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Chemical structure of Rifaximin
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Overlay of XRPD patterns for Rifaximin/PVP K-90 dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/PVP K-90
50:75 (w/w) Rifaximin/PVP K-90
75:25 (w/w) Rifaximin/PVP K-90
Crystalline Rifaximin as-received
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mDSC thermogram for 25:75 (w/w) Rifaximin/PVP K-90 dispersion
obtained from methanol by spray drying

Sample: rifaximin

Size: 3.9200 mg DSC
0.057 --0.00
' L 5
S 0.00- L0022 =
S 0.00] _ s
8 0051 R e 18008°C [ 004 i
T _ 185.03°Q() 5
5 - 02743)f(g°C) <
2 0.10- . [-006 >
' 190.81°C' | 2
-0.15 L0 0.08

"200 -50 0 50 100 150 200 250
Temperature (°C)

Fig. 3

mDSC thermogram for 50:50 (w/w) Rifaximin/PVP K-90 dispersion
obtained from methanol by spray drying

Sample: rifaximin
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mDSC thermogram for 75:25 (w/w) Rifaximin/PVP K-90 dispersion
obtained from methanol by spray drying

Sample: rifaximin

Size: 2.3300 mg DSC
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Overlay of mDSC thermogram for Rifaximin/PVP K-90 dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/PVP K-90
50:75 (w/w) Rifaximin/PVP K-90
75:25 (w/w) Rifaximin/PVP K-90
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Overlay of XRPD patterns for Rifaximin/HPMC-P dispersions obtained
from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/HPMC-P
50:75 (w/w) Rifaximin/HPMC-P
75:25 (w/w) Rifaximin/HPMC-P
Crystalline Rifaximin as-received
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mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-P dispersion
obtained from methanol by spray drying

Sample: rifaximin

Size: 2.0700 mg DSC
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mDSC thermogram for 50:50 (w/w) Rifaximin/HPMC-P dispersion
obtained from methanol by spray drying

Sample: rifaximin DSC
Size: 2.1200 mg

0.05- [.0.02
_ . E-o 03 o
o 0007 b e 152.02°C -2
= [ 2
= ] ~X 16076°C() +-004 °
3 -0.057 0.3927J/(g°C).- [ "
1 N N . o
% _ et 005 T
2 5101 168.82°C >
4 B (2’

50.06°C -0.06

-0.151 !
] [.0.07

1100 50 0 50 100 150 200 250
Temperature (°C)

Fig. 9

SUBSTITUTE SHEET (RULE 26)



WO 2012/009388 PCT/US2011/043769

8/75

mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-P dispersion
obtained from methanol by spray drying

Sample: rifaximin

Size: 1.9800 mg DsSC
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Overlay of mDSC thermogram for Rifaximin/HPMC-P K-90 dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/HPMC-P
50:75 (w/w) Rifaximin/HPMC-P
75:25 (w/w) Rifaximin/HPMC-P
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Overlay of XRPD patterns for Rifaximin/HPMC-AS HG dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/HPMC-AS HG
50:75 (w/w) Rifaximin/HPMC-AS HG
75:25 (w/w) Rifaximin/HPMC-AS HG
Crystalline Rifaximin as-received
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mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-AS HG
dispersion obtained from methanol by spray drying

Sample: rifaximin

Size: 2.0800 mg DSC
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mDSC thermogram for 50:50 (w/w) Rifaximin/HPMC-AS HG
dispersion obtained from methanol by spray drying

Sample: rifaximin
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mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-AS HG
dispersion obtained from methanol by spray drying

Heat Flow (W/g)
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Overlay of mDSC thermogram dor Rifaximin/HPMC-AS HG dispersions
obtained from methanol by spray drying.

Rev Heat Flow (W/qg)
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Overlay of XRPD patterns for Rifaximin/HPMC-AS MG dispersions
obtained from methanol by spray drying

Top to bottom: 25:75 (w/w) Rifaximin/HPMC-AS MG
50:75 (w/w) Rifaximin/HPMC-AS MG
75:25 (w/w) Rifaximin/HPMC-AS MG
Crystalline Rifaximin as-received
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mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-AS MG dispersion
obtained from methanol by spray drying

Sample: rifaximin DSC
Size: 1.8900 mg
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mDSC thermogram for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion
obtained from methanol by spray drying
Sample: rifaximin
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mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-AS MG dispersion
obtained from methanol by spray drying

Sample: rifaximin

Size: 1.9900 mg DsC
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Overlay of mDSC thermogram for Rifaximin/HPMC-AS MG dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/HPMC-AS MG
50:75 (w/w) Rifaximin/HPMC-AS MG
75:25 (w/w) Rifaximin/HPMC-AS MG
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Overlay of XRPD patterns for Rifaximin/Eudragit L100-55 dispersions
obtained from methanol by spray drying.

Top to bottom: 25:75 (w/w) Rifaximin/Eudragit L100-55
50:75 (w/w) Rifaximin/Eudragit L100-55
75:25 (w/w) Rifaximin/Eudragit L100-55
Crystalline Rifaximin as-received
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mDSC thermogram for 25:75 (w/w) Rifaximin/Eudragit L100-55
dispersion obtained from methanol by spray drying

Sample: rifaximin DSC
Size: 2.5300 mg
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mDSC thermogram for 50:50 (w/w) Rifaximin/Eudragit L100-55
dispersion obtained from methanol by spray drying

Sample: rifaximin DSC
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mDSC thermogram for 75:25 (w/w) Rifaximin/Eudragit L100-55
dispersion obtained from methanol by spray drying

Sample: rifaximin

Size: 1.8900 mg DsC
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Overlay of mDSC thermogram for Rifaximin/Eudragit L100-55
dispersions obtained from methanol by spray drying

Top to bottom: 25:75 (w/w) Rifaximin/Eudragit L100-55
50:75 (w/w) Rifaximin/Eudragit L100-55
75:25 (w/w) Rifaximin/Eudragit L100-55
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mDSC thergram for 25:75 (w/w) Rifaximin/HPMC-P
dispersion stressed at 40 °C/75% RH for 7 d

Sample: rifaximin DSC
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mDSC thergram for 75:25 (w/w) Rifaximin/HPMC-AS HG
dispersion stressed at 40 °C/75% RH for 7 d
Sample: rifaximin DSC
Size: 0.9500 mg
. - 0.04
024 7 '
S o1) -0.02
= '] A I
= ]
3 169.48°C i
| 177.06°C(1)
O - L
= %0 0.4984)/(g°C)| %00
E 185.74°C
T 0.1 " :
32080C N e ~ [-0.02
-0.2 _
T — T T 1T — 1 T T '0.04

100 50 0 50 100 150 200 250
Temperature (°C)

Fig. 28

SUBSTITUTE SHEET (RULE 26)

Rev Heat Flow (W/qg)

Rev Heat Flow (W/qg)



WO 2012/009388 PCT/US2011/043769

Heat Flow (W/qg)

Heat Flow (W/g)

23/75
mDSC thergram for 75:25 (w/w) Rifaximin/HPMC-AS MG
dispersion stressed at 40 °C/75% RH for 7 d

Sample: rifaximin DSC
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mDSC thergram for 25:75 (w/w) Rifaximin/Eudragit L100-55
dispersion stressed at 40 °C/75% RH for 7 d
Sample: rifaximin DSC
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XRPD pattern for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion

top: 50:50 (w/w) Rifaximin/HPMC-AS MG
bottom: Crystalline Rifaximin as-received
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Modulate DSC thermograms for 50:50 (w/w)
Rifaximin/HPMC-AS MG dispersion

Sample: rifaximin

Size: 2.2500 mg D5C
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Fig. 32

TG-IR analysis for 50:50 (w/w) Rifaximin/HPMC-AS MG

dispersion — TGA data

Sample: rifaximin TSA
Size: 7.5090 mg

100.57
100.0 k 0.4602% weight loss up to 100 °C
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- . e s
TG-IR analysis for 50:50 (w/w) Rifaximin/HPMC-as MG
dispersion—Gram-Schmidt plot and waterfall plot
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XRPD pattern for 25:75 (w/w) Rifaximin/HPMC-P dispersion

top: 25:75 (w/w) Rifaximin/HPMC-P
bottom: Crystalline Rifaximin as-received
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Modulate DSC thermograms for 25:75 (w/w) Rifaximin/HPMC-P dispersion

Sample: rifaximin
Size: 2.4700 mg D5C
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Fig. 37
TG-IR analysis for 25:75 Rifaximin/HPMC-P dispersion — TGA data
Sample: rifaximin
Size: 5.6040 mg TGA
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TG-IR analysis for 25:75 (w/w) Rifaximin/HPMC-P
dispersion — Gram-Schmidt plot and waterfall plot

0.0034 Gram-schmidt

0.0032
0.0030
0.0028
0.0026
0.0024
0.0022
0.0020
0.0018
0.0016
0.0014
0.0012
0.0010
0.0008

0.0006 T f T T T T T T T T T T T T T T T T T T T T T T T

Time (minutes)

(O]
@)
[
[§0)
2
o)
(%}
0
<
0.021
O.OO: . ..I T T I T T T T I T T T T I T
3000 2000 1000
Wavenumbers (cm-1)
J
Y
Fig. 39

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/043769

WO 2012/009388

31/75

ot b4

(L-WD) siaquinuaAepA

00¢lL 000¢ 00S¢
1 1 1 1

000¢
|

|

- S0
L0'L
- S0

L 0L

S -

UIW 010’1 | 32 wnJ1dads payul

uoisIadsip d-DWdH/UIWIXejy (M/m) §/:SZ 104 siskjeue y|-o]

"UIW / |72 18 WnJ1ads payul [

sqv Qv sqQv sqQv sqQv

sqQv

SUBSTITUTE SHEET (RULE 26)



WO 2012/009388

32/75

PCT/US2011/043769

Overlay of pre-processed XRPD patterns in multivariate

mixture analysis.
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Estimated Concentrations of Rifaximin and HPMC-AS MG
using Unscrambler MCR analysis.

Estimated Concentrations

1.0
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Fig. 42

SUBSTITUTE SHEET (RULE 26)



WO 2012/009388 PCT/US2011/043769

34/75

Estimated XRPD patterns of Rifaximin and HPMC-AS MG
using Unscrambler MCR analysis

Estimated Spectra
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Overlay of estimated XRPD pattern of pure rifaximin using MCR
and measured XRPD pattern of 100% rifaximin

x 1073

Estimated XRPD pattern

Fig. 44
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Overlay of estimated XRPD pattern of pure HPMC-AS MG using MCR
and measured XRPD pattern of 100% HPMC-AS MG.
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XRPD pattern for combined solids of Rifaximin/HPMC-AS MG/
Pluronic ternary dispersion from scale-up attempts
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Modulate DSC thermogram for combined solids of Rifaximin/HPMC-AS
MG/Pluronic ternary dispersion

Sample: rifaximin DSC
Size: 3.3600 mg
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Fig. 47

TG-IR analysis for combined solids of Rifaximin/HPMC-AS MG/Pluronic
ternary dispersion from scale-up attempts — TGA thermogram

Sample: rifaximin TGA
Size: 7.4650 mg
1 OO'OZ F0.6907% weight loss up to 100 °C
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Overlay of IR spectra for X-ray amorphous Rifaximin and combined
solids of Rifaximin/HPMC-AS MG/Pluronic ternary dispersion.

top: X-ray amorphous Rifaximin
bottom: Rifaximin/HPMC-AS MG/Pluronic ternary dispersion
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Overlay of Ramam spectra for X-ray amorphous Rifaximin and combined
solids of Rifaximin/HPMC-AS MG/Pluronic ternary dispersion.

top: X-ray amorphous Rifaximin
bottom: Rifaximin/HPMC-AS MG/Pluronic ternary dispersion
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Overlay of XRPD patterns for Rifaximin/HPMC-AS MG/Pluronic ternary
dispersion post-DVS solids and solids as-prepared

top: post-DVS solids of Rifaximin/HPMC-AS MG/Pluronic ternary dispersion
bottom: Rifaximin/HPMC-AS MG/Pluronic ternary dispersion as-prepared
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Overlay of XRPD patterns for Rifaximin ternary dispersion post-stressed
samples and as-prepared sample

top: Rifaximin ternary dispersion after stressed at 40 °C/75%RH for 12 weeks
second: Rifaximin ternary dispersion after stressed at 40 °C/75%RH for 6 weeks
third: Rifaximin ternary dispersion after stressed at 70 °C/75%RH for 3 weeks
fourth: Rifaximin ternary dispersion after stressed at 70 °C/75%RH for 1 week
bottom: Rifaximin ternary dispersion as-prepared
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mDSC thermgram for Rifaximin ternary dispersion
after 70 °C/75% RH 1 week

Sample: rifaximin
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mDSC thermgram for Rifaximin ternary dispersion

after 70 °C/75% RH 3 weeks

Sample: rifaximin

PCT/US2011/043769
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mDSC thermgram for Rifaximin ternary dispersion
after 40 °C/75% RH 6 weeks

Sample: rifaximin

PCT/US2011/043769
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mDSC thermgram for Rifaximin ternary dispersion
after 40 °C/75% RH 12 weeks

Sample: rifaximin

Size: 4.9700 mg DSC
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Rifaximin Solid Dispersion Capsules Dissolution
Acid Phase: 0.1 N HCl with variable exposure time
Buffer Phase: P. Buffer pH 6.8 W/0.45% SDS
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Rifaximin SD Capsules Dissolution
Acid Phase: 2 Hours; Buffer Phase: P. Buffer pH 6.8
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Fig. 62

Rifaximin Capsule Dissolution
Phosphate Buffer pH 6.8 w/0.45% SDS

--4-- TR 24846-2 (SD Rifaximin) —— TR 24846-1 (Amorphous Rifaximin)
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Rifaximin SDD Capsules Dissolution
Acid Phase: 2 Hours; Buffer Phase: P. Buffer pH 7.4
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=
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Fig. 64A
Rifaximin SDD Capsules Dissolution
Acid Phase: 0.1 N HCl with various exposure time
Buffer Phase: P. Buffer pH 7.4 W/0.45% SDS
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Rifaximin SDD with 10% CS Formulation was Used in
Human Clinical Studies

Kinetic Solubility
Rifaximin SD Granules
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Rifaximin SDD with 10% CS Formulation was Used in
Human Clinical Studies
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Rifaximin SDD with 10% CS Formulation was used in
Human Clinical Studies

Rifaximin SDD Capsules Dissolution
Acid Phase: 2 Hours; Buffer Phase: p. Buffer pH 7.4
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Fig. 66A
Rifaximin SDD with 10% CS Formulation was used in

Human Clinical Studies

Rifaximin SDD Capsules Dissolution

Acid Phase: 0.1 N HCl with variable exposure time
Buffer Phase: P. Buffer pH 7.4 W/0.45% SDS
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Effects of Media pH on Dissolution

Rifaximin SDD Tablet Dissolution
Acid Phase: 2 Hours pH 2.0
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Fig. 67A
Effects of Media pH on Dissolution
Dissolution Profiles
0.2% SDS at pH 4.5
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Effects of Media pH on Dissolution

Dissolution Profiles
0.2% SDS at pH 5.5
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Fig. 68A

Effects of Media pH on Dissolution

Dissolution Profiles
0.2% SDS at pH 7.4
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Effect of Media pH on Dissolution

Dissolution Profiles
SDD Tablet 2.5% CS
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Fig. 69A
Effect of Media pH on Dissolution
Dissolution Profiles
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Effect of Media pH on Dissolution

Dissolution Profiles
SDD Tablet 10% CS
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Fig. 70A

Effect of Media pH on Dissolution

Dissolution Profiles
SDD Tablet 5% CS

—— 0.2% SLS pH 4.5
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CS Release Mechanism
Kinetic Solubility in FaSSIF Media pH 6.5

PCT/US2011/043769
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CS Release Mechanism
Slope vs. Time point
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Overlay of XRPD patterns of rifaximin quaternary samples
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mDSC thermogram of rifaximin quaternary sample containing

0.063 wt% BHA
DSC
Sample: rifaximin File: J....\EP20110397\Data\DSC\451911.dsc
Size: 3.4400 mg Operator: KEL
Method: Conventional MDSC Run Date: 21-Mar-2011 17:13
Comment: 260396, 4375-52-02, 2°C/min, C, R1, P1 Instrument: DSC Q2000 V23.10 Build 79
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mDSC thermogram of rifaximin quaternary sample
containing 0.063 wt% BHT

DSC
Sample: rifaximin File: I\LIMS\EP20110397\DSC\452362.dsc
Size: 4.6700 mg Operator: KEL
Method: Conventional MDSC Run Date: 22-Mar-2011 16:14
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mDSC thermogram of rifaximin quaternary sample containing

0.094 wt% PG
DSC
Sample: rifaximin File: I\LIMS\EP20110397\DSC\452613.dsc
Size: 3.9700 mg Operator: KEL
Method: Conventional MDSC Run Date: 23-Mar-2011 15:46
Comment: 260658, 4375-54-01, 2°C/min, C, R1, P1 Instrument: DSC Q2000 V23.10 Build 79
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XRPD pattern comparison of rifaximin solid dispersion
powder 42.48% w/w with roller compacted material
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Group A
Dose escalation

PCT/US2011/043769
68/75
75 mg RFX X mg RFX Y mg RFX )
IR capsule IR capsule IR capsule

Clinic |washout| Clinic |washout| Clinic

Fig. 79

Part A dose escalation / dose selection

— N =10 male subjects

— 3 ascending single doses (SDD powder in capsule)
« 75,250, 550 mg planned

— Plasma PK samples collected fpr 24 h

— Urine and feces collected in total for 24 h

— ~7 day washout between doses

— Safety, tolerability, and plasma PK data reviewed at
each decision point for next dose selection

Fig. 80
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