air dried 13-2  Table 13:
Form y-1(c) and Mixtures of Form y-1(c)  Initial Form Conditions
Final Form a dry Et0H/H20 (1/0.5) slurry, 0 C, 2 days; air-dried and
stored at ambient 3 days y-1(0 a dry 



E10H/1120 (1/1) slurry, ambient, 2 days; air-dried and stored at
ambient 3 days y-1(0  58% RH, 3 days 7-1()  75% RH, 3 days  C 94% RH,
3 days 0 +Y-1(0  WO 2009/108730PCTIUS2009/035192 Table 14: Form y and
Mixtures of Form y Initial Form Conditions Final Form a dry Et0H/H20
(1/0.25) Slurry ambient, 2 days; air-dried and stored at ambient 3
day 7 



a dry Et0H/H20 (1/0.5) sluny, ambient, 2 days; air-dried and stored
at ambient 3 days r ( air dry 2329-06-02a Y ( open vial in hood r C
43% RH, 3 day 7 a dry Et0H/H20 (1/0.45) crash cool in ice-water; air
dried 45 min. 7 c vac dry 7+11  C .. stability chamber 



75% RH@40 C, 1 day n. - C + Y  Table 15: Form C and Mixtures of Form
C  Initial Form Conditions Final Form ( stored in refrigerator 3
weeks C a dry Et0H slurry, ambient, 3 days C a dry Et0H/1120 (1/0.02)
slurry, ambient, 3 days C a dry Et0H/H20 (1/0.1) slun-y, ambient, 3
days C 



a dry Et0H/1120 (2/0.5) sluny, ambient, 5 hours C a dry Et01-1/H20
(1/0.45) control cooling: 3 C/11, 70 - 20 C C a dry E1011/1120
(1/0.45) crash cool in ice-water ( a dry Et01-1/1i20 (1/0.25) a) SC;
refrigerator b) seeded with a (LIMS 88434) C a dry Et0H a) SE, 5
days; b) seeded with E (LIMS 88434) C C 



stability chamber 75% RH@40 C, 1 day ( + 7  WO
2009/108730PCT/US2009/035192 Table 16: Form s dry Initial Form
Conditions Final Form & vac oven 60-65 C, 3 days a dry 8 P205, 3 days
s dry  Table 17: Form ii and Mixtures of Form  Initial Form
Conditions Final Form II vac oven, 40 C, 1 day 11 



vac oven, ambient, 1 day 1 C vac dry Y  1 C vac oven, 45 C, 2 days 11
Table 18: Form amorphous Initial Form Conditions Final Form Amorphous
Post MB amorphous Amorphous 43% RH, 5 days amorphous Amorphous 58%
RH, 5 days amorphous Amorphous 



75% RI-I, 5 days amorphous Y ground at 30 Hz, 10 min (5 minute
intervals x2) amorphous Y ground at 30 Hz, 30 min (15 minute
intervalsx2) amorphous 7 +11 ground at 30 Hz, 45 min (15 minute
intervalsx3) amorphous  WO 2009/108730PCT/US2009/035192 Table 19:
Crystallization from Et0H and Et0H/Water Mixtures Solvents
Conditions a Observations a XRPD Form Et0H slurry, ambient, 3 days
orange; fragments; B&E C  



a) SE, 5 days;  b) seeded with g (LIMS 88434) orange; needle; B&E C
Et0H/1-120 1/0.02 mL  slurry, ambient, 3 days orange; irregular;
fragments; B&E  Et0H/H20 1/0.1 mL  sluny, ambient, 3 days orange;
fragments; B&E  Et0H/H20 1/0.25 mL a) SC; refrigerator b) seeded with
& (LIMS 88434) orange; needle; B&E 4 Et0H/H20 2/0.5 mL  slurry,
ambient, 5 hours - 



C Et0H/H20 1/0.45 mL EtOHM20 1/0.5 mL control cooling: 3 C/h, 70 - 20
C in solution C  control cooling: 3 C/h, 70 - 20 C; ambient for 3
days  0-1 `  crash cool in ice-water in solution C  shiny, 0 C, 2
days; air-dried and stored at ambient 3 days light orange; small
needle; B&E 7-1(0 



Et0H/H20 1/1 mL SC - 13-1    - orange; blade; B&E 13-2  sluny
2230-93-02 (f3 br), ambient, 2 days  (3-1 '  post single crystal
sample 2230- 93-02 (f3 br), in solution - 13-1 '  slurry, ambient, 2
days; air-dried and stored at ambient 3 days orange; small needles;
B&E 



Et011/H20 2/3 mL  SC - 13-1 '  H20 slurry 2329-03-06a (13-1),
ambient, 1 days; air dried 7 h light orange; fragments; B&E a + (3 .a
, o envise indicated. SE= slow evaporation; Sc = slow cooling. b. B&E
= birefringence and extinction. c. Samples were determined in
solution in a capillary.  WO 2009/108730 PCT/1JS20091035192  Table
20- Rifaximin Drying Experiments  Starting Material LIMS No.
Conditions Observations a XRPD Form 



a dry vac oven 50 C, 1 day   a dry   vac oven 50 C, 1 day vac oven 60
C, 1 day'   a dry vac oven 60-65 C, 3 days orange; fragments; B&E a
dry  under N2 atmosphere, 20% RH, 3 days   orange; fragments; B&E a
vac oven, 40 C, 1 day orange; fragment; B&E a dry &  vac oven 60-65
C, 3 days 



orange; fragments; B&E s dry C  stored in refrigerator 3 weeks  C C
open vial in hood orange; small fragments; B&E 7 C  vac oven,
ambient, 1 day orange; irregular B&E 1 C  vac oven, 45 C, 2 days
orange; fragments; B&E 1 C air dry 2329-06-02a dark orange;
irregular; B&E Y  vac dry 2329-06-02a 



dark orange; irregular: B&E 7 + 1 71 vac oven, 40 C, 1 day orange;
fragment; B&E 1 a REP =1-ara1nnaaaaa anti   Table 21: Grindin
Starting Material LIMS No.  Conditions Observations a XRPD Form Y
ground at 30 Hz, 10 mm n   (5 minute intervals x2)  a few particles
orange; fiagments; no B&E except of amorphous  ground at 30 Hz, 30
min (15 minute intervalsx2) orange; fragments; no B&E except of a few
particles 



amorphous Y + 1 aR = hirrfr4aannaa. ground at 30 Hz, 45 min (15
minute intervalsx3) G = orange; fragments; no B&E amorphous  WO
2009/108730 PCT/US2009/035192  Table 22: Stressing Under Various
Relative Humidities   Initial Form Condition? Observations XRPD Form
a P205, 4 days dark orange; irregular particles; B&E a thy 



a dry 58% RH, 2 days  light orange; small irregular particle; B&E 13
75% RH, 2 days  light orange; small irregular particle; B&E 13  94%
RH, 2 days light orange; small irregular particle; B&E 13 13 P205, 4
days dark orange; irregular particles; 138rF a thy 13-1 33% RH, 4
days orange; large fragments; B&E 13 B-1 75% RH, 3 days orange;
fragments; B&E 13 



8  P205, 3 days dark orange; small irregular particles; B8cE s dry c
43% RH, 3 days  Orange; small particle; B&E 7  58% RH, 3 days
Orange; small particle; B&E   75% RH, 3 days  Orange; small particle;
B&E   94% RH, 3 days light orange; small particle; B&E 13 C
stability chamber  75% RH@,40 C, 1 day orange; needle; B&E C-Pt 



amorphous 43% R_H, 5 days orange; small irregular particles; no B&E
amorphous amorphous 58% RH, 5 days orange; small irregular particles;
mostly no B&E amorphous  75% RH, 5 days orange; small irregular
particles; mostly no B&E amorphous  = re a ve tumt b. B =
birefringence; E = extinction Materials       Samples were stored in
a dessicator. Solvents and other reagents used were purchased from
commercial suppliers and used as received. Solvents were either HPLC
or ACS grade. Slow Evaporation (SE)       Solvent was added to
weighed amounts of rifaximin in vials. Mixtures were sonicated to
achieve complete dissolution of solids. The solutions were then
filtered into clean vials. Solvents were slowly evaporated at ambient
conditions.  WO 20091108730PCT/US2009/035192 Crash Cool (CC) 



A sample of rifaximin in ethanol/water 1/0.45 was prepared and passed
through 0.2-gm nylon filter into a clean vial. The vial containing
the solution was then rapidly cooled by submersion in an ice bath for
several seconds. Solids that precipitate were collected by filtration
and dried. Slurry Experiments       Test solvents were added to
rifaximin in vials such that excess undissolved solids were present
in solutions. The mixtures were than slurried on a shaker block or
rotating wheel at subambient or room temperature. Stressing Under
Various Relative Humidities (RH)       A vial containing rifaximin
was placed uncovered within a jar containing phosphorous pentoxide
(P205) or a saturated salt solution in water. The jar was sealed and
stored at either ambient temperature or in an oven at elevated
temperature. Slow Cool (SC)       Saturated solutions of rifaximin
were prepared by slurrying excess solids in the test solvent at
elevated temperature. The saturated solution was filtered while warm
into a clean vial. The sample was allowed to cool to room
temperature, and then further cooled to sub-ambient temperature using
a refrigerator, followed by a freezer. Milling       A solid sample
of rifaximin was charged to a milling container with a milling ball.
Samples were milled for 5 or 15 minute intervals (2 x 5 minutes, 2 x
15 minutes, and 3 x 15 minutes) at 30 Hz using a Retsch MM200 mixer
mill. Solids were scraped from the sides of the vial after each
interval.  WO 2009/108730PCT/US2009/035192 Instrumental Techniques
X-ray Powder Diffraction (XRPD) Shimadzu       X-ray powder
diffraction (XRPD) analyses were performed using a Shimadzu XRD-6000
X-ray powder diffractometer using Cu Ka radiation. The instrument is
equipped with a long fine focus X-ray tube. The tube voltage and
amperage were set to 40 kV and 40 mA, respectively. The divergence
and scattering slits were set at 10 and the receiving slit was set at
0.15 mm. Diffracted radiation was detected by a Nal scintillation
detector. A 0-20 continuous scan at 3 Vmin (0 4 sec/0.02 step) from
2.5 to 40 020 was used. A silicon standard was analyzed to check the
instrument alignment. Data were collected and analyzed using
XRD6100/7000 v. 5.0. Samples were prepared for analysis by placing
them in a sample holder. Inel       X-ray powder diffraction (XRPD)
analyses were performed using an Inel XRG-3000 diffractometer
equipped with a CPS (Curved Position Sensitive) detector with a 20
range of 120. Real time data were collected using Cu-Ka radiation
starting at approximately 4 020 at a resolution of 0.03 020. The tube
voltage and amperage were set to 40 kV and 30 mA, respectively. The
monochromator slit was set at 5 mm by 160 pm. The pattern is
displayed from 2.5-40 '20. Samples were prepared for analysis by
packing them into thin-walled glass capillaries. Each capillary was
mounted onto a goniometer head that is motorized to permit spinning
of the capillary during data acquisition. The samples were analyzed
for 300 sec. Instrument calibration was performed using a silicon
reference standard. Variable Temperature XRPD (VT-XRPD)
Variable-temperature XRPD (VT-XRPD) was performed on a Shimadzu
XRD-6000 X-ray powder diffractometer equipped with an Anton Paar HTK
1200 high temperature stage. The sample was packed in a ceramic
holder and analyzed from 2.5 to 40 020 at 3 /min (0.4 sec/0.02 step).
The heating rate was 10 C/min. A silicon standard was analyzed to
check the instrument  WO 2009/108730PCT/US2009/035192 alignment.
Temperature calibration was performed using vanillin and
sulfapyridine standards. Data were collected and analyzed using



Reference XRPD patterns were obtained from US or European Patents or
Patent Applications and converted to electronic files using
UN-SCAN-IT version 6.0 (non-cGMP). Optical Microscopy Optical
microscopy was performed using a Leica MZ12.5 stereomicroscope.
Various objectives typically ranging from 0.8-4x were used with
crossed-polarized light to view samples. Samples were viewed in situ.
Thermal Analyses Differential Scanning Calorimetry (DSC)
Differential scanning calorimetry (DSC) was performed using a TA
Instruments differential scanning calorimeter 2920. The sample was
placed into an aluminum DSC pan, and the weight accurately recorded.
The pan was covered with a lid and then crimped or left uncrimped.
The sample cell was equilibrated at 25 C and heated under a nitrogen
purge at a  WO 2009/108730 PCT/US2009/035192   rate of 10 C/min, up
to a final temperature of 250 or 350 C. Indium metal was used as the
calibration standard. Reported temperatures are at the transition
maxima.    Method A: 25-250-10: initial equilibration at 25 C, heated
to 250 C at 10 C/min Method B: 25-350-10: initial equilibration at 25
C, heated to 350 C at 10 C/min Cyclic Differential Scanning
Calorimetry       Cyclic DSC was performed using a TA Instruments
2920 differential scanning calorimeter. The sample was placed into a
hermetically sealed DSC pan, and the weight accurately recorded. The
pan was covered with a lid containing a laser pinhole The method was
as follows: 1. Equilibrate at -50 C 2. Ramp 20 C/min to 80 C 3.
Isothermal at 80 C for 1 min 4. Equilibrate at -50 C 5. Ramp 20 C/min
to 220 C Indium metal was used as the calibration standard. Reported
temperature is at the transition maxima. Modulated Differential
Scanning Calorimetry (MDSC)       Modulated differential scanning
calorimetry (MDSC) data were obtained on a TA Instruments
differential scanning calorimeter 2920 equipped with a refrigerated
cooling system (RCS). The sample was placed into an aluminum DSC pan,
and the weight accurately recorded. The pan was covered with a lid
perforated with a laser pinhole to allow for pressure release, and
then hermetically sealed. MDSC data were obtained using a modulation
amplitude of +/- 0.8 C and a 60 second period with an underlying
heating rate of 1 C/min from 25 - 225 C. The temperature and the heat
capacity were calibrated using indium metal and sapphire as the
calibration standards, respectively. The reported glass transition
temperatures are obtained from the half-height/inflection of the step
change in the reversible heat flow versus temperature curve.  WO
2009/108730PCT/US2009/035192 Thermogravimetric (TG) Analyses 



Thermogravimetric (TG) analyses were performed using a TA Instruments
2950 thermogravimetric analyzer. Each sample was placed in an
aluminum sample pan and inserted into the TO furnace. The furnace was
first equilibrated at 25 C or started directly from ambient
temperature, then heated under nitrogen at a rate of 10 C/min, up to
a final temperature of 350 C. Nickel and AlumelTm were used as the
calibration standards. Methods for specific samples are referred to
as summarized below Method A:00-350-10: no initial equilibration;
analysis started directly from ambient, sample heated to 350 C at 10
C/min Method B:25-350-10: initial equilibration at 25 C, sample
heated to 350C at 10 C/min Method C:00-300-10: no initial
equilibration; analysis started directly from ambient, sample heated
to 300 C at 10 C/min Spectroscopy Fourier transform infrared (FT-IR)
The IR spectra were acquired on a Magna-IR 860(r) Fourier transform
infrared (FT-IR) spectrophotometer (Thermo Nicolet) equipped with an
Ever-Glo mid/far IR source, an extended range potassium bromide (KBr)
beamsplitter, and a deuterated triglycine sulfate (DTGS) detector. An
attenuated total reflectance (ATR) accessory (the Thunderdomen{,
Thermo Spectra-Tech), with a germanium (Ge) crystal was used for data
acquisition. The spectra represent 256 co-added scans collected at a
spectral resolution of 4 cm-I. A background data set was acquired
with a clean Ge crystal. A Log 1/R (R = reflectance) spectrum was
acquired by taking a ratio of these two data sets against each other.
Wavelength calibration was performed using polystyrene. Fourier
transform Raman (FT-Raman)        FT-Raman spectra were acquired on a
Raman accessory module interfaced to a Magna 860(r) Fourier transform
infrared (FT-IR) spectrophotometer (Thermo Nicolet). This module uses
an excitation wavelength of 1064 nm and an indium gallium arsenide
(InGaAs) detector. Approximately 0.6-2.0 W of Nd:YVO4 laser power was
used to irradiate the sample. The 59  WO
2009/108730PCT/11S2009/035192 samples were prepared for analysis by
placing the material in a glass tube and positioning the tube in a
gold-coated tube holder in the accessory A total of 256 or 1024
sample scans were collected from 98-3600 cm -I at a spectral
resolution of 4 cm-I, using Happ-Genzel apodization. Wavelength
calibration was performed using sulfur and cyclohexane. Automated
Moisture Sorption/Desorption       Moisture sorption/desorption data
were collected on a VTI SGA-100 Vapor Sorption Analyzer. Sorption and
desorption data were collected over a range of 5% to 95% relative
humidity (RH) at 10% RH intervals under a nitrogen purge. Samples
were not dried prior to analysis. Equilibrium criteria used for
analysis were less than 0.0100% weight change in 5 minutes, with a
maximum equilibration time of 3 hours if the weight criterion was not
met. Data were not corrected for the initial moisture content of the
samples. NaCI and PVP were used as calibration standards. Solid State
I3C Nuclear Magnetic Resonance (NMR)       Samples were prepared for
solid-state NMR spectroscopy by packing them into 4 mm PENCIL type
zirconia rotors. The specific acquisition parameters are listed on
the plot of the first full spectrum of each sample in the data
section. XRPD Data for Rifaximin Forms       High resolution XRPD
data were collected on rifaximin forms ( and ri to identify peak
positions as well as aid in indexing the patterns. Form ( was
successfully indexed using this data. Due to the disorder inherent in
Form 11 attempts to index the XRPD pattern were unsuccessful. The
XRPD peak list for rifaximin Form ( was generated using the results



Preparation Methods For Select Rifaximin Forms Rifaximin Form C
(zeta)        Rifaximin (404.5mg) was slurried in an ethanol/water
mixture (2mL/0.5mL) at ambient temperature for approximately 5 hours.
Solvent was removed by decantation and the damp solids stored in the
refrigerator for less than one day prior to analysis by XRPD. Solids
were damp prior to and after XRPD analysis. (Figure 8) Rifaximin Form
n (eta)       After a portion of the rifaximin was removed for XRPD
analysis the remainder of the sample was dried under vacuum at
ambient temperature for approximately one day. Solids were stored in
a dessicator prior to analysis by XRPD. (Figure 9) Rifaximin X-ray
Amorphous Rifaximin (50 mg, Form y + 11) was ground for three 15
minute cycles in a grinding jar at 30 Hz (total 45 minutes). Solids
were scraped from sides of the jar after each cycle. Orange fragments
were recovered and stored refrigerated, in a dessicator prior to
analysis. (Figure 10). X-ray Powder Diffraction (XRPD) Inel XRG-3000
Diffractometer X-ray powder diffraction (XRPD) analyses were
performed using an Inel XRG-3000 diffractometer equipped with a CPS
(Curved Position Sensitive) detector with a 20 range of 120. Real
time data were collected using Cu-K a radiation. The tube voltage and
amperage were set to 40 kV and 30 mA, respectively. The monochromator
slit was set at 1-5 mm by 160 12111. The patterns are displayed from
2.5-40 2 0. Samples were prepared for analysis by packing them into
thin-walled glass capillaries Each capillary was mounted onto a
goniometer head that is motorized to permit spinning of the capillary
during data acquisition. The samples were analyzed for 300 seconds.
Instrument calibration was performed using a silicon reference
standard.  WO 2009/108730ECT/US2009/035192 PANalytical X'Pert Pro
Diffractometer       Samples were also analyzed using a PANalytical
X'Pert Pro diffractometer. The specimen was analyzed using Cu
radiation produced using an Optix long fine-focus source. An
elliptically graded multilayer mirror was used to focus the Cu K a
X-rays of the source through the specimen and onto the detector. The
specimen was sandwiched between 3-micron thick films, analyzed in
transmission geometry, and rotated to optimize orientation
statistics. A beam-stop and a helium purge were used to minimize the
background generated by air scattering. Soller slits were used for
the incident and diffracted beams to minimize axial divergence.
Diffraction patterns were collected using a scanning
position-sensitive detector (Xtelerator) located 240 mm from the
specimen. The data-acquisition parameters of each diffraction pattern
are displayed above the image of each pattern in appendix data
section. Prior to the analysis a silicon specimen (NIST standard
reference material 640c) was analyzed to verify the position of the
silicon Ill  peak. Table 23: XRPD Peak Positions of Rifaximin Form
Po.Cition tclifj Jae 10 (double) 8.6 62 s 6A 



16  25 7:6 (dthlike 160   t.6 29, 9:5 1') 1:6.2 (*pie) 6 }M,5  11.2
(doable) . 1133 (iloublei)  12.2 Cy:PIO  12.6 *late 16 12.9(doublet) 



t4q1A149  til  WO 2009/108730PCT/US2009/035192 Table 24: XRPD Peak
Positions of Rifaximin Form Po,sitio0) lilol   fi 1 71  24 - Is 7 9
100 8,S  12.7 --  



Table 25: XRPD Range of Amorphous halo of Rifaximin Form X-ray Amor h
Position7 5.1 -0a. (who'll:diet 1 1nge) 7.3 approximetei halo.
nilium)) IL3 - I 7.8 ftunceplion? balo.r.411,,e) 15. ta. cam vxitnate
lial tbmxititun)  Table 26: Mesylate Form Methods of Making the
Mesylate Form of Rifaximin Salt Attempt Method Observation Result
Mesylate filtrate from 3302-37-01 left at ambient for - I hour
filtrate initially contained small quantity of "fluffy" material in 



suspension after one hour small solids adhered to flask sides
crystalline,  WO 2009/108730 PCTIU52009/035192  Table 27: Form
Methods of Making the Form tof Rifaximin Solvent Conditions
Observation XRPD Resultb Methanol CC red orange, blades, single and
in spherulites, birefringent t  



SC red orange, dendridic formations, birefringent   INCORPORATION BY
REFERENCE       The contents of all references, patents, pending
patent applications and published patents, cited throughout this
application are hereby expressly incorporated by reference.
EQUIVALENTS       Those skilled in the art will recognize, or be able
to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention described
herein. Such equivalents are intended to be encompassed by the
following claims.  Claims:  1. A rifaximin polymorph Form C, wherein
the polymorph exhibits an X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (+/- 0.20 degree 0) at
4.7, 7.6, and 9.5 ; or 8.2, 8.6, and 9.5; or 4.7, 7.3 and 8.2; or
7.3, 7.6, 8.2 and 8.6.  2. The Form C of rifaximin of claim 1,
wherein the polymmph contains less than 5% by weight total
impurities.  3. The Form C of rifaximin of claim 1, wherein the form
is at least 50% pure, or at least 75% pure, or at least 80% pure, or
at least 90% pure, or at least 95% pure, or at least 98% pure.  4. A
pharmaceutical composition comprising the polymorph Form  of
rifaximin of claim 1, and one or more pharmaceutically acceptable
excipients.  5. The pharmaceutical composition of claim 4, wherein
the excipient comprises one or more of a diluting agent, binding
agent, lubricating agent, disintegrating agent, coloring agent,
flavoring agent or sweetening agent.  6. The pharmaceutical
composition of claim 4, formulated as coated or uncoated tablets,
hard gelatin capsules, sugar-coated pills, lozenges, wafer sheets,
pellets or powders in sealed packets.  7. A process for producing
Form C of rifaximin comprising forming an Et0H slurry of an initial
Form a-dry of rifaximin at ambient temperature and crystallizing
rifaximin from the slurry.  8.A packaged composition comprising a
therapeutically effective amount of the polymorph Form of rifaximin
of claim 1, and a pharmaceutically acceptable Gainer or diluent,
wherein the composition is formulated for treating a subject
suffering from or susceptible to a bowel disorder, and packaged with
instructions to treat a subject suffering from or susceptible to a
bowel disorder. 






