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t hough therapeutic efficacy is the primary concern

for a therapeutic agent, the solid-state form as well

988 the salt form and the properties unique to the
particular formof a drug candidate are often equally
important to its devel opnent. Each solid state form
(crystalline or anorphous) of a drug candi date can
have different physical and chem cal properties, for
exanple, solubility, stability, or the ability to be
reproduced. These properties can inpact the ultimate
pharmaceuti cal dosage form the optim zation of
manuf act uri ng processes, and absorption in the body.



[0062] Fig. 52 is the proton NVR spectrum of racemc

il aprazole, FormE. [0063] Fig. 53 is the solid state
ssNMVR spectrum of racemc il apraz

éggf%WFl g. 54 is the IR spectrum of race%"lcelwgi&m;139127

il aprazole, FormE. [0065] Fig. 55 depicts the

tabl eting process for preparing a del ayed rel ease

phar maceuti cal conposition of the invention
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1084¢ebd.4TENSI onal space. The physical properties of
enantiomers are identical toZeach other with the
exception of the rotation of the plane of polarized
light. It is this rotation of polarized |ight that
allows one skilled in the art to determne if a chiral
material is enantionerically pure. 10071] In the solid
state, pure enantioneric materials (also known as
enantiopure materials) are, by definition, conposed of
a single enantioner and can have very different
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[0043] Fig. 33 is a comparison of the calculated XRPD of racemic ilaprazole, Form F {top) with
the experimental XRPD of racemic ilaprazole, Form F (bottom).

[0044) Fig. 34 is the XRPD pattern of racemic ilaprazole, Form L.

{0045] Fig. 35 is the TGA thermogram of racemic ilaprazole, Form L.

{0046] Fig. 36 is the DSC thermogram of racemic ilaprazole, Form L

[0047] Fig. 37 is the proton NMR spectrum of racemic ilaprazole, Form 1.

[0048] Fig. 38 is the IR spectrum of racemic ilaprazole, Form 1.

[0049] Fig, 39 is the RAMAN spectrum of racemic ilaprazole, Form L.

{0050] Fig. 40 is the DVS isotherm of racemic ilaprazole, Form L

[0051] Fig. 41 is the XRPD pattern of racemic ilaprazole, Form B.

[0052] Fig. 42 is the TGA thermogram of racemic ilaprazole, Form B.

[0053] Fig. 43 is the DSC thermogram of racemic ilaprazole, Form B.

[0054] Fig. 44 is the proton NMR spectrum of racemic ilaprazole, Form B.

{0055] Fig. 45 is the solid state B CP/MAS ssNMR spectrum of ilaprazole, Form B.
[0056] Fig. 46 is the IR spectrum of racemic ilaprazole, Form B.

[0057] Fig. 47 is the RAMAN spectrum of racemic ilaprazole, Form B.

[0058] Fig. 48 is the DV isotherm of racemic ilaprazole, Form B.

[0059] Fig. 49 is the XRPD pattern of racemic ilaprazole, Form E.

[0060] Fig. 50 is the TGA thermogram of racemic ilaprazole, Form E.

[6061] Fig. 51 is the DSC thermogram of racemic ilaprazole, Form E.

[6062] Fig. 52 is the proton NMR spectrum of racemic ilaprazole, Form E.

[0063] Fig. 53 is the solid state 3¢ CP/MAS ssNMR spectrum of racemic ilaprazole, Form E.
[0064] Fig. 54 is the IR spectrum of racemic ilaprazole, Form E.

[0065] Fig. 55 depicts the tableting process for preparing a delayed release pharmaceutical

composition of the invention.
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[0066] Fig. 56 shows mean plasma concentration versus time profiles of racemic ilaprazole
following administration of a single 40 mg oral dose of ilaprazole as delayed-release tablets
containing Forms A, B or F.

[0067] Fig. 57 shows the *C CP/MAS ssNMR spectra of delayed-release formulations

containing 40 mg of racemic ilaprazole, Forms A, B, and F.

Detailed Description of the Invention

[0068] Taprazole, 2[[(4-methoxy-3-methyl-2-pyridinyl)-methyl]sulfinyl}-5-(1H-pyrrol-1-yl) 1H-
Benzimidazole, is a substituted benzimidazole that acts as a proton pump inhibitor. Ilaprazole
selectively and irreversibly inhibits gastric acid secretion through inhibition of the hydrogen-
potassium adenosine triphosphatase (H-+K-+-ATPase) (proton pump) mechanism, Inhibition of
the proton pump occurs by formation of disulfide covalent bonds with accessible cysteines on the
enzyme. Ilaprazole has a prolonged duration of action that persists after their elimination from
plasma. See, for example, U.S. Patent Nos. 5,703,097 and 6,280,773, which are incorporated
herein by reference.

[0069]} Ilaprazole has the empirical formula CiH;sN4OS having a molecular weight of 366.44

daltons. Ilaprazole is a chiral molecule and has the following structural Formula (I):

O-CH,
CH

= 3(1? N NQ
s S--~<* 4
N N:©/
|

| i m.
Taprazole, like all proton pump inhibitors, possesses the unique feature of a chiral sulfur atom,
S*. This can be depicted as follows with the lone pair of electrons on the chiral sulfur atom

occupying one position in each stereoisomer, as shown below:

10846660.5
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27. 7

The absolute structure and absolute confirmation of (-)-S-ilaprazole was made through single
crystal structure determination and is shown below. See Example 7 of co-pending U.5.
Application Ser. No. 11/966,808 of Brackett et al. entitled, “Solid State Forms of Enantiopure
Haprazole™ filed December 28, 2007, herein incorporated by reference in its entirety.

Thus, its complimentary enantiomer is (+)-R-ilaprazole, as shown below.
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[6670] Chiral molecules are well known to chemists, Chiral molecules exist in two
enantiomorphic forms that are mirror images of each other. In the same manner that left and
right hands are mirror images of each other and carmnot be superimposed over each other,
enantiomers of chiral molecules cannot be superimposed over cach other. The only difference in
the molecules is the arrangement of groups connected to the chiral center in three dimensional
space. The physical properties of enantiomers are identical to each other with the exception of
the rotation of the plane of polarized light. It is this rotation of polarized light that allows one
skilled in the art to determine if a chiral material is enantiomerically pure.

[0071] In the solid state, pure enantiomeric materials (also known as enantiopure materials) are,
by definition, composed of a single enantiomer and can have very different properties compared
to racemates. This is particularly true in the crystalline form. Racemates can crystallize as a
conglomerate (where the two enantiomers form identical, mirror-image crystals that are the pure
enantiomer), a racemic compound (where the two enantiomers coexist and are incorporated into
specific locations of the crystal) or a solid solution (where the enantiomers can be located at
random sites within the crystal). The solid state can be characterized by various physical
properties such as solubility, melting point, x-ray powder diffraction, solid state NMR, Raman,
and IR spectroscopy.

[0072] The solid state forms of racemic ilaprazole of the invention are designated as Forms A, B,
E, F, and 1. Each crystalline form of racemic ilaprazole of the invention is described in the
Examples below. Figs. 1-4 are comparison figures showing the XRPD patterns, the solid state
B CP/MAS NMR spectra , the IR spectra, and the Raman spectra of the crystalline forms of
racemic ilaprazole according to the invention. The different crystalline forms of racemic
ilaprazole can be identified or characterized by comparing their respective spectra. Similarities
may also be seen, such as the common XRPD peak at 15.8 °20 # 0.2 °28. The proton NMR
spectra are useful in showing that each ilaprazole form is chemically the same as the starting
material. Additional data for each crystalline form which may be used to identify each form is
presented in the Examples below. Each form disclosed here possesses advantages vis-a-vis the
other forms, for example, for a particular formulation or processing,.

[0073] The term “racemic” or “racemate,” is defined as a 1:1 mixture of the two enantiomers of
ilaprazole regardless of their physical state. A racemic mixture of ilaprazole can be composed of

individual crystals which may be the pure enantiomers or ratios of the R and S enantiomers,
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[0076] Racemic ilaprazole, Form A crystallizes with the monoclinic space group F2;, which is
not centrosymmetric (i.e. does not contain a center of symmetry). Surprisingly, unequal numbers
of R and S isomers can coexist within this structure. Three Form A single crystal structures were
determined. While not wishing to be bound by theory, it believed that an individual crystal of
Form A contains an approximate 70/30 (or 30/70) mixture of the R and S isomers. The
arrangement of isomers appears disordered and is manifest in the crystallographic data as two
atomic positions for the single oxygen bound to the chiral sulfur of the sulfoxide group. It is
believed that each oxygen position represents one isomer and is partially occupied (e.g. one
position is 70% R(S) occupied and the other is 30% S(R) occupied).

[0077] Structures were determined for both enantiomeric compositions. Two of the predicted
structures contained enantiomeric ratios of approximately 70-30 while another had a ratio of
approximately 28-72, suggesting that such a ratio is preferred under these conditions, However,
the bulk material is racemic, as demonstrated by a net 0° rotation of plane polarized light,

indicating that the bulk material contains approximately equal numbers of crystals with ratios of
70% R/30% S and 30% R/70% S
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50/50 racemic mixture. When crystallized from racemic solution at ambient temperature, Form
A can be characterized as a solid solution in which individual crystals may contain mixture of the
R and 8 isomers. This behavior is similar to that described by a conglomerate, except that a
conglomerate is composed of equal numbers of pure S and pure R crystals.

[0079] Racemic ilaprazole Form F is believed to be a kinetically favored crystal form. Under
certain conditions, e.g., temperatures, aqueous mixed solvent composition, and pH gradients,
Form F is more soluble in aqueous solvents than Form A. Solubility studies are shown in
Example 6. Like Form B, Form F is less bioavailable than Form A. 1t too may be used to
prepare longer acting pharmaceutical compositions. Form F has the longest half-life of the
crystalline Forms A, B, and F which were evaluated in the bioavailability study of Forms A, B,
and F, Example 9. Form F is slightly hygroscopic.

{0080] Form F crystallizes with the centrosymmetric space group P2;/n which must contain a
center of symmetry. Each crystal must contain an equal number of R and S isomers. Thus, Form
F is a racemic crystal. The arrangement of isomers within this structure is disordered. There are
two oXygen atom positions for the oxygen bound to the chiral sulfur of the sulfoxide group, each
partially occupied in an 86/14 ratio. At first glance this seems similar to the Form A structure,
but the presence of a center of symmetry in the space group of the Form F structure dictates it be
racemic. Therefore, individual Form F crystals must contain an equal number of both
enantiomers. In the disordered Form F structure, half of the crystallographic sites have an
enantiomeric or occupancy ratio of approximately 86/14 and other half have the opposite ratio of
approximately 14/86. Chiral HPLC and optical rotation analysis confirms that both the single
crystals of Form F and the bulk material are racemic.

[0081] Racemic ilaprazole Form B crystallizes in pure form from aprotic solvents such as
acetone or dichloromethane/ethyl acetate. This leads to a manufacturing advantage. For
example, Form B may be used to purify ilaprazole. Form B is also a stable crystalline form
having good long term stability or shelf life. Form B is more soluble in aqueous solvents than

Form A. The bioavailability study of Forms A, B, and F, discussed in Example 9, showed that
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[0083]68Am2 Bl, B @idiaky/tacdni0@BAtalline forms of ilaprazole whose individual crystal
structures have not been determined. Although the enantiomeric composition of the individual
crystal structure is not known, chiral HPLC confirms that the bulk composition of each of these
forms is racemic, 1.¢. contains an equimolar mixture of each enantiomer. As mentioned above,
the x-ray powder diffraction (XRPD) patterns the solid state ¥C CP/MAS NMR spectra , the IR
spectra, and the Raman spectra obtained on these forms show characteristic peaks which identify
each form. As shown in the Examples, the physical properties of Forms A, B, F, and 1, such as
melt onset temperature and moisture sorption/desorption profiles, also differ depending on the

particular form.

Pharmaceutical Compositions and Methods

[0083] Ilaprazole is useful for inhibiting gastric acid secretion as well as for providing
gastrointestinal cytoprotective effects in mammals, including humans. In a more general sense,
ilaprazole may be used for prevention and treatment of gastrointestinal inflammatory diseases in
mammals, including e.g. gastritis, gastric ulcer, and duodenal ulcer. As discussed above, such
GI disorders include, for example, gastroesophageal reflux disease (GERD), peptic ulcer disease,
Zollinger-Ellison Syndrome (ZES), ulcers, and nonsteroidal anti-inflammatory drug (N SAID)-
induced gastropathy. Ilaprazole may also be used for prevention and treatment of other
gastrointestinal disorders where cytoprotective and/or gastric antisecretory effect is desirable,
e.g. in patients with gastrinomas, in patienis with acute upper gastrointestinal bleeding, and in
patients with a history of chronic and excessive alcohol consumption,

j0084] The results of Phase 1 clinical studies conducted with ilaprazole results suggest that at
the doses studied, suppression of gastric acid oceurs over a 24-hour period. In Phase 2 clinical
studies conducted with ilaprazole, the results indicated that ilaprazole at the doses studied
provided symptomatic relief for patients with gastric-acid related disorders and promoted rapid
healing of acid-related gastric and duodenal ulcers,

[0085] Accordingly, the invention relates to a pharmaceutical composition for inhibiting gastric

acid secretion comprising a crystalline form of racemic ilaprazole according to the invention in
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invention, or a pharmaceutical composition containing it, in an amount sufficient to inhibit
gastric acid secretion. The invention also provides a method for the treatment of gastrointestinal
inflammatory diseases in mammals by administering to mammals a crystalline form of racemic
ilaprazole according to the invention, or a pharmaceutical composition containing it, in an
amount sufficient to treat gastrointestinal inflammatory disease. The invention further provides a
method for providing pastrointestinal cytoprotective effects in mammals by administering to
marnmals  crystalline form of racemic ilaprazole according to the invention, or & pharmaceutical
composition containing it, in an amount sufficient to provide gastrointestinal cytoprotective
effects.

[0037} The invention relates to pharmaceutical compositions comprising a therapeutically
effective amount of a crystalline form of racemic jlaprazole of the invention and a
pharmaceutically acceptable carrier, (also known as a pharmaceutically acceptable excipient).
The pharmaceutical composition may also contain a mixture of crystalline form of racemic
ilaprazole. As discussed above, the crystalline forms of racemic ilaprazole are useful for the
treatment of various acid-related gastrointestinal (GI) disorders. Pharmaceutical compositions
for the treatment of those diseases and disorders contain a therapeutically effective amount of a
crystalline form of racemic ilaprazole of the invention to inhibit gastric secretion as appropriate
for treatment of a patient with the particular disease or disorder.

[0088] A “therapeutically effective amount of a crystalline form of racemic ilaprazole to irthibit
gastric secretion” (discussed here concerning the pharmaceutical compositions) refers to an
amount sufficient to inhibit or reduce gastric secretion and thereby to treat, i.e. to reduce the
effects, inhibit or prevent, various acid-related gastrointestinal (GI} disorders and/or provide
gastrointestinal cytoprotection. The actual amount required for treatment of any particolar
patient will depend upon a variety of factors including the disorder being treated and its severity;

the specific pharmaceutical composition employed; the age, body weight, general health, sex and
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to the ﬂitve:’ﬁsmt ﬂﬂe dieafi&iofRbs treatmmt any drugs used in combination or coincidental
with the specific compound employed; and other such factors well known in the medical arts.
These factors are discussed in Goodman and Gilman’s “The Pharmacological Basis of
Therapeutics,” Tenth Edition, A. Gilman, J.Hardman and L. Limbird, eds., McGraw-Hill Press,
155-173 (2001), which is incorporated herein by reference.

[0089] The absorption of the crystalline forms of racemic ilaprazole can be altered depending on
when the subject consumes food in relation to when the dosage is administered. The rate of
absorption can also depend on the type of diet consumed, particularly if the diet has a high
concentration of fats. These factors, as well as others known to those of skill in the art that can
affect the absorption of proton pump inhibitors, can consequently influence the efficacy of the
crystalline forms of racemic ilaprazole in inhibiting gastric acid secretion. It has been found that
the absorption of the crystalline forms of racemic ilaprazole can be delayed and the
bioavailability increased when administered in the fed state or approximately five minutes before
a high-fat meal, compared to administration in the fasted state. Administration of the crystalline
forms of racemic ilaprazole approximately one hour before a high-fat meal produces results
similar to that observed during administration in the fasted state. These findings are consistent
with similar studies performed with other tableted formulations of proton pump inhibitors.
[0090] A pharmaceutical composition of the invention may be any pharmaceutical form which
contains and retains the crystalline form of racemic ilaprazole according to the invention. The
pharmaceutical composition may be, for example, a tablet, capsule, liquid suspension, injectable,
topical, or transdermal. A comprehensive disclosure of suitable formulations (including
controlled-release formulations, e.g. delayed release, sustained/extended release, etc.) may be
found in U.S. Published Application No. 2006/013868, herein incorporated by reference in its
entirety. For injectables and liquid suspensions, those shoﬁld be formulated such that the
crystalline form of racemic ilaprazole is present in the formulated composition.

[0091] Depending on the type of pharmaceutical composition, the pharmaceutically acceptable
carrier may be chosen from any one or a combination of carriers known in the art. The choice of
the pharmaceutically acceptable carrier depends upon the pharmaceutical form and the desired

method of administration to be used. For a pharmaceutical composition of the invention, that is
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invention. Nor should the carrier be otherwise incompatible with a crystalline form of racemic
ilaprazole according to the invention, such as by producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any other component(s) of the pharmaceutical
composition.

[0092] The pharmaceutical compositions of the invention are preferably formulated in unit
dosage form for case of administration and uniformity of dosage. A “unit dosage form” refers to
a physically discrete unit of therapeutic agent appropriate for the patient to be treated. It will be
understood, however, that the total daily dosage of a crystalline form of racemic ilaprazole of the
invention and its pharmaceutical compositions according to the invention will be decided by the
attending physician within the scope of sound medical judgment.

[0093] It may be desirable to administer the dosage in a composition where the crystalline form
of racemic ilaprazole is released from the dosage form as a first and a second dose where each of
the first and second dose contain a sufficient amount of the crystalline form of racemic ilaprazole
to raise plasma levels to a desired concentration. Suitable formulations to achieve this are
disclosed in PCT Published Application No. WO 2006/009602, herein incorparated by reference
in its entirety.

[0094] Because the crystalline form of racemic ilaprazole of the invention is more easily
maintained during their preparation, solid dosage forms are preferred for the pharmaceutical
composition of the invention. Solid dosage forms for oral administration, which includes
capsules, tablets, pills, powders, and granules, are particularly preferred. In such solid dosage
forms, the active compound is mixed with at least one inert, pharmaceutically acceptable carrier
(also known as a pharmaceutically acceptable excipient). The solid dosage form may, for
example, include one or more pharmaceutical carriers/excipients as known in the art, including:
a} fillers or extenders such as starches, lactose, lactose monohydrate, sucrose, glucose, mannitol,
sodium citrate, dicalcium phosphate, and silicic acid; b) binders such as, for example,
carboxymethylcellulose, microcrystalline cellulose, alginates, gelatin, polyvinylpyrrolidinone,
sucrose, and acacia; ¢) humectants such as glycerol; d) disintegrating agents such as agar,

calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, sodium starch
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cetyl akbkisihd glycdolliBdnostearate; h) absorbents such as kaolin and bentonite clay; 1)
lubricants such as talc, calcium stearate, magnesium stearate, magnesium hydroxide, solid
polyethylene glycols, sodium laury! sulfate; and j) glidants such as colloidal silicon dioxide. The
solid dosage forms may also comprise buffering agents. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, and/or optionally in a delayed manner
Remington’s Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co.,
Easton, Pa., 1980), herein incorporated by reference in its cntirety, discloses various carriers used
in formulating pharmaceutical compositions and known techniques for the preparation thereof.
Solid dosage forms of pharmaceutical compositions of the invention can also be prepared with
coatings and shells such as enteric coatings and other coatings well known in the pharmaceutical
formulating art, including formulations and coatings designed to provide for extended release of
the active pharmaceutical ingredient (APT). For example, U.S. Patent No. 6,605,303,
incorporated herein by reference, describes oral extended release formulations for the proton
pump inhibitor omeprazole. Accordingly, the solid dosage form may be an extended or delayed
release formulation. An exemplary delayed-release tablet formulation is described in Example 8,
below.

[0095] A crystalline form of racemic ilaprazole of the invention can also be in a solid micro-
encapsulated form with one or more carriers as discussed above, Microencapsulated forms of a
crystalline form of racemic ilaprazole of the invention may also be used in soft and hard-filled
gelatin capsules with carriers such as lactose or milk sugar as well as high molecular weight
polyethylene glycols and the like.

[0096] The invention also provides methods for the treatment of the G disorders discussed
above. The solid forms of racemic ilaprazole and pharmaceutical compositions containing them
may, according to the invention, be administered using any amount, any form of pharmaceutical
composition and any route of administration effective for the treatment. Afier formulation with
an appropriate pharmacentically acceptable carrier in a desired dosage, as known by those of
skill in the art, the pharmaceutical compositions of this invention can be administered to humans

and other animals orally, rectally, parenterally, intraveneously, infracisternally, intravaginally,
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1001401The XRPD pattern of racemic ilaprazole, FormgF
was obtained using an Inel XRG 3000 diffractoneter, as

above. The neasurenent conditions
‘Wgﬁg gﬁg:fn Table 9. Fig. 19 shows the XRPD S‘I‘f' el
for racem c ilaprazole, FormF. Table 10 reports the
peaks identified in the XRPD pattern. In its XRPD

racem c il aprazole, FormF may be characterized
[001§8aks dolid Smt@'é@ cms NWHR AmlsepEsNMB)2Sgppies wae srﬁmr@d for

011dgs|m§%]8$ﬁlgspeﬁ £asEopy | ?}[em;lgg) Aggntﬂ%{%ﬁhgﬁ@ﬁltcgﬁlh $dtbiS. The
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ta Process Condition: Snoothing[ AUTQ snoothing

poi nts- 11 current 30.0 (mA) B.G Subtraction

Tabl% Oo%gﬁ?gﬁ‘,f@ ,S[,Mﬂmm&éis Slits divergence slit =

epeat tinmes = 30 scatter slit = 1.00000
Refefabeg) Kal -aﬁlm@at@aﬂm&wm@]at Féeepmiing slit = 035000
Temperaguraal a2 Amabiet = 50.0 (% Scanni ng Peak Search
Pulsf &dgi@lcedr i vexpalvilghor 2Thet a/ Theta differenti al poi nts =
11Rslagationdelgy = 205&%nds 39. 987 FWHM t hreshol d =
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time  0.0200 (degy for 300 HEMSIR)); 6wt Eduneny scans for Form
Correction: [N fmmeenpr 7veak Correction: [NJ
Tahl.guiddpofa@ak Pogbd ons of Racemic Il aprazole, FormF
'H ﬁgRg’lBthttern Peakgh@qfosi tion (20 0.2
SPINAL-64 decoupling
Cross Polarization tangent RAMP-CP on C13
Contact Time: 5.0 mseconds
Spin rate: 12000 Hz
PData processing:
Backward linear prediction: 3 points
Line broadening: 10.0 Hz
FT size: 3278

[00104] Thermogravimetric Analysis (TGA): Thermogravimetric analyses were carried
out on a TA Instruments 2950 thermogravimetric analyzer. The calibration standards were
nicke!f and Alumel™. Each sample was placed in an aluminum sample pan and inserted into the
TG furnace. Samples were started directty from ambient and then heated under a stream of
nitrogen at a heating rate of 10 °C/min, up to a final temperature of 350 °C.

[00105] Raman Spectroscopy: Fourier Transfrom-Raman spectra were acquired on an FT-
Raman 960 spectrometer (Thermo Nicolet). This spectrometer uses an excitation wavelength of
1064 nm. Approximately 0.5 W of Nd:YVO4 laser power was used to irradiate the sample. The

Raman spectra were measured with an indium gailium arsenide (InGaAs) detector. The samples
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were prepared for analysis by placing the sample into a capillary. A total of 256 sample scans
were collected from 3600 — 100 cm™ at a spectral resolution of 4 o™, using Happ-Genzel
apodization. Wavelength calibration was performed using sulfur and cyclohexane,

00106} . X-Ray Powder Diffraction (XRPD): XRPD patterns were obtained using the two
diffractometers discussed below.

[00107)  Shimadzu XRD-6000 Diffractometer: Analyses were carried out on a Shimadzu
XRD-6000 X-ray powder diffractometer using Cu Ko radiation. The instrument is equipped
with & long fine focus X-ray tube. The tube voltage and amperage were set at 40 kV and 40 mA,
respectively. The divergence and scattering slits were set at 1° and the receiving slit was set at
0.15 mm. Diffracted radiation was detected by a Nal scintillation detector. A theta-two theta
continuous scan at 3 °/min (0.4 sec/0.02° step) from 2.5 to 40 28 was used. A silicon standard
was analyzed to check the instrument alignment. Samples were prepared for analysis by placing
them in an aluminumy/silicon sample holder.

[00108] Inel XRG-3000 Diffractometer: Analyses were also performed on an Inel XRG-
3000 diffractometer, equipped with a curved position-sensitive detector with a 26 range of 120°.
Real time data were collected using Cu Ko radiation starting at approximately 4 °20 at a
resolution of 0.03 °28. The tube voltage and amperage were set to 40 kV and 30 mA,
respectively. Samples were run for 5 or 15 minutes. Patterns are displayed from 2.5 to 40 °26 to
facilitate direct pattern comparisons. 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. Instrument calibration was
performed daily using a silicon reference standard.

[00109} XRPD Peak Picking Methods: Any XRPD files generated from an Inel
instrument were converted fo Shimadzu .raw file using File Monkey version 3.0.4. The
Shimadzu .raw file was processed by the Shimadzu XRD-6000 version 4.1 software to
automatically find peak positions. The “peak position” means the maximum intensity of a
peaked intensity profile. Parameters used in peak selection are shown with each parameter set of
the data. The following processes were used with the Shimadzu XRD-6000 “Basic Process”
version 2.6 algorithm: 1) smoothing was done on all patterns; 2) the background was subtracted
to find the net, relative intensity of the peaks; and 3) the Cu K alpha2 (1.5444 A wavelength)

10846660.5
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peak was subtracted from the pattern at 50% of the Cu K alphal (1.5406A) peak intensity for all
patterns. This method was used when selecting all peaks, except Form E. For Form E, peaks
were selected using Match v 2.3.6 with default parameters.

[00110] Each figure listing XRPD peaks for each Form shows peaks selected by the peak
picking method described above. Tables listing peaks for cach Form shows peaks that are
visually present in the diffractogram. Peaks which characteristically define the particular form

are identified. 1/Io is relative intensity.

[00111] Example 1: Preparation of Racemic Haprazole, Form A

{00112} 3% NH,OH/Acetonitrile (MeCN) (6.00 kg, 15.0 parts) was charged to a flask.
Afier adjusting the temperature to 5°C (2-8°C), Ilaprazole (0.400 kg) was charged and the
contents were agitated for 1 hour. The slurry was filtered off and the filter cake rinsed with 3%
NH;OH/MeCN (2 x 0.400 kg, 2 x 1.00 part),

[00113] The filter cake was charged into the flask, followed by 0.5% NH,OH/EtOH
(0.200 kg, 0.500 part) and concentrated at 20-25°C under reduced pressure, until distillation
stopped. 0.5% NH,OH/EtOH (1.00 kg, 2.50 parts) was charged to the flask, followed by
methylene chloride (2.40 kg, 6.00 parts). The resulting solution was concentrated at 20-25°C
under reduced pressure to ca. 1.0 L (2.50 volumes). 0.5% NH4OH/EtOH (1.20 kg, 3.00 parts)
was charged and the mixture was concentrated at maximum 20-25°C under reduced pressure to
ca. 1.2 L (3.00 volumes). 0.5% NH,OH/EtOH (0.200 kg, 0.500 part) was charged and the
contents were adjusted to 5°C (2-8°C) and agitated for 45 minutes. The slurry was filtered off
and rinsed with 0.5% NHOH/EtOH (0.200 kg, 0.500 part), EtOH (0.200 kg, 0.500 part) and
MTBE (2 x 0.200 kg, 2 x 0.500 part). The filter cake was pull-dried for 2 hours, and further dried
under vacuum at maximum temperature of 53°C for 92 hours. Yield of racemic ilaprazole, Form

A: 0.338 kg (85%). Particle size: 206

[00114] Example 2: Preparation and Characterization of Racemic Ilaprazole Form A
[00115] A saturated solution of ilaprazole in acetone and triethylamine was filiered
through a nylon filter into a glass vial. The open vial was then exposed to hexanes vapor within

a closed chamber, The sample was allowed to equilibrate at ambient temperature and humidity.
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198 7 35 35.8 2.5 85 3 [00141]Fig. 20 is the TGA
t hernmogram of racem c ilaprazole, FormF. The sanple

. showed a 2. 4% weight |oss up to 150C. 1001421Fig. 21
The ¢rystalhac@sacd hp deesgiation, ofere nadichave apromhelagy of shuptered needles

and %%gslﬁgﬁ?&?%ﬁﬁ% 9?%&1:1%}@%}?@%,%%%%(1%@% ﬁ?n%‘?‘ racemic
[001id]apr aZiHeSRIBD patten offmyende dlgsrazole Form A was obtained using a Shimadzu
XRD-6000 X-ray powder diffractometer, as deseribed above. The measurement conditions are
reported in Table 3. Fig. 5 shows the XRPD pattern for racemic ilaprazole Form A. Table 4
reports the peaks identified in the XRPD pattern. In its XRPD racemic ilaprazole Form A may
be characterized by peaks at 8.0 °20 £ 0.2 °26; 13.2 °20 (.2 °26; and 24.1 °26 < 0.2 °20,
Another characteristic grouping includes peaks at 8.0 °28 + 0.2 °20; 31.6 °26 £ 0.2 °20; 32.0
220 % 0.2 °20; 35.5°20 £ 0.2 °20; 36.1 °20 + 0.2 °20; 36,3 ©20 0.2 °20; 37.8 °26 £ 0.2 °20;
and 38.9 °20 +0.2 °26.

Table 3: Measurement Conditions for XRPD Pattern of Racemic Haprazole Form A.

Measurement Condition; Data Process Condition:

X-ray tube Smoothing [AUTO]

target = Cu smoothing points =13

voltage = 40.0 (kV)

current =40.0 (mA) B.G. Subtraction {AUTO]
sampling points =13

Slits repeat times =30

divergence slit = 1.00000 (deg)

scatter shit = 1.00000 (deg) Kal-a2 Separate [MANUAL]

receiving slit = 0,15000 (mm) Kal a2 ratio = 50.0 (%)

Scanning Peak Search [AUTO]

drive axis = 2Theta/Theta differential points =13

sCan range = 2.500 - 40.000 FWHM threshold = 0.050 (deg)

scan mode = Continuous Scan intensity threshold = 30 (par mil)

scan speed = 3.0000 (deg/min) FWHM ratio (n-1)/n =2

sampling pitch = 0.0200 (deg)

preset time = (.40 (sec) System Error Correction: [NO]
Precise Peak Correction; [NO]
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near 5.32 ppmare due to solvent - not to ilaprazole.
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8§ 16.0 5.5 74 9

9 16.6 5.3 53 6

10 17.8 5.0 159 19

11 18.9 4.7 27 3

12 15.7 4.5 218 26

13 20.0 4.4 592 71

14 20.9 4.3 631 76

15 21.2 4.2 35 4

16 22.5 3.9 36 4

17 23.0 3.9 43 5

18 23.5 3.8 659 79

19 24.1 3.7 272 33

20 25.1 3.5 54 6

21 25.6 3.5 34 4

22 25.8 3.5 41 5

23 26.0 3.4 37 7

24 26.8 3.3 81 10

25 274 3.3 a5 4

26 27.7 3.2 89 11

27 28.9 3.1 48 6

28 29.2 3.1 62 7

29 20.6 3.0 03 11

30 30.3 2.9 42 5

31 31.6 2.8 81 10

32 32.0 2.8 115 14

33 35.5 2.5 52 6

34 35.8 2.5 35 4

35 36.1 2.5 49 6

36 36.3 2.5 46 6

37 37.8 24 44 5

38 38.9 2.3 30 4
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[00118] Fig, 7 is the DSC thermogram of racemic ilaprazole, Form A. The endotherm
onset was at 167 °C (max 170 °C).
[00119] Fig. 8 is the proton NMR Spectrum of racemic ilaprazole, Form A, Pcaks near

5.32 are due to solvent — not to ilaprazole. Peaks near 1.0 and 2.5 are due to triethylamine
(TEA), which is used to stabilize ilaprazole in solution, and not to ilaprazole.

[00120] Fig. 9 is the solid state B3¢ CP/MAS NMR spectrum of racemic ilaprazole, Form
A. The spectrum is externally referenced against glycine at 176.5 ppm. The peaks in the solid
state '*C NMR spectrum are reported in Table 5. A minor amount of Form F was observed in
the solid state >C NMR spectrum. The peaks associated with Form F are not reported in Table 5,
although the peak at 148.4 ppm is coincident between the forms.

Table 5: Solid State '*C NMR Peaks for Racemic Ilaprazole, Form A.

PPM HEIGHT
163.9 89.8
154.6 71.1
148.4 104.2
141.8 94.2
139.1 928
137.2 105.2
123.9 66.1
122.] 88.6
120.1 141.8
111.6 83.2
108.2 80.9
61.0 63.8
506.1 135.6
12.6 104.2
[00121] Fig. 10 is the IR spectrum of racemic ilaprazole, Form A. Table 6 reports the

absorbarnice peaks in the IR spectrum.
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Position: 1733.8 Intensity: 0.0063
Position: 2360.9 Intensity: 0.0063
Position: 2586.3 Intensity: 0.0081
Position: 2791.8 Intensity: 0.0091
Position: 28384 Intensity: 0.0081
Position: 2879.0 Intensity: 0.0088
Position: 2935.3 Intensity: 0.0091
Position: 2966.2 Intensity: 0.0097
Position: 3074.6 Intensity: 0.0083
Position: 30983 Intensity: 0.0079

10846660.5
24



Intensity: 2.257 Position: 122.9 Intensity: 2.700
Position: 171.0 Intensity: 1.653 Position: 238.3
Intensity: 1.247 Position: 311.8 Intensity:
WOSPE8H3 441. 9 Intensity: 1.048 Position: 51"1‘?%%2“7’”89”7
Intensity: 1.464 10846660.5 WD 2008/083333
PCT/ US2007/ 089127 Position: 5316 Intensity: 1.198
Position: 610.5 Intensity: 6.403 Position: 694.6
Intensity: &ogigon:Posi t3i¥&h2 715.18tepsityensi t :0087 084
Position: 778.0 Intensity: 1.180 Position: 816.8
o1}t ENS Y 11 2s B RAMAN dpR0funf 8 ralenhiB 165221, Forkn At Frable 7 reports
the absorbance peaks in the Raman spectrum.

Table 7; Peaks in the Raman Spectrum of Racemic llaprazole, Form A.

Position: 419.0 Intensity: 0.382
Position: 448.1 Intensity: 0.489
Position: 468.3 Intensity: 0.274
Position: 495.9 Intensity: 0.861
Position: 513.6 Intensity: 1.139
Position: 5373 Intensity: 1.416
Position: 570.9 Intensity: 0.499
Position: 609.0 Intensity: 8.471
Position: 626.0 Intensity: 1.247
Position: 647.6 Intensity: 0.750
Position: 665.0 Intensity: 1.347
Position: 693.7 Intensity: 6.328
Position: 713.2 Intensity: 3.418
Position: 733.4 Intensity: 0.611
Position; 749.8 Intensity: 0.518
Position: 762.0 Intensity: 0.587
Position: 776.3 Intensity: 1.559
Position: 815.9 Intensity: 3.102
Position: 836.1 Intensity: 1.731
Position: 876.5 Intensity: 1.778
Position: 900.1 Intensity: 1.031
Position: 938.8 Intensity: 0.483
Position: 962.8 Intensity: 1.847
Position: 1019.7 Intensity: 2.473
Position: 1056.0 Intensity: 0.873
Position: 1076.7 Intensity: 1.525
Position: 1104.2 Intensity: 2.107
Position: 1119.9 Intensity: 3.057
Position: 1149.1 Intensity: 0.500
Position: 1179.9 Intensity: 11.380
Position: 1222.7 Intensity: 3.826
Position: 1251.2 Intensity: 4011
Position: 1266.1 Intensity: 12.991
Position: 1296.3 Intensity: 3.051
Position: 1306.7 Intensity: 5.460
Position: 1337.8 Intensity: 24.178
Positiom: 1358.5 Intensity: 2.454
Position: 1386.7 Intensity: 3.014

10846660.5
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Intensity: 0.895 Position: 970.7 Intensity: 1.336
Position: 1020.8 Intensity: 1.520 Position: 1081.5

Intensity: 1.116 Position: 1101.4 Intensity:

WO 11222 | ntensi ty: 1.769 Positi on’ 1@&%{‘07"’8””"
Intensity: 5.141 Position: 1222.7 Intensity: 2.099
Position: 1269.0 Intensity: 6.256 Position: 1298.6
Intensity: 2.538 Position: 1312.2 Intensity: 2.544

Posi tion: 1338itidnl nt edd$R®.9: 15.1nBxsiPosi tild#i11360. 2
Intensity: PoSifiénPosi t146h9 1383nBndityt ensi th7031. 700

Posi tion: 14%&iti8nl nt engBi$: 5. JaEnysi ti 0@:072460. 3

Intensity: 2d58iGnPosi tls0nS Intensity: 8.978
Position: 1583.4 Intensity: 4.749
Position: 1623.7 Intensity: 9.033
Position: 2839.0 Intensity: 1.219
Position: 2859.6 Intensity: 1.659
Position: 2883.9 [ntensity: (.722
Position: 29354 [ntensity: 4,143
Position: 2966.2 Intensity: 1.164
Position: 2992.6 Intensity: 1.344
Position: 3021.9 Intensity: 2.174
Position: 3063.9 Intensity: 2.400
Position: 30733 Intensity: 3.810
Position: 3098.6 Intensity: 2.686
Position: 3110.2 Intensity: 1.922
Position: 3130.6 Intensity: 3.377
[06123] Fig. 12 is the DVS isotherm of racemic ilaprazole, Form A. The DVS isotherm
shows a 0.06% weight loss at 5% RH, a 0.10% weight gain from 5 to 95% RH and a 0.13%
weight loss from 95 to 5% RH.
[00124) A single crystal X-ray diffraction study of the structure of racemic ilaprazole,

Form A was done. The data was collected using colorless plate of racemic ilaprazole, Form A
having approximate dimensions of 0.44 x .35 x 0.13 mm, which was mounted on a glass fiber
in random orjentation. Preliminary examination and data collection were performed with Mo K¢
radiation (A = 0.71073 A) on a Nonius KappaCCD diffractometer. Refinements were performed
on an LINUX PC using SHELX97. Sheldrick, G. M. SHELXY7, A Program for Crystal
Structure Refinement, University of Gottingen, Germany, 1997. The crystallographic drawings
were obtained using the programs ORTEP (Johnson, C. K. ORTEPIIL, Report ORNL-6895, Oak
Ridge National Laboratory, TN, U.S.A. 1996; OPTEP-3 for Windows V1.05 ,. Farrugia, LJ., J.
Appl. Cryst. 1997, 30, 565); CAMERON (W atkin, D. I.; Prout, C .K.; Pearce, L. J. CAMERON,
Chemical Crystallography Laboratory, University of Oxford, Oxford, 1996), and Mercury
(Bruno, 1. J. Cole, J. C. Edgington, P. R. Kessler, M. K. Macrae, C. F. McCabe, P. Pearson, J.
and Taylor, R. Acta Crystallogr., 2002 B58, 389).

[00125] Cell constants and an orientation matrix for data collection were obtained from

least-squares refinement using the setting angles of 8027 reflections in the range 20 G<27°,

108466605
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1511.7 Intensity: 5.232 Position: 1582.7 Intensity:
2.970 Position: 1624.4 Intensity: 4.880 Position:
ensity: 1.136 Position: 2934.0 Int RS
%ﬁ%%ﬁ)ﬁ%@.{s“ on: 3014.8 Intensity: 2.247 Positi 066%0071089127
3073.7 Intensity: 4.180 Position: 3103.0 Intensity:
2.744 Position: 3131.0 Intensity: 1.871 Position:
3150.4 Intensity: 1.583 g](%30147 F| g. 26 is the DVS
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the single crystal data. The experinental XRPD pattern
of ilaprazole, FormF is shown in Fig. 32 and a
ri of the cal cul ated and experi nent al

‘&8 @g'lg?j?gn patterns is shown in Fig. 33. Al N pea @{7€0?19127

the experinmental patterns are represented in the

cal cul ated XRPD pattern, indicating the bulk materi al

is likely a single phase. The slight shifts in peak
20raigadet i on are |ikely due to the fact*3¥#4f4the
mosaigip¥g | ment al powder pattern was col o at anbi ent
progims sl at ure, and the single cryst al 3@t a was col | ected

i“gfgh%g 150 K. Low tenperatures are used in single crystal

1/{%~ §59745Q0 hIF0H QGe bhe 2 aug)d ty of the structure.
data DQAP2] Exanpl e 4: Preparation and Ckwaracterizati on of
wniquRaget ni c |l aprazole, Form | [00163] %7§ol uti on
Rw containing 3 nL of methanol (MeOI-1§%8nd 10 111,
data wedjipiePppeti ne (TEA) was sat urated (t'i r mc
C“tOfT}}S%iE’f% PrAlcwisieih A by soni cating wi %&@ggs sol i ds
dﬂ;?’g‘lf.zafﬁﬁ}o imately 3 mnutes. The reggHghi ng slurry was
;ng’rd'ej;ﬁ%iquﬁe{hr ough a 0.2 micron nyl Onzgji [ter into a
targe I LIAOSd Misad cycilthe vial was capped andopi aced into the
rgfreezer. The resulting white solid Wd col |l ected by
Racuum filtration approxi mately 2 d& | ater as the
goodprestofiinol sol vate, Form O, which is ki eved £0Q 4 2
absolyts FUSHE B SSBPat o, A smal | spatul a f OET<PEFTED T ae. g.
30 —Was—pl-3 i o ghass vadt— Te—open

" o,\g ,-: éfper at ur e under vacuum
dorid resul'ted approximately 1 day |ater as

Form 1. [00164] The XRPD pattern of racemc il aprazol e,
[001B2Y m | WaORIHPdrmethgws rasgmisrilaprsgsle kRa- A dodhown in Fig. 13. Atoms are

di ffrac ter.. j :
repriSsnigh BY o Pareo F R hle R B giad IR o@R] HIcHRance of the
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. , . : 0 and, . [
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respga%@? ek hkdefal %’fp@éﬂ'@ ke 4 MehbE s a PRAKISsAT rivefhi?fnfbounds where
.2 720, 12.2 2 0.2 020, and 35,620. Q.2 20. Table
the stgichivmaisypithe ivo eantieaeTd ol o LXlsp i ¢lass o sempliedhi e
o Jabl, ' T id deBsho®h in Fig. 14 contains a
sompREAERIES R PhptopFAR Bualdl, TRERGmRRI M@hoh in P, 1 con
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ngrANEAI100 3 6 13.0 6.8 101 3 7 15.1 5.8 174 5 8 ‘
[00183] 8 5. Backiik dagardEvidwed along the a, b, and ¢ crystallographic axes are shown in

Figs. 14-16 respectively. The packing arrangement in the Form A crystal structure can be

described as sheets of ilaprazole molecules running perpendicular to the crystallographic b axis
(Fig. 15). The calculated density of the Form A crystal structure (1.396 g om™) is slightly higher
that the Form T crystal structure (1.391 g cm™), suggesting Form A would be the more stable
form at 150 K.
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5.5 198 6 10 17.1 5.2 283 9 11 17.5 5.1 391 12 12 17.8

5.0 125 4 3 18.1 4.9 167 10846660.5 WO

2008/ 083333PCT/ US2007/ 089127 14 20.6 4.3 402

SO MIINDHog 14 16 21 7 4.1 183 617 246 3 YT

25.1 3.5 618 19 19 25.3 3.5 207 6 20 25.7 3.5 219 7 21
[00134] Hydrogen bonds are observed between the secondary amine (N3) of the

benzimidazole ring of one ilaprazole molecule to the pyridine nitrogen (N26) of an adjacent
ilaprazole molecule. This hydrogen-bonding network forms sheets of ilaprazole molecules that
are rotated approximately 90° from each other, resulting in a cne-dimensional hydrogen bonding
network, Closer examination of the structure reveals two close contacts between the two oxygen
sites of the sulfinyl group. There is a close contact of approximately 3.4 A between the oxygen
atom of the major enantiomer (O2a) and the nitrogen atom secondary amine (N3) of the
benzimidazole group. This is not a hydrogen bonding interaction because the hydrogen atom in
not in a position to interact with the sulfinyl oxygen. The second close contact of approximately
3.3 A between the oxygen atom of the minor enantiomer (02b) and the ether linkage might
actually be a slightly repulsive interaction due to the lone pairs. No other potential interactions
were observed in the crystal structure.

[60135] Fig. 17 shows a calculated XRPD pattern of ilaprazole, generated from the single
crystal data, The experimental XRPD pattern of ilaprazole Form A is shown in Fig. 5. Fig. 18
shows a comparison of the calculated XRPD pattern to the experimental pattern of racemic
ilaprazole Form A. All peaks in the experimental patterns are represented in the calculated
XRPD pattern, indicating the bulk material is likely a single phase. The slight shifts in peak
location are likely due to the fact that the experimental powder pattern was collected at ambient
temperature, and the single crystal data was collected at 150 K. Low temperatures are used in
single crystal analysis to improve the quality of the structure.

[00136] If the material was a single enantiomer, the absolute configuration of the molecule
would be determined by analysis of anomalous X-ray scattering by the crystal. The differences
in intensities of the anomalous scattering are then compared with calculated scattering intensities
for each enantiomer. These measured and calculated intensities can then be fit to a parameter,
the Flack factor. Because each crystal contains a mixture of enantiomers and therefore 1s not
enantiopure, the absolute configuration of the model in Fig. 13 cannot be uniquely determined

with the current data set.

[00137] Example 3: Preparation and Characterization of Racemic Haprazole, Form F
[00138] Approximately 153.4 mg racemic ilaprazole Form A was added to a solution
containing 3 mL dichloromethane (DCM} and 10 pL triethylamine (TEA). The solid was

£0846660.5
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35.6 2.5 98 3 1001651Fig. 35 is the TGA thernogat m of

racem c ilaprazole, FormI|. The sanple showed a 0.9%

i aht s up to 30 C and 0.4% wei ght | oss
%ﬁ%k%ﬁ [00166] Fig. 36 is the DSC thermg?‘?ﬂ@ﬂ"%%”"
racem c il aprazole, FormI|. The endot herm onset

occurred at 113 C (max 134 C). [00167]Fig. 37 is t he
proton NVR Spectrum of racemc ilaprazole, Form
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[00148?' ti Ofhe %E_QD pattern of racemic ilaprazole, Form F was obtained using an Inel
XRG-3000 diffractometer, as described above. The measurement conditions are reported in
Table 9. Fig. 19 shows the XRPD pattern for racemic ilaprazole, Form F. Table 10 reports the
peaks identified in the XRPD pattern. In its XRPD racemic ilaprazole, Form F may be
characterized by peaks at 9.4 °2@ + 0.2 °20; 17.5 °26 £0.2 °26; 18.8 °20 0.2 °26 and 32.8
°26 + 0.2 °20. Another characteristic grouping includes peaks at 7.9 °20 0.2 °26; 28.8 °20 =
0.2 °29; 30.5°20 = 0.2 °28; 31.9 °20 £ 0.2 °20 and 35.8 °26 +0.2 °26.

Table 9: Measurement Conditions for XRPD Pattern of Racemic Haprazole, Form F

Measurement Condition: Data Process Condition:

X-ray tube Smoothing [AUTO]

target =Cu smoothing points =11

voltage = 40.0 (kV)

current =30.0 (mA) B.G. Subtraction [AUTO}
sampling points =13

Slits repeat limes =30

divergence slit = 1.00000 (deg)

scatter shit = 100000 (deg) Kal-a2 Separate [MANUAL]

receiving slit ={.15000 (mm) Kal a2 ratio = 50.0 (%)

Scanning Peak Search [AUTO]

drive axis = 2Theta/Theta differential points =11

scan range = 2.507 - 39.987 FWHM threshold = 0.050 (deg)

scan mode = Continuous Scan intensity threshold = 30 (par mil)

scan speed = {).0040 (deg/min} FWHM ratio (n-1)/n =2
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Table 10: Peak Positions of Racemic Ilaprazole, Form F XRPD Pattern

Position
Peak (°260+0.2 d-spacing | Intensity | I,
No.
0‘2@
1 7.9 11.2 614 22
2 8.5 10.4 1619 59
3 9.4 9.4 784 29
4 14.6 6.1 184 7
5 14.9 5.9 142 5
6 15.1 5.8 90 3
7 15.4 5.7 135 5
8 15.8 5.6 2600 95
9 17.5 5.1 505 18
10 18.8 4.7 752 27
11 19.2 4.6 114 4
12 19.5 4.5 89 3
13 20.0 4.4 757 28
14 20.3 4.4 616 22
15 20.6 4.3 166 6
16 21.0 4.2 2742 100
17 22.5 39 1327 48
18 23.5 3.8 763 28
19 23.7 3.7 242 9
20 24.6 3.6 339 12
21 25.0 3.6 124 5
22 25.9 34 102 4
23 26.8 33 170 6
24 27.1 3.3 465 17
25 27.8 3.2 196 7
26 28.5 3.1 118 4
27 28.8 3.1 114 4
28 29.5 3.0 184 7
29 29.8 3.0 212 8
30 30.1 3.0 157 6
31 30.5 2.9 135 S
32 31.9 2.8 229 8
33 32.8 27 278 10
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Intensity: 0.0112 Position: 1375.5 Intensity: 0.0032
Position: 1390.2 Intensity: 0.0072 Position: 1421.3

t i ty. 0.0266 Position: 1462.3 Intensity:
\gg&&ﬁ&?‘fg{%"\é?’ 1482.5 Intensity: 0.0436 Position: Pl‘gréqs:lzé"a”"s”l”
Intensity: 0.0148 Position: 1585.4 Intensity: 0.0487

Position: 1627.3 Intensity: 0.0103 Position: 1774.6
I ntensity:—0..00059 Position:. 1869 Lntensity:..0, 00049

Posi tion:| 2849 6 I m¥%hsitl: 026052 Pasi%i on: ~3658. 0
Intensity; 650045 Pos8tion: 2#51. 5] nt &hsitly: 30. D046
Position: 2841.8 Intensity: 0.0040 Position: 2876.7
Intensity: 0.0039 Position:

[00141] Fig. 20 is the TGA thermogram of racemic ilaprazole, Form F. The sample
showed a 2,4% weight loss up to 150 °C.

[00142] Fig. 21 is the DSC thermogram of racemic ilaprazole, Form F. The endotherm
onset was at 170 °C (max 173 °C),

[00143] Fig. 22 is the proton NMR Spectrum of racemic ilaprazole, Formn F. Any peaks

near 5.32 ppm are due to solvent — not to ilaprazole. Peaks near 1.0 and 2.5 ppm are due to
TEA, which is used to stabilize ilaprazole in solution, and not to ilaprazole.

[00144] Fig. 23 is the solid state *C CP/MAS NMR spectrum of racemic ilaprazole, Form
F. The spectrum is externally referenced against glycine at 176.5 ppm. The peaks in the solid
state *C NMR spectrum are reported in Table 11.

Table 11: Solid State '’C NMR Peaks for Racemic {laprazole, Form F.

PPM HEIGHT
164.2 72.4
156.2 64.0
148.4 104.2
143.2 75.7
137.4 141.8
121.2 137.2
110.4 79.1
107.7 55.2
60.3 54.1
56.3 103.3
10.5 95.9
[00145] Fig. 24 is the IR spectrum of racemic ilaprazole, Form F. Table 12 reports the

absorbance peaks in the IR spectrum.

Table 12: Peaks in IR Spectrum of Racemic Haprazole, Form F.

Position: 721.3 Intensity: 0.0746
Position: 817.9 Intensity: 0.0384
Position: 833.0 Intensity: 0.0296
Position: 876.1 Intensity: 0.0125
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2937.2 Intensity: 0.0079 Position: 2980.8 Intensity:

0. 0079 Position: 3006.7 Intensity: 0.0040 Position:
ensity: 0.0030 Position: 3481.1 | ntfé’l?ﬁ. ;

%83@%@843%001691Fi g. 39 is the RAMAN spectrum o Sroso27

racem c ilaprazole, FormI|. Table 18 reports the

absor bance peaks in the Raman spectrum Table 18:

Peaks in the Raman Spectrum of Racemi c || aprazol e,

Form | . PosiPopigan: 402. §95.6. 251 Intepiipensi t §:007Posi t i on:

423. 4 | nt endosifioni4. 046 98 t i orfntensity: 3 | nPdR3Ft v

6. 695 Posi t iPositioa67. 2 10h$.8nsi t yintensipgo Podi¥PBn: 508. 9

Intensity: @®ogiEi6nPosi tl06h9 537.1otensitvensi t 0398 294

Posi tion: S5®siiohnt endiob4.8 2. 058teRsiki t i on:0.(B862. 1

Intensity: Pbsifidd: PosillOBOA: 608ntkntint ensi 004029, 813

Position: 1096.5 Intensity: 0.0355
Position: 1148.8 Intensity: 0.0160
Position: 1187.3 Intensity: 0.0042
Position: 1221.1 Intensity: 0.0034
Position: 1255.0 Intensity: 0.0246
Position: 1295.2 Intensity: 0.0398
Position: 1337.4 Intensity: 0.0022
Position: 1358.8 Intensity: 0.0081
Position: 1379.3 Intensity: 0.0050
Position: 1434.2 Intensity: 0.0183
Position: 14548 Intensity: 0.0053
Position: 1478.4 Intensity: 0.0278
Position: 1509.7 Intensity: 0.0124
Position: 1580.8 Intensity: 0.0293
Position: 1623.1 Intensity: 0.0073
Position: 17237 Intensity: 0.00054
Position: 1903.9 Intensity: 0.00058
Position: 2587.5 Intensity: 0.0022
Position: 2794.3 Intensity: 0.0028
Position: 2841.0 Intensity: 0.0022
Position; 2881.5 Intensity: 0.0026
Position: 2971.7 Intensity: 0.0038
Position: 3011.4 Intensity: 0.0030
Position: 3072.9 Intensity: 0.0032
Position: 3100.8 Intensity: 0.0027
Position: 3735.3 Intensity: 0.0010
" [00146] Fig. 25 is the RAMAN spectrum of racemic ilaprazole, Form F. Table 13 reports

the absorbance pcaks in the Raman spectrum.

Table 13: Peaks in the Raman Spectrum of Racemic Ilaprazole, Form F

Position: 100.2 Intensity: 2.257
Position: 122.9 Intensity: 2.700
Position: 171.0 Intensity: 1.653
Position: 238.3 Intensity: 1.247
Position: 311.8 Intensity: 1.028
Position: 441.9 Intensity: 1.048
Position: 5114 Intensity: 1.464
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Position: 625.0 Intensity: 3.686 Position: 641.3

I nt /ensi ty: 0.343 10846660.5 WO 2008/083333

P /089127 Position: 671.9 Intensity:
\Bg—épég%f%%%?_ 4 Intensity: 10.109 Positi on?/ TpA007/089127
Intensity: 18.324 Position: 715.2 Intensity: 40.085
Position: 746.3 Intensity: 0.223 Position: 757.2
Intensity: 0.657 Position: 779.3 Intensity: 13.833
Position: 8Pgsidon:int ensi3By 7. 628temawi ti onl-1884. 3
Intensity: Podfifldn:Posi tG16d 839.I5tersivensi t $:403. 268
Position: 8%8sidok:nt ensi%hy 0. 596teRilyi ti ond.08¢2. 3

Intensity: 2o8i86n: 7155 Intensity: 2.084
Position: 778.0 Intensity: 1.180
Position: 816.8 Intensity: 2,217
Position: 877.2 Intensity: 1.112
Position: 898.2 Intensity: 0.895
Position: 970.7 Intensity: 1.336
Position: 1020.8 Intensity: 1.520
Position: 1081.5 Intensity: 1.116
Position: 1101.4 Intensity: 1.434
Position: 1122.2 Intensity: 1.769
Position: 1182.2 Intensity: 5.141
Position: 1222.7 Intensity: 2.099
Position: 1269.0 Intensity: 6.256
Position: 1298.6 Intensity: 2.538
Position: 1312.2 Intensity: 2.544
Position: 1338.4 Intensity: 15.434
Position: 1360.2 Intensity: 1.59¢6
Position: 1383.9 Intensity: 1.700
Position: 1432.8 Intensity: 5.905
Position: 1460.3 Intensity: 2.586
Position: 1511.7 Intensity: 5.232
Position: 1582.7 Intensity: 2.970
Position: 16244 Intensity: 4.880
Position: 2842 .4 Intensity: 1.136
Position: 2934.0 Intensity: 3.251
Position: 3014.8 Intensity: 2.247
Position: 3073.7 Intensity: 4.180
Position: 3103.0 Intensity: 2.744
Position: 3131.0 Intensity: 1.871
Positiomn: 3150.4 Intensity: 1.583

[00147] Fig. 26 is the DVS isotherm of racemic ilaprazole, Form F. The DVS isotherm

shows a 0.04% weight loss at 5% RH, a 1.05% weight gain from 5 to 95% RH, and a 1.33%
weight loss from 95 to 5% RH.

[00148] A single crystal X-ray diffraction study of racemic ilaprazole, Form F was done
using crystals obtained from a acetone/methylene chloride solution. A solution of ilaprazole
{~35.8 mg) and piperazine (~10.4 mg) was prepared in a solvent mixture of acetone (2.0 mL) and
methylene chloride (0.5 mL) at room temperature. Hexanes (5.0 mL) were added to provide a

turbid solution. The vial was sealed and the solution was left, undisturbed, at ambient
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Position: 883.2 Intensity: 3.271 Position: 892.6
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ten 12. 167 Position: 1022.4 Intensity:
Position: 1058.4 Intensity: 8.147 Position: 1078.3
Intensity: 11.286 Position: 1105.5 Intensity: 12.333
Position: 1122.2 Intensity: 13.568 Position: 1153.0
condjtisnenBaceyric dapgeplepBamm F opstals 1ose ehspiyedpitsr six.daygworg gubsampled
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109 bdrbr?Nam nstty oS 110
fmml n?slsensnl t y:&]%. 145 Position: 1271.0 Intensity: 66.038

[001#R)si t i OPhe db2OBasollentainmsingys colorless needle of racemic ilaprazole, Form F
having approximate dimensions of 0.44 x 0.13 x 0.10 mm, which was mounted on a glass fiber
in random orientation. Preliminary examination and data collection were performed with Mo &,
radiation (A = 0.71073 A) on a Nonius KappaCCD diffractometer. Refinements were performed
on an LINUX PC using SHELX97. Sheldrick, G. M. SHELX97, A Program for Crystal
Structure Refinement, University of Gottingen, Germany, 1997.

{00150] Cell constants and an orientation matrix for data collection were obtained from
least-squares refinement using the setting angles of 22729 reflections in the range 2° < 8< 27°,
The refined mosaicity from DENZO/SCALEPACK (Otwinowski, Z.; Minor, W. Methods
Enzymol. 1997, 276, 307) is 0.83° indicating moderate to poor crystal quality. The space group
was determined by the program XPREP, Bruker, XPREP in SHELXTL v. 6.12., Bruker AXS
Inc., Madison, W1, USE, 2002. From the systematic presence of the following conditions: hol
h+i=2n, Ok0 k=2n and from subsequent least-squares refinement, the space group was
determined to be P2;/n (no. 14). The data were collected to a maximum 28 value of 534.94°, ata
temperature of 150 1 XK.

[00151] The data reduction was accomplished as follows, The frames were integrated
with DENZO-SMN. Otwinowski, et al. supra. A total of 22729 reflections were collected, of
which 2277 were unique. Lorentz and polarization corrections were applied to the data. The
linear absorption coefficient is 2.0 cm”! for Mo K, radiation. An empirical absorption correction
using SCALEPACK (Otwinowski, et al. supra). was applied. Transmission coefficients ranged
from 0.912 to 0.981. Intensities of equivalent reflections were averaged. A secondary extinction
correction was applied. The final coefficient, refined in least-squares, was 0.0010000 (in
absolute vnits). The agreement factor for the averaging was 5.4% based on intensity.

[00152] The structure was solved by direct methods using PATTY in DIRDIF99. P.T.
Beurskens, G. Beurskens, R. deGelderS. Garcia-Granda, R. O. Gould, R. Israel and J. M. M.
Smits, The DIRDIF-99 Program System. Crystallography Laboratory, Univ. of Nijmegen, The
Netherlands, 1999. The remaining atoms were located in succeeding difference Fourier

syntheses. Hydrogen atoms were included in the refinement but restrained to ride on the atom to
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The weight wis defined as 1/[*(F.7) + (0.1403P)? +(0.5425P)], where P = (FR42FD)/3.

Tunc

[00153] Scattering factors were taken from the “International Tables for Crystallography.”
International Tables for Crystallography, Vol. C, Kluwer Academic Publishers: Dordrecht, The
Netherlands, 1992, Tables 4.2.6.8 and 6.1.1.4. Of the 2277 reflections used in the refinements,
only the reflections with F2 > 20(F,%) were used in calculating R. A total of 1706 reflections
were used in the calculation. The final cycle of refinement included 252 variable parameters and
converged (largest parameter shift was essentially equal to its estimated standard deviation) with

unweighted and weighted agreement factors of:

R=3|F, -~ F|/TF, =0.006

R, = \/[zw(ﬂf —FCZ)Q/ZW(Foz)ZJ ~0.174

The standard deviation of an observation of unit weight was 1.07. The highest peak in the final
difference Fourier had a height of 0.63 e/A’. The minimum negative peak had a height of -0.46
/A%,

[00154] A calculated XRPD pattern was generated for Cu K, radiation using Mercury v
1.3 (Bruno, I, J. Cole, J. C. Edgington, P. R. Kessler, M. K. Macrae, C. F. McCabe, P. Pearson, J.
and Taylor, R. Acta Crystallogr., 2002 B58, 389) and the atomic coordinates, space group, and

unit cell parameters from the single crystal data,

[00155] The ORTEP diagram was prepared using ORTEP 1II. Johnson, C. K. ORTEPII,
Report ORNL-6895, Oak Ridge National Laboratory, TN, U.S.A. 1996. OPTEP-3 for Windows
V1.05, Farrugia, L.J., J. Appl. Cryst, 1997, 30, 565. Atoms are represented by 50% probability
anisotropic thermal ellipsoids. Packing diagrams were prepared using CAMERON (Watkin, D.
1.; Prout, C .K.; Pearce, L. J. CAMERON, Chermical Crystallograplyy Laboratory, University of
Oxford, Oxford, 1996) modeling software. Hydrogen bonding is represented as dashed lines.

Additional figures were generated using Mercury 1.3 modeling software.
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[00157] An ORTEP drawing of racemic ilaprazole, Form F is shown in Fig. 27. Atoms
are represented by 50% probability anisotropic thermal ellipsoids. The oxygen atom of the
sulfiny! group is disordered due to the presence of both enantiomers in the unit cell. The
occupancy of the enantiomers was refined to a ratio of approximately 86:14. The ORTEP
diagram (Fig. 27) highlights the major enantiomer with a solid bond between S2 and 010a and
the minor cnantiomer with a hollow bond between S2 and O10b, respectively, The material
appears to be an example of a rare class of compounds called "anomalous" racemates, where the
stoichiometry of the two enantiomers is not a 1:1 ratio.

[00158] Packing diagrams viewed along the a, b, and ¢ crystallographic axes are shown in
Figs. 28-30 respectively. The packing arrangement of {laprazole molecules in the Form F crystal
structure can be described as sheets of ilaprazole molecules running perpendicular to the
crystallographic b axis (Fig.29). Overlaying the ilaprazole molecule from this crystal structure
(Fig. 27) and the ilaprazole molecule from the Form A crystal structure (Fig. 13) showed
significant conformational similarity of the ilaprazole molecule in the two crystal structures. The
Form F crystal structure consists of layers of ilaprazole molecules packing in a alternating
ABAB arrangement,

[00159] Hydrogen bonds were observed between the secondary amine (N3) of the
benzimidazole ring of one ilaprazole molecule to the pyridine nitrogen (N16) of an adjacent
molecule, resulting in a similar hydrogen bonding pattern observed for racemic ilaprazele, Form
A. Closer examination of the structure reveals two close contacts between the two oxygen sites
of the sulfinyl group. There is a close contact of approximately 3.2 A between the oxygen atom
of the major enantiomer (O10a) and the nitrogen atom secondary amine (N3) of the
benzimidazole group. This is not a potential hydrogen bonding interaction because the hydrogen
atom is not in a position to interact with the sulfinyl oxygen. The second close contact of
approximately 3.0 A between the oxygen atom of the minor enantiomer (O10b) and the oxygen
atom of the ether linkage (0131). This close contact is probably a slightly repulsive interaction
since the shorter distance (3.0 A for Form F and 3.4 A for Form A) appears to be related to the

occupancy of the minor enantiomer (~14 % for Form F and ~25% for Form A).
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[00160] While the molecular conformations are very similar, the packing between the two
forms is different. The packing along the crystallographic b axis for racemic ilaprazole, Form A
and Form F is shown in Fig. 31. In the Form A crystal structure, the layers run parallel to the
crystallographic ¢ axis, while in Form F, the layers run perpendicular to the ¢ axis. The layers
propagate in an alternating fashion for the Form F crystal structure, accounting for the doubling
of the ¢ axis parameter. The calculated density of the Form A crystal structure (1.396 g em™) is
slightly higher that the Form F crystal structure (1.391 g cm™), suggesting Form A would be
more stable at 0 K.

[00161} Fig. 31 shows a calculated XRPD pattern of ila'prazole, From F, generated from ’
the single crystal data. The experimental XRPD pattern of ilaprazole, Form F is shown in Fig.
32 and a comparison of the calculated and experimental powder diffraction patterns is shown in
Fig. 33. All peaks in the experimental patterns are represented in the calculated XRPD pattern,
indicating the bulk material is likely a single phase. The slight shifts in peak location are likely
due to the fact that the experimental powder pattern was collected at ambient temperature, and
the single crystal data was collected at 150 K. Low temperatures are used in single erystal

analysis to improve the quality of the structure.

{00162] Example 4: Preparation and Characterization of Racemic Ilaprazole, Form I
[00163] A solution containing 3 mL of methanol (MeOH) and 10 pL triethylamine (TEA)
was saturated with racemic ilaprazole, Form A by sonicating with excess solids for
approximately 3 minutes. The resulting slurry was filtered through a 0.2 micron nylon filter into
a glass vial, The vial was capped and placed into the freezer. The resulting white solid was
collected by vacuum filtration approximately 2 days later as the methanol solvate, Form G,
which is believed to be a variable solvate. A small spatula full of Form G (e.g. >30 mg) was
placed in a 1 dram glass vial. The open vial was exposed to ambient temperature under vacuum.
A white solid resulted approximately 1 day later as Form L

[00164] The XRPD pattern of racemic ilaprazole, Form I was obtained using an Inel
XRG-3000 diffractometer, as described above. The measurement conditions are reported in
Table 15. Fig. 34 shows the XRPD pattern for racemic ilaprazole, Form 1. Table 16 reports the
peaks identified in the XRPD patiern. In its XRPD racemic ilaprazole, Form I may be
characterized by peaks at 11.9 ©20 + 0.2 °20; 17.1 °28 +0.2 °20; 21.5°20 £0.2°20 and 25.]
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TGA t hernbgam of racenic il aprazole, Form B.
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wei ght | oss between 150 and 175 C. [00175]Fig. 43 is

t he DSC t her nogram of racemc ilaprazole, FormB. The

endot herm onset occurred at 159 C (nmax 163 C). 5
°20 +0TUBE6ANStheybaryBEsTBISEBrETAUSHITHORI PP + 0.2 °26,12.220 &

020% gg% zg.iéé %é di e proton NVR Spectrum of racemc
=230

B. Any peaks near 5.32 ppmare due to
soI vent - not to ilaprazol e. Peaks near 1.0 and 2.5

rn are due to TEA whi | ed to abl
i a&&rla‘izdwéa%pwuseai Geridgzpns gfﬁo‘bif’&f Pitjery P%E»P lis Wiéptazole, Form 1

Meaélﬂé%&dnf Eohd@io@o 1S The solTd thata®rdedss (Q?{dit\éhAS NVR

spectrumof racemic ilaprazoje, FormB. The spectrum

b fugxternal ly referenced aga gl%otg,gém ne atjalfop ppm
tar he peaks_j-j the solid st ate M{ﬁ% Pe& trum_qqe
&5 So g

reported |n T 21. Table State 13C NWR
talg aks for g‘@%l | aprazol e E{M 163 5
81550 227751?%@51112 p561357
104.3 121.5 65.4 118.3 141.8| 1 1103 53.5
Slits107. 8 44.0 1Q4. fepeat
divergence slit %)0800 (deg}

scatter slit = 1.00000 (deg) Kal-a2 Separate [MANUAL]
receiving slit = (,15000 (mm} Kal a2 ratio = 50.0 (%)
Scanning Peak Search [AUTO]
drive axis = 2Theta/Theta differential points =11
scan range = 2,507 - 39.987 FWHM threshold = 0.050 {deg)
scan mode = Continuous Scan intensity threshold = 30 (par mil)
scan speed = (0,0040 (deg/min) FWHM ratio (n-1)/n =2
sampling pitch = (.0200 (deg)

preset time = 300.00 (sec) System Error Correction: [NO]

Precise Peak Correction: [NC]

Table 16: Peak Positions of llaprazole, Form I XRPD Pattern

Peak No. | Position (°26+ 0.2 °20) | d-spacing | Intensity | /L
1 5.9 15.0 3236 | 100
2 6.5 13.7 182 6
3 11.4 7.8 254 8
4 11.9 7.5 1453 45
3 12.2 7.2 100 3
6 13.0 6.8 101 3
7 15.1 5.8 174 5
8 15.8 5.6 142 4
9 16.2 5.5 198 6
10 17.1 5.2 283 9
11 17.5 5.1 391 12
12 17.8 5.0 125 4
13 18.1 4.9 167 5
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94.3 55.7 117.1 11.5 85.4 [00178]Fig. 46 is the IR
spectrum of racenflc ilaprazole, Form B. Table 22
reports the absorbance peaks in the IR spectr

‘2(?:2_0‘#8@3?@% n IR Spectrum of Racemic Il apr azolwfgﬁﬁé-@?gn?
Position: 715.4 Intensity: 0.0125 Position: 732.2
Intensity: 0.0730 Position: 758.2 Intensity: 0.0131

Posi t i gn+—810.3|ntensi-t-y+—0-0464--Postt-i-on-—829
I nt ensity140 0126 Posf¥Pon:. 864, 1 a1 onsi 1492 5T 440
Positi ¢on: }892.i2 Intendlfy: 0 0101 Pdsjt] orfS8a53 14
| nt ensi t y:160. 0053 Pos2i.7on: 971l 1 #atenisi th¥3 0008
Position: 13014 2 I nteléibty: 0.01543Bositi 80 1048. 56
I nt ensifty:1g0. 06534 101346660.5 MO 2608//083d383 | 19
PCT1US2UU4K089I27 Pospsgon: 1058. 13knt ensidoy: 0. 8389

20 25.7 3.5 219 7

21 35.6 2.5 98 3
[00165] Fig, 35 is the TGA thermogram of racemic ilaprazole, Form 1. The sample
showed a 0.9% weight loss up to 30 °C and 0.4% weight loss between 30 and 120 °C.
[00166] Fig. 36 is the DSC thermogram of racemic ilaprazole, Form 1. The endotherm
onset occurred at 113 °C (max 134 °C).
{00167) Fig. 37 is the proton NMR Spectrum of racemic ilaprazole, Form 1. Any peaks

near 5.32 ﬁpm are due to solvent — not to ilaprazole. Peaks near 1.0 and 2.5 ppm are due to
TEA, which is used to stabilize ilaprazole in solution, and not to ilaprazole.

[00168] Fig. 38 is the IR spectrum of racemic ilaprazole, Form 1. Table 17 reports the
absorbance peaks in the IR spectrum.

Table 17: Peaks in IR Spectrum of Racemic Haprazole, Form L

Position; 716.8 Intensity: 0.0196
Position: 729.6 Intensity: 0.0262
Position: 744.1 Intensity: 0.0620
Position: 780.3 Intensity: 0.0037
Position: 810.6 Intensity: 0.0407
Position: 825.0 Intensity: 0.0488
Position: 838.3 Intensity: 0.0278
Position: 857.0 Intensity: 0.0163
Position: 880.8 Intensity: 0.0124
Position: 890.5 Intensity: 0.0160
Position: 906.6 Intensity: 0.0124
Position: 951.5 Intensity: 0.0108
Position: 960.8 Intensity: 0.0138
Position: 1015.6 Intensity: 0.0133
Position: 1021.5 Intensity: 0.0128
Position: 1057.0 Intensity: 0.115

Position: 1077.1 Intensity: 0.0548
Position: 1101.0 Intensity: 0.0396
Position: 1151.4 Intensity: 0.0111
Position: 1193.5 Intensity: 0.0082
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Position: 1069.6 Intensity: 0.0229 Position: 1088.9
Intensity: 0.0406 Position: 1112.4 Intensity: 0.0120

[ 1128.3 Intensity: 0.0029 Position:
¥ 28@#%"%5%93 0.0051 Position: 1192.0 Intensity:%g szt

Position: 1216.2 Intensity: 0.0077 Position: 1256.1
Intensity: 0,0173 Position: 1270 0 Intensity 0. 0283

Position: 1 92 8 I nt en@? gi 0Si ti 93339 6
Intensity: 96 * Posi %6 13% eﬁq‘ yht enS|E Sg 0. 0073
Posi tion: 8’2"‘15?111 nt e PEPSIBOsi ti gh211389. 9

I ntensity: d)OG‘I‘GE POSI1[2I58§ 14118t eﬂsqf"ntensﬂg?'z 0. 0205
Posi tion: 143$itign] nt endoy: Intensity:

Position: 1296.6 Intensity: 0.0558
Position: 1338.8 Intensity: 0.0042
Position: 1356.1 Intensity: 0.0112
Position: 1375.5 Intensity: 0.0032
Position: 1390.2 Intensity: 0.0072
Position: 1421.3 Intensity: 0.0266
Position: 1462.3 Intensity: 0.0146
Position: 1482.5 Intensity: 0.0436
Position: 1521.2 Intensity: 0.0148
Position: 1585.4 Intensity: 0.0487
Position: 1627.3 Intensity: 0.0103
Position: 1774.6 Intensity: 0.00059
Position: 1869.5 Intensity: 0.00049
Position; 2589.6 Intensity: 0.0052
Position: 2658.0 Intensity: 0.0045
Position: 2751.5 Intensity: 0.0046
Position: 2841.8 Intensity: 0.0040
Position: 2876.7 Intensity: 0.0039
Position: 2937.2 Intensity: 0.0079
Position: 2980.8 Intensity: 0.0079
Position: 3006.7 Intensity: 0.0040
Position: 3095.2 Intensity: 0.0030
Position: 3481.1 Intensity: 0.00066
[60169] Fig. 39 is the RAMAN spectrum of racemic ilaprazole, Form L. Table 18 reports

the absorbance peaks in the Raman spectrum.

Table 18: Peaks in the Raman Spectrum of Racemic Haprazole, Form 1.

Position: 402.5 Intensity: 6.251
Position: 423.4 Intensity: 4,046
Position: 4393 Intensity: 6.695
Position: 467.2 Intensity: 1.280
Position: 508.9 Intensity: 6.220
Position: 537.0 Intensity: 7.294
Position: 575.9 Intensity: 2.058
Position: 602.1 Intensity: 14.741
Position: 608.4 Intensity: 19.813
Position: 625.0 Intensity: 3,686
Position: 641.3 Intensity: 0.343
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0.0194 Position: 1454.8 Intensity: 0.0124 Position:

1456. 5 Intensity: 0.0258 Position: 1519.9 Intensi ty
ition: 1580.4 Intensity: 0.0368 Pos

%@ég%sgﬁﬁensity: 0.0088 Position 1651, 4 Int]!é%];fg g 7089127

0. 00090 Position: 1695.3 Intensity: 0.0011 Positi on

1717.0 Intensity: 0.00097 Positi on 2561.9 Intensity:

0. 00043 P03| tion: 2835, ,éi)nt en 0. 001 %SI tion:

2888.8 Inte é’?'t“yn 0. oo@ osi ti Sl%37 581’ nsity:

0. 0035 Posi thosifon2064. 4 I‘f]tensﬂﬂléi‘f‘@”OOZS Ttion

3062. 7 | nt erf¥sitign: 0, ooéﬁl Posi t i BEsig103. 41%- %nsuty

0. 0047 Posi tHosion3197. 115 Intensity: 40.085
Position: 746 3 Intensity: 0.223
Position: 757.2 Intensity: 0.657
Position: 779.3 Intensity: 13.833
Position: 814.4 Intensity: 7.625
Position: 8243 [ntensity: 3.724
Position: 839.5 Intensity: 3.268
Position: 858.2 Intensity: 0.596
Position: 872.3 Intensity: 2.936
Position: 883.2 Intensity: 327
Position: 892.6 Intensity: 2.679
Position: 906.6 Intensity: 3.272
Position: 9379 Intensity: 0.628
Position: 964.6 Intensity: 12.167
Position: 1022.4 Intensity: 5.498
Position: 10584 Intensity: 8.147
Position: 1078.3 Intensity: 11.286
Position: 1105.5 Intensity: 12.333
Position: 1122.2 Intensity: 13.568
Position: 1153.0 Intensity: 1.822
Position; 1195.6 Intensity: 18.478
Position: 1218.6 Intensity: 11.741
Position: 1248.5 Intensity: 17.145
Position: 1271.0 Intensity: 66.038
Position: 1298.3 Intensity: 19.951
Position: 1312.9 Intensity: 12.236
Position: 1338.2 Intensity: 115.936
Position: 1390.7 Intensity: 14,399
Position: 14302 Intensity: 33.921
Position: 1463.4 Intensity: 22.573
Position: 1486.0 Intensity: 7.195
Position: 1520.5 Intensity: 33.708
Position: 1585.5 Intensity: 21.258
Position: 1628.5 Intensity: 27.280
Position: 2537.6 Intensity: 0.355
Position: 27386 Intensity: 1.268
Position: 28427 Intensity: 10.481
Position: 2938.7 Intensity: 35.252
Position: 2980.1 Intensity: 25,665
Position: 3007.6 Intensity: 10.180
Position: 3065.6 Intensity: 19.538
Position: 3095.0 Intensity: 20.168
Position: 3106.6 Intensity: 13.334
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Intensity: 0.0090 [00179]Fig. 47 is the RAMAN
spectrum of racemc ilaprazole, FormB. Table 23

{?@%%89@?55'6 absor bance peaks in the Raman Spel%lf:/ﬁgfbmmsmm

Peaks in the Raman Spectrum of Raceni
| 'aprazole, FormB. Position: 402.3 Intensity: 3.360
IF>05| tion: 419.7 Intensity: 3.450 Position: 437.4
ntensity: 4.555 Position; 469.0 Intensity;  3.223
Position: 4995i§o®ntendile{? 2. 748t ?384666}6‘?- WO
2008/ 083333 Position: 510.3 Intensity: 3.524 .
[001P@isi t i dFie. 45B6. the INSeireibeymn of rapgmicpIIZe Foige$ fhe DVS isotherm

ol T SRRSO S SAATEA y Byt 27 i
loss fromesso 6y RH. 651 Position: 669.8 Intensity: 2.705

Position: 694.0
[60171) Example 5: Preparation of Characterization of Racemic llaprazole, Form I3
[60172] A solution containing 10 mL of acetone was saturated with ilaprazole, Form Aby
sonicating with excess solids for approximately 5 minutes at ambient temperature. The resulting
slurry was filtered through a 0.2 micron nylon filter into a glass vial. The vial was capped and
placed into a refrigerator. The resulting white solid was collected by vacuum filiration 11 days
later as Form B.
[00173] The XRPD pattern of racemic ilaprazole, Form B was obtained using an Inel
XRG-3000 diffractometer, as described above. The measurement conditions are reported in
Table 19. Fig. 41 shows the XRPD pattern for racemic ilaprazole, Form B, Table 20 reports the
peaks identified in the XRPD pattern. Tn its XRPD racemic ilaprazole Form B may be
characterized by peaks at 6.8 °26 + 0.2 °28; 9.1 °26 0.2 °20; 22.0°26 + 0.2 °26 and 25.5 °20
+ 0.2 °20. Another characteristic grouping includes peaks at 3.7 26 +0.2 °28;6.0°20 £0.2

©20; 6.8 20 4 0.2°20: 9.1 20 + 0.2 °20; 12.1 20 +0.2 °20; and 31.420 *0.2 °20,

Table 19: Measurement Conditions for XRPD Pattern of Racemic Haprazole, Form B.

Measurement Condition: [Yata Process Condition:

X-ray tube Smoothing [AUTO]

target = Cu smoothing points =23

voltage = 40.0 (kV)

current = 30,0 (mA) B.G. Subtraction [AUTO]
sampling points =27

Slits repeat times =30

divergence slit = 1,00000 (deg)

scatter shit = 1.00000 (deg) Kal-aZ Separate [MANUAL]

receiving slit ={),15000 (mm) Kal a2 ratio = 50.0 (%)

Scanning Peak Search [AUTO]

drive axis = 2Theta/Theta differential points =21

SCAN range = 2,519 - 39.979 FWHM threshold = ().050 (deg)
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Intensity: 11.100 Position: 704.1 Intensity: 9.112
Position: 732.1 Intensity: 10357 Position: 754.1

t i.ty. 20.453 Position: 816.5 Intensity
‘&@3&@?“8%3 828.4 Intensity: 4.623 Position: 87‘3:1‘1&%67/089127
Intensity: 4.017 Position: 893.0 Intensity: 6.371
Position: 954.1 Intensity: 10.071 Position: 969 7

lntensity: 18.993 Position—1015 l-At-ensi-t-m 072

scan PPt on: TOABUGUOYHSSAR ¢y 4“1%’9@‘%%3?]{‘91 n: ﬂ%fg@arém‘n
scan pprednsi ty: =9.0994 (dughpin) on: 106 HM pHiodRdIDy: 6913
sampipg pittlon: 1694280 (daggnsity: D. 593 Position: 1110. 4

| pteemisintey: 7. 64B80@08(sekbn: | System Error Correction: [NO]
Precise Peak Correction: [NOJ]

Table 20: Peak Positions of Ilaprazole, Form B XRPD Pattern

Peak No. | Position (°26 = 0.2 °26) | d-spacing | Intensity | V1’

1 3.7 23.9 44 4

2 6.0 14.8 48 4

3 6.8 12.9 1227 100

4 9.1 9.7 114 9

5 1.8 7.5 73 6

0 12.1 7.3 56 5

7 12.6 7.0 315 26

8 14.8 6.0 114 9

9 15.8 5.6 537 44

10 18.1 4.9 258 21

11 19.4 5.6 156 13

12 20.2 4.4 148 12

13 20.7 4.3 70 6

14 21.2 4.2 413 34

15 22.0 4.0 357 29

16 227 3.9 124 10

17 23.2 3.8 133 11

18 23.6 3.8 362 30

19 24.1 3.7 317 26

20 24.4 3.6 177 14

21 25.5 3.5 417 34

22 26,7 3.3 67 5

23 272 3.3 101 8

24 27.8 3.2 87 7

25 29.1 3.1 84 7

26 314 2.8 66 5
[00174] Fig, 42 is the TGA thermogram of racemic ilaprazole, Form B. The sample
showed a 0.2% weight loss up to 150 °C and 5.8% weight loss between 150 and 175 °C.
[00175] Fig. 43 is the DSC thermogram of racemic ilaprazole, Form B. The endotherm

onset occurred at 159 °C (max 163 °C).
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1128.3 Intensity: 23.427 Position: 1166.2 Intensity:
%3i297 Position: 1192.1 Intensity: 5.552 Position:
.8 Intensity: 15.624 Position: 1271.3 Int iy
6 el on: 1292.5 Intensity: 13.415 S
1306.1 Intensity: 27.370 Position: 1340.8 Intensity:
226261 Position: 1390.2 Intensity: 46.334 Position:
_ .0 Intensity: 24, 397 Positian: 1436.3 | ntensify.
[001759. 633 s s proforsMR $Rﬂ°€ﬂ’§i°? W"i’é}‘ga@l% °rr E‘n?{”"‘y poaks

car 48 DEGNS sd¥ent LOn QR 3DiliRS0ld. PRakshediBl. Bard®. £ psh e due to

" éé %8’21 ak’o& tion: 1579.7 | nljt?azzjn.si ty: 12.771 Posi ??ﬁgn:
TEA]5Bh & dsed trgdbilize ilhpraggein solution, and not to ilaprazole.

[00177] Fig. 45 is the solid state 3¢ CP/MAS NMR spectrum of racemic ilaprazole, Form
B. The spectrum is externally referenced against glycine at 176.5 ppm. The peaks in the solid

state °C NMR spectrum are reported in Table 21.

Table 21: Solid State **C NMR Peaks for Racemic Ilaprazole, Form B.

PPM HEIGHT
163.5 99.8
155.0 62.2
152.2 71.5
149.5 58.7
142.2 80.6
1357 104.3
121.5 654
118.3 141.8
116.2 88.5
110.3 53.5
107.8 44.0
104.5 94.3
55.7 117.1
11.5 85.4
[00178] Fig. 46 is the IR spectrum of racemic ilaprazole, Form B. Table 22 reports the

absorbance peaks in the IR spectrum.

Table 22: Peaks in IR Spectrum of Racemic {laprazole Form B.

Position: 7154 Intensity: 0.0125
Position: 732.2 Intensity: 0.0730
Position: 758.2 Intensity: 0.0131
Position: 810.3 Intensity: 0.0464
Position: 829.0 Intensity: 0.0126
Position: 864.1 Intensity: 0.0100
Position: 892.2 Intensity: 0.0101
Position: 9534 Intensity: 0.0053
Position: 9711 Intensity: 0.0089
Position: 1014.2- Intensity: 0.0154
Position: 1043.6 Intensity: 0.0534
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Position: 1633.4 Intensity: 34.488 Position: 2737.0
IPnt ensity: 1.265 Position: 2835.7 Intensity: 8.761
osition: 2890.1 Intensity: 15.700 Position:
W23 16, 669 Positi on 2936.8 Intensi ty:‘?‘sf‘g.g%g‘gmsg’”"
Position: 2964.3 Intensity: 6.875 10846660.5 WO
2008/ 083333 PCT/ US2007/ 089127 Position: 3006.0
Intensity: 6.752 Position: 3019.8 Intensity: 9.329
Posi ti oResid®@e5. 1 10§Bdnsi t yntepaityie7 pdsi3¥Pon: 3093. 7
| nt ensi Pysitian. 66110686i t i onintewsigr. 4 | ft¥RSity: 11.283
Posi t i oRpsiBdB0. 5 1088&nsi t yintepsityoo  [WPB0] Fig. 48 is
t he DVSPbsatether m Gfl2dacer ninterisitipr az A @ 20For m B. The
DVS i soPhsition: showsi28.30. 03%nmeisigiit | osk0®P 5% RH, a
0. 04% webghén:gai n1fsedm 5 t hit@s8s:RH, dhe3d 0. 00% wei ght

| oss fromifién:t 0 SPHYRI. Intensity: 0.0026
Position: 1216.2 Intensity: 0.0077
Position: 1256.1 Intensity: 0.0173
Position: 1270.0 Intensity: 0.0283
Position: 1292.8 Intensity: 0.0366
Position: 1339.6 Intensity: 0.0051
Position: 1357.2 Intensity: 0.0073
Position: 1382.1 Intensity: 0.0107
Position: 1389.9 Intensity: 0.0161
Position: 1410.2 Intensity: 0.0205
Position: 1431.3 Intensity: 0.0194
Position: 1454.8 Intensity: 0.0124
Position: 1476.5 Intensity: 0.0258
Position: 15199 Intensity: 0.0179
Position: 15804 - Intensity: 0.0368
Position: 1632.2 Intensity: 0.0088
Position: 1651.4 Intensity: 0.00090
Position: 1695.3 Intensity: 0.0011
Position: 1717.0 Intensity: 0.00097
Position: 2561.9 Intensity: 0.00043
Position: 2835.2 Intensity: 0.0018
Position: 2888.8 Intensity: 0.0028
Position: 2937.5 Intensity: 0.0035
Position: 2964.4 Intensity: (,0028
Position: 3062.7 Intensity: 0.0031
Position: 31034 Intensity: 0.0047
Position: 31971 Intensity: 0.0090

[00179] Fig. 47 is the RAMAN spectrum of racemic ilaprazole, Form B. Table 23 reports

the absorbance peaks in the Raman spectrum.

Table 23; Peaks in the Raman Spectrum of Racemic llaprazole, Form B.

Position: 402.3 Intensity: 3.360
Position: 419.7 Intensity: 3.450
Position: 437.4 Intensity: 4.555
Position: 469.0 Intensity: 3223
Position: 492.9 Intensity: 2.746
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[00181] Exanpl e 6: Ilaprazole Solubility Studies

[00182] The solubility of racem c il aprazole, Forns A,
wer e anal yzed by exposing themto vgtd

@pﬁﬁ@%&@ggl uti ons having vari ous plg—ls for 1 holﬂ(ﬁ[%%mwm

Duplicate anal ysis was perfornmed for each sanple on a

second day. The solubility in 100% et hanol (with no pH

adj ustnment). is shg inthe first col . Various

ot her adf@bes sol ém%ns (81?7’.“‘5'%3"75% ;%5% and 50%

et hanol YOuHeH var y?hE appale®ii%rs (7 9, 10, and

11) wer 8osiligns evaPtibled. ANCSIYthe viffes bel ow are

the avePagéof twdldbpli caléensipar ati-6Hs anal yzed on

di f f er efpsitiatys. TH&3.Zesul t Btepsdy'show2-192 Tabl e 24.

Tabl e 2Ro86dwmbi | | 6§8.8f r acBigsity:| apr ak6tle Forns A B,

and F i Rositien:ous é6h8nol sbitemsityns Fot-#M¥5Sol ubility

(mg/ mL) Phtitiamol  63900% 87. E0&4siIS% 62.13G080% A pH 7

6.47 1%Podifon:2. 80704H 8 6. BiterBy:18 72.1B pH 9 6. 47

14. 94 3o88on:pl | 762.6. 47 1dtdsity:9. 48 10.56H 11 6. 47

16. 25 @oddiol® pH 758138 1&iéBity:3. 62 20p8938 8. 38 21. 65

9.56 Position: 810.5 Intensity: 9,149
Position: 828.4 Intensity: 4.623
Position: 874.1 Intensity: 4.017
Position: 293.0 Intensity: 6.371
Position: 954.1 Intensity: 10.071
Position: 969.7 Intensity: 18.993
Position: 1015.6 Intensity: 12.072
Position: 1045.9 Intensity: 4.196
Position: 1055.6 Intensity: 5.091
Position: 1068.8 Intensity: 6.913
Position: 1094.8 Intensity: 9.593
Position: 1110.4 Intensity: 7.641
Position: 1128.3 Intensity: 23.427
Position: 1166.2 Intensity: 13.097
Position: 1192.1 Intensity: 5.552
Position: 1216.8 Intensity: 15.624
Position: 1271.3 Intensity: 59.718
Position: 1292.5 Intensity: 13.415
Position: 13006.1 Intensity: 27.370
Position: 1340.8 Intensity: 93.661
Position: 1390.2 Intensity: 46.334
Position: 1406.0 Intensity: 24.397
Position: 1436.3 Intensity: 30.633
Position: 1460.1 Intensity: 16.408
Position: 1482.5 Intensity: 10.635
Position: 1518.8 Intensity: 35.366
Position: 1579.7 Intensity: 12.771
Position: 1590.8 Intensity: 17.002
Position: 1633.4 Intensity: 34.488
Position: 2737.0 Intensity: 1.265
Position: 2835.7 Intensity: 8.761
Position: 2890.1 Intensity: 15.700
Position: 2907.8 Intensity: 16.669
Position: 2936.8 Intensity: 15.868
Position: 2964.3 Intensity: 6.875
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pH9 8.38 20.61 4.73 pH 10 8.38 24.35 11.86
10846660.5 WO 2008/ 083333PCT/ US2007/ 089127 pH 11

8 4 7.27 FpH7 7.04 14.82
%0:7& ?)84’1‘%%??83 7.43 pH9 7.04 16.11 3.54 %ﬁlﬁ%omwm
7.04 20.25 9.51

Position: 3006.0 Intensity: 6.752
Position: 3019.8 Intensity: 9329
Position: 30651 Intensity: 24,167
Position: 3093.7 Intensity: 10.661
Position: 31014 Intensity: 11.283
Position: 3130.5 Intensity: 15.490
[00180] Fig. 48 is the DVS isotherm of racemic ilaprazole, Form B. The DVS isotherm

shows a 0.03% weight loss at 5% RH, a 0.04% weight gain from 5 to 95% RH, and a 0.00%
weight loss from 95 to 5% RH.

[00181] Example 6: Tlaprazole Solubility Studies

[00182] The solubility of racemic ilaprazole, Forms A, B, and F, were analyzed by
exposing them to various ethanol solutions having various pHs for 1 hour. Duplicate analysis
was performed for each sample on a second day. The solubility in 100% ethanol {with no pH
adjustment) is shown in the first column. Various other aqueous solutions (87.5%, 75%, 62.5%,
and 50% ethanol) with varying apparent pHs (7, 8, 9, 10, and 11) were also evaluated. All of the
values below are the average of two duplicate preparations analyzed on different days. The

results are shown in Table 24.

Table 24 Solubility of racemic ilaprazole Forms A, B, and F in various ethanol solutions

Solubility Ethanol
Form (mg/mL) 100% 87.50% 75% 62.50 50%
pH 7 G647 13.13 2.80
pH 3 6.47 1518 7.18
A pH Y 6.47 14.04 3.99
pH 10 647 1815 548
pH 11 6.47 16.25 6.21
B pH7 8.38 18.86 3.62
pH 8 8.38 21.65 0.56
pHO 8.38 20.61 473
pH 10 §.38 7435 11.86
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pH 11 7.04 18.01 5.79 1001831The solubility of
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The resul
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are shown in Table 25. Table 25: Solubility of racemc
iLl.aprazol e, _Forns..A—and- F A vari-ogs—pH-anvi-enrents
From Sol Bbillity (itght) [*H  7.0]7.5°8% 8.5 9.0 9./5 "
0010 ?}'ﬁ“@""% 1478271577 ; .05 16.9 773
7.66| 18. 18.147 I(}. 63 Day 2 15.7?14?]‘.82. 45.15.90 16.66
17. 667 19pB® 19,79 184 8519.1283 Average 15.30 48336
15. 711.16.36 17.133.18..48 119 05-19.116-18--43-+-9% Di-ff-
6.41 |.18H08 51| 704 T6.11° 354
pH 10 7.04 20.25 9,51
pH 11 7.04 18.01 5.79
{600183] The solubility of ilaprazole, Forms A, B, and F, were analyzed by exposing them

to 90% ethanol solutions of various pHs for 1 hour. The analysis was repeated a second time to

check the reproducibility of the results. The results are shown in Table 25.

Table 25: Solubility of racemic ilaprazole, Forms A and F, in various pH environments

From | Solubility pH
(mg/ml) | 7.0 7.5 8.0 8.5 9.0 9.5 10,0 | 105 | 110
A Day 1 14.82 | 1527 | 1551 1 1605 | 16,99 | 17.66 | 1830 | 18.47 | 17.63
Day2 | 1577 | 1545 | 1590 | 16.66 | 17.66 | 19.30 | 19.79 | 19.85 | 19.22
Average | 1530 | 4536 { 15.71 | 1636  17.33 | 1848 | 19.05 | 19,16 | 1843
% Diff. | 6.41 1.18 | 2,57 | 3.80 | 3.94 | 929 | 8.14 | 747 | 9.02
B Day 1 19.16 | 20,37 | 20.28 | 20.90 | 21.73 | 22.79 | 23.19 | 23.43 | 21.59
Day?2 | 20.91 | 19.66 | 20.00 | 21.56 | 22.06 | 24.20 | 24.15 | 24.66 | 24.89
Average | 20.04 | 20.02 | 20.14 | 21.23 | 21.90 j 23.50 | 23.67 | 24.05 | 23.24
% Diff | 913 | 349 | 138 | 3.16 | 1.52 | 6.19 | 4.14 | 525 | 1528
F Day 1 1637 | 16.89 | 1725 | 17.71 | 18.32 | 19.66 | 20.02 | 20.28 | 19.47
Day2 | 16,89 | 16.75 | 16.84 | 17.66 | 18.70 | 20.25 | 20.66 | 20.94 | 20.35
Average | 16.63 | 16.82 | 17.05 | 17.69 | 18,51 | 19.96 | 20.34 | 20.61 | 19.91
9% Diff. | 3.18 | 0.83 | 238 | 0.28 | 2.07 | 3.00 | 320 | 3.25 | 452
[00184] Example 7: Preparation of Characterization of Racemic llaprazole, Form B
[00185] Approximately 82.0 mg Ilaprazole, Form A was added to a solution containing 6

mL MeOH and 6 pL triethylamine. The solid was dissolved using sonication. The solution was

filtered thfough a 0.2 micron nylon filter into a glass vial. The vial opening was covered with

aluminum foil containing five pinholes and left to evaporate at ambient temperature. A dark

green solid resulted approximately 6 days later and was identified as Form E.
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3.80 3.94 9.29 8.14 7.47 9.02 Day 1 19.16 2037 20. 28
20.90 21.73 22.79 23.19 23.43 21.59 Da 2 20,91 19.66

.00 21.56 22.06 24.20 24.15 24.66 24.89 Av
‘%8.28‘1?"’%’.382 20.14 21.23 21.90 23.50 23.67 24.‘8{3?@9‘5@89”7
%Diff. 9.13 3.49 138 3.16 1.52 6.19 4.14 5.25 15. 28

Da 1 Da 2 16.37 16.89 16.89 16.75 Ma 16.84 17.71 18. 32

19. 66 20.02 . .
{00186} The XRPD pattern of racemic ilaprazole, Form E was obtained using an Inel

XRG-3000 diffractometer. The measurement conditions are reported in Table 26. Fig. 49 shows
the XRPD pattern for racemic ilaprazole, Form E. Table 27 reports the peaks identified in the
XRPD pattern. In its XRPD racemic ilaprazole, Form E may be characterized by peaks at 8.1
©28 £ 0.2 °20; 10.1 °20 +0.2 °20; and 12.8°20 £ 0.2 °26. Another characteristic grouping
includes the peak at 31.1 °28 +0.2 °26.

Table 26: Measurement Conditions for XRPD Pattern of Racemic aprazole, Form E.

Measurement Condition: Data Process Condition:

X-ray tube Smoothing [AUTO]

target = Cu smoothing points =57

voltage = 40,0 (kV)

current =30.0 (mA) B.G. Subtraction [AUTQ]
sampling points =27

Slits repeat times =30

divergence slit = 1.00000 (deg)

scatter slit = 1.00000 (deg) Kal-a2 Separate [MANUAL]

receiving slit = {,15000 (mm) Kal a2 ratio = 50.0 (%)

Scanning Peak Search [AUTO]

drive axis = 2Theta/Theta differential points = 35

scan range =2.519-39.979 FWHM threshold = 0,050 (deg)

scan mode = Continuous Scan intensity threshold = 30 (par mil)

scan speed =(),0040 (deg/min) FWHM ratio (n-1)/n =2

sampling pitch = 0.0200 (deg)

preset time = 300.00 {sec) System Error Correction: [NO]

Precise Peak Correction: [NO}

Table 27: Peak Positions of Ilaprazole, Form E XRPD Pattern

cr0s020 | Relatve
20 ntensi
8.0 85
10.2 84
12.8 67
14.5 43
16.0 58
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[00187]
negligible weight loss (<0.02%) up to 100 °C, indicating the material is unsolvated. A weight

[00189]
peaks near 5.32 ppm are due to solvent — not to ilaprazole.
[00190] Fig. 53 is the solid state BC CP/MAS NMR speétrum of racemic ilaprazole, Form
E. The spectrum is externally referenced against glycine at 176.5 ppm. The peaks positions in

the solid state '*C NMR spectrum are reported in Table 28, rounded to the nearest 0.1 ppm. The

2E28 19. 47

17.66 18.70 20.25 20.66 20.94 20.35

Average 16.63 16.82 17.05 17.69 18.51 19.96 20. 34

20.61 19.91 % Di
WOZHUBYES 4 5o

ff.

3.18 0.83 2.38 0.28 2.
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reports the peaks i derd’i4.i.ed in H@ XRRD pattern. In
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characterized by peaks?%& 8.1 '20320.2 120; 10.1 020
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peak occurring at 62.4 may overlap with excipient peaks.

53

Fig. 50 is the TGA thermogram of ilaprazole, Form E. The TG curve shows a

loss of 5.3% is observed from 100 to 170 °C, mostly like due to decomposition.
[00188]

minor endotherm near 99 °C, and an endotherm near 163 °C (onset: 157 °C) followed

Fig. 51 is the DSC thermogram of racemic ilaprazole, Form E, Form E exhibits a

immediately by a sharp exotherm. The nature of the minor endotherm was not investigated. The
remaining DSC events are most likely due to concomitant melt and decomposition.

Fig. 52 is the '"H NMR spectra of racemic ilaprazole, Form E, in CD;Cl,. Any
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[00187]Fig. 50 is the TGA therrnogram of
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ref erenced aga‘ﬁET_qﬁyglne al” 176. Bgppm The peaks
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peaks. 1084666p- L3333P741J32007/089127
Tabl e 28; Sol i VR—Peaks-—For—Racem ¢
Raprazol e, Form E. PPM HElI GHT 165.7 85.1 153.2

{00191] Fig. 54 shows the IR spectrum of racemic ilaprazole, Form E. The IR peaks are

listed in Table 29.

Table 29. Peak Positions of Ilaprazole, Form E IR Spectrum,

10846660.5

Position (cm™ £ 4 cm

_1)

688

732

7

56

823

866

8

90

9

50

9

63

1019

1046

1054

1066

1083

1095

1119

1147

1182
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84.6 148.0 91.7 141.2 99.3 137.7 86.6 135.4 90.9 123.9
67.3 122.0 75.8 119.0 95.2 117.0 49.5 116.2 51.5 112.2
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[00192]

3128

Example 8: Delayed Release Tablet Formulations

[00193]) Delayed release tablets containing 40 mg racemic ilaprazole, Form A, B, ot F,
were prepared and the dissolution rates of the tablets studied. The tablets were identical, with the
exception of the crystalline form of ilaprazole. The qualitative and quantitative compositions of
racemic ilaprazole delayed release tablets, 40 mg (inclusive of the compositions made using
Forms A, B, and F) are described in Table 30. The delayed release tablets, 40 mg, were prepared

according to the manufacturing process shown in Figure 55.
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HD Di |l uent/ Bi nder 58.75 Lactose Mnohydrate (Forenost
Lactose 312) NE HD Diluent 58.75 Mcrocrystalline

Q36 (Avicel PH 102) NF 11D Diluent/ Bi
ggi?@_@actsose Monohydr at e (Forenost Fast- Fl o@%ﬁzoﬁesglﬂ
1D Di luent 58.75 Sodium Starch G ycolate (Ex_plotab)

NE IID 11D D sintegrant Qulant 12.14 0.8983

Col | oidal Sili .Dioxid -O Sl
Tablyginesi um Slt(é)lé‘igzg@oﬂlg%(bP@%‘%"Sﬁ’aﬁ%ﬂ‘mT?’N@%“%f bcoat

Opadry ~YS1-T9025- A T ear]- gwaliy fal HD Coat i ng

Inglj,s\{a{‘eﬁ{ lal 36.67 Purified mhdarBSALiNed SOl MaRtion]. S; mg/tablet
Cord Tt © CoatTy ACTYI=EZE 93F192557U earZ Tnter nal

Ragemic Hapraone (Lt A, B, of F) | htefnal " ©'- Adhve S0l vent 40,00

Mapmnesium Hydroxide UsP 1D | Stabilizer 40.00

Microcrystalline Cellulose (Avicel PH NF > | Diluent/ 58.75

101) Binder

Lactose Monohydrate (Foremost NF IID | Diluent 38.75

Lactose 312)

Microcrystalline Cellulose (Avicel PH NF D | Diluent/ 58.75

102) Binder

Lactose Monohydrate (Foremost Fast- NF 1IID | Diluent 58.75

Flo 316)

Sodium Starch Glycolate (Explotab) NF IID | Disintegrant 12.14

Colloidal Silicon Dioxide (Cab-O-8il NF D | Glidant 0.8983

MS5P) :

Magnesium Stearate NF D | Lubnicant 1.980
Subcoat

Opadry YS-1-19025-A Clear' Internal IID | Coating 36.67

Material

Purified Water® USp N/A | Solvent q.8.

Enteric Coating

Acryl-EZE 93F19255 Clear” Internal - Enteric 36.67

Coating

Purified Water* USP N/A | Solvent q.s.

Total : 403.

*  Removed during processing.

1TD - indicates use of the ingredient is supported by FDA Inactive Ingredient Database.

q.s. - sufficient quantity

N/A - not applicable, solvents are removed during processing.

1 Contains hypromellose, USP and polyethylene glycol 400, NF.

2 Contains methaerylic acid copolymer type C, NF; polyethylene glycol 8000, NF; sodium
bicarbonate, USP; colloidal anhydrous silica, NF; sodium lauryl sulfate, NF; and talc, USP.

[00194] The dissolution rate procedure was modified to be consistent with USP <711=,
Delayed Release Method A and to change the UV detection wavelength in the acid stage of the
test. For the acid stage, a wavelength of 340 nm was used, and for the buffer stage, a wavelength
of 306 nm was used. The desired dissolution profile was Q = 70% in 60 minutes. The
dissolution profiles of the tablets containing racemic ilaprazole Forms A, B, and F are presented
in Table 31.
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present Qd i-n--JFabl 31 1!'\Q/1£:660 o \AD z 65
FDTHZ@GS/CSSSSS@’CT/ USZOO 9127 T E% Dil ssg) Af |
WMMM_ML é 6& 43 !@sg 40 fpd.ﬁ .lé 3674 (7.4)

Racernic |l aprazole. . Eqorns A, B—andFE Pacem e

Form Fapr dzol e form in TafPet Adid Sfhge %l Di
D L T o aher & oS, 0 Baglss, " Ros (50)

¥ Wigedel teslihpiwedene tvr HSREN =024rsnilts repstied-n 30 nin 45 nin
60 mn FormA 1 54 75 82 86 0-2 48-61 (9.8) 70-78 4.1

4-913. 3
[001? 6) 3&1}?% tn(% élj)%vgrzd%gh)gﬂ?gg oq)iéeaﬁlhr'igl% fggﬂ@qablgﬁgar%]:mé%ected
baseé 3n e 8Bt 8&%solubility data for of ilaprazole Forms A, F, and B (A<F<B). The tablets
containing Form B drug had a relatively smaller particle size distribution compared to Form A

and Form F. Form B was slower to wet and dissolve in the dissolution buffer than Form A and

Form F.

[00196] Example 9: Bioavailability Study of Ilaprazole from Delayed-Release
Tablets Containing Racemic Ilaprazole, Forms A, B, or F

160197] The bioavailability of ilaprazole from delayed-release tablets containing racemic
ilaprazole, Form A, F, and B. This study were to assessed the bioavailability of ilaprazole from
ilaprazole 40-mg delayed-release tablets manufactured as described in Example 8.

[00198] Study Design and Dose Administration: The subjects were randomly assigned

in equal numbers to one of three sequence groups (Table 32).

Table 32 Regimen Sequences

Number of Regimen Sequence
Sequence Subjects Period 1 Period 2 Period 3
1 16 Form A Form F Form B
2 16 Form B Form A : Form F
3 16 Form F Form B Form A
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0-0 33-47 (13.0) 66-74 (4.8) 79-87 (4.6) 85-95 (5.0) *
Stage 1-3 testing conducted per USP. N = 24 results
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Table 33: Plasma Pharmacokinetic Parameter Estimates of Ilaprazole in Healthy Adult
Subjects Following Administration of a Single 5 mg Oral Dose of Racemic
Ilaprazole, Forms A, Bor F

tag timax Ciax AUC AUC, tinz CL/F Vz/F
(h) (h)  (ng/ml) (mgh/ml) (ngh/ml) (hy* (L/h) (L)
Form A
N 44 44 44 44 44 44 44 44
Mean 1.16 4.14 0651.68 5066.75 5454.11 8.89 (6.95) 9.34 111.60
CV% 62 24 49 40 38 60 70 81
Form B ‘ _
N 44 44 44 44 44 44 44 44
Mean 122 3.50 522.51 3812.50  4087.99 948 (7.76) 11.70 160.34
CV% | 65 36 38 37 36 63 52 76
B Form F
N 44 44 44 44 44 44 44 44
Mean 1.18  4.01 554,18 4256.66  4672.37 9,66 (7.29) 11.29 134.72
CV% {90 26 50 43 40 52 81 54

a: Arithmetic mean (harmonic mean).

[00266] llaprazole tiy, and tyax were similar regardless of the crystal form of racemic
ilaprazole that was administered. Ilaprazole mean ti, averaged about 1.2 hours, and the mea tmax
ranged from 3.5 to 4.1 hours. Haprazole mean Cra and AUC values were highest for Form A
and lowest for Form B. The mean Cpay and AUC,, values for ilaprazole from Form B were
approximately 20% and 25% lower, respectively, than those values observed for Form A. The
mean Cpx and AUC,, values for ilaprazole from Form F were approximately 15% and 14%
lower, respectively, than those values observed for Form A. The harmonic mean ti2, values
were similar for the Forms A, B, and F, and ranged from approximately 7.0 to 7.8 hours. The

mean apparent oral clearance and volume of distribution values were highest for Form B and
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Form B N 44 44 44 44 44 44 44 44 Mean 1.22 3.50
522.51 3812.50 4087.99 9.48 (7.76) 11.70 160.34 CV% 65

36 38 37 36 63 52 76 Form |2
W&) 2&%/08%‘4‘;344 Mean 1.18 4. 01 orml? N 44 4§CTA}652661-7/089127

lowest for Form A. The results of the statistical analysis of the ANOVA are summarized in
Table 34.

Table 34 Statistical Comparison of Pharmacokinetic Parameter Estimates for
Racemic llaprazole, Forms A, B, and F

Parameter Point Estimate | 90% Confidence Interval

() Regimen B vs. Regimen A

Crun 0.8292 0.7185-0.9570
AUC 0.7630 0.6646 — 0.8759
AUC, 0.7609 0.6624 — 0.8740
{ii) Regimen C vs, Regimen A

Cinax 0.8456 0.7327 - 0.9759
AUC 0.8288 0.7220— 0.9515
AUC,, 0.8456 0.7362 - 0.9713

Regimen A: Form A as a single ilaprazole 40-mg delayed-release tablet.
Regimen B: Form B as a single ilaprazole 40-mg delayed-release tablet.
Regimen C: Form F as a single ilaprazole 40-mg delayed-release tablet.

[00207] The lower bounds of the 90% confidence intervals for the ratios of the central
values when racemic ilaprazole was administered as a single oral dose of the 40-mg tablet as
Form B (Regimen B), relative to a single oral dose of the 40-mg tablet as Form A (Regimen A),
were below the lower bioequivalence limit of 0.80 for Cpax, AUC, and AUC,, and the
confidence intervals did not include 1. For Cpay and :&UC, the point estimate indicated that the
values for Form B were approximately 17% and 24% lower, respectively, than those observed
for Form A.

[0G208] The lower bounds of the 90% confidence intervals for the ratios of the central
values when ilaprazole was administered as a single oral dose of the 40-mg tablet as Form F
(Regimen C), relative to a single oral dose of the 40-mg tablet as Form A (Regimen A), were
below the lower bioequivalence limit of 0.80 for Cpax, AUC, and AUC,,, and the confidence
intervals did not include 1. The point estimates indicated that ilaprazole Cpax and AUC values
following administration of Form F were approximately 15% and 15-17% lower, respectively,
than those observed for Form A.

[00209] Pharmacokinetic Summary: Following administration of a single 40-mg oral

dose of ilaprazole as delayed-release tablets containing Form B, the total systemic exposure, as

10846660.5
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in 46&{ mx&nd@aemwohﬁur@ﬁmmhe statistical analysis of the
ummari zed in Tabl e 34, Tabl.e 34St]a?ﬁr str
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obs@y@i7fons do not have a hlgh or Iow response the relaxatlon delay and cross polarization
contact times were independently optimized for each crystalline form of ilaprazole. All three
forms had an optimal relaxation delay of 10 seconds, and an optimal cross-polarization contact
time of 4 milliseconds, which conditions were used for the study. As shownin Fig. 57, PC
CP/MAS ssNMR shows good specificity for each form. Fig. 57 demonstrates that the regions
with the best specificity for the three forms do not overlap with the peaks of the 40 mg excipient-
only placcbo blend. The peak positions for each form and placebo blend are summarized in
Table 35. Four characteristic peaks were chosen for cach form that are suitable for form

identification as a neat API and in tableted form and are listed in Table 36.

Table 35. Racemic Haprazole BC CP/MAS ssNMR Peak Positions for Delayed-Release
Formulatiouns Containing Forms A, B, and ¥ and the Placebo Blend

Peak Position (ppm)

Form | Form | Form 40 mg Placebo

A B F Blend
165.1 163.5 164.2 179.3
163.9 156.1 152.4
154.7 155 148.4 105.5

152.2

148.5 149.5 92.8
1453 142.2 143.2 89.3
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2008/ 083333PCT/ US2007/089127 neasured by il aprazole C.
and AUC, was appr oxAppratimate Peak Rdsitigns | oner
respectively, relative to dppmgle 40-ng oral dose of
il aprazol e as del ayeormel e&FsemtBapFetrm Kcpnt ai ni ng Form
A.  [00210] Fol | ow ngssadm nisxz ati o§6.bf | a singl e 40-ngy
oral dose of ilaprpzetedas ded.ayedisxl epse tablets
containing FormF, itle totaligyst emus exposure, as
measured by il aprazolie ¢C. | and,sAUC, 19as approxi mately
15% and 15-17% | ower,” TéSpectively, relative to a
single 40-ng oral dose of il aprazole as
del ayed-rel ease tablets containing FormA
[00211] Exanpl e 10: Solid State 13C NVR Study of
Racem c |l aprazole, Forms A, B, F, in 40 ng
Ext ended- Rel ease Fornul ati ons [00212] The del ayed
rel ease tablets containing 40 ng of racemc
i laprazole, Fornms A, B, and F, were studied using BC
CP/ MAS ssNVR. The estimated | evel of detection for
each formas a mnor inpurity in the major formwas
approximately 15% for all three forns. To ensure that
approxi mately the sane response can be obtained for
all three forns and to ensure that the observed forns
do not have a high or |ow response, the relaxation
del ay and cross-pol arization contact tinmes were
i ndependently optim zed for each crystalline form of
ilaprazole. Al three forns had an optimal relaxation
@b ay of 10 seconds, and an optimal cross-pol arization
contact tinme of 4 mlliseconds, which conditions were
used for the study. As shown in Fig. 57, 13C CP/ MAS
ssNMR shows good specificity for each form Fig. 57
denonstrates that the regions with the best
specificity for the three forns do not overlap with
t he peaks of the 40 ng excipientonly placebo bl end.
The peak positions for each formand placebo blend are
sunmmari zed in Table 35. Four characteristic peaks were
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2008/ 083333PCT/ US2007/ 089127 Peak Position (ppm) Form
A Form B Form F 40 ng Pl acebo Blend 141.8 87.2 139.1
84.0 137.2 135.7 137.5 74.7 127.4 72.7 124.1 71,8
122.2 121.5 121.0 69.4 120.1 118.3 65.5 116.2

111.8a 11038 110.6 62.0 108.6 a 107.8" 107.88 45.5
105.2 a 104.5 a 37 61.1. a

The c¢laimed invention is:

1, A crystalline form of racemic ilaprazole characterized by a solid state BC CP/MAS NMR
spectra having peaks at 139.1, 127.4, 124.1, and 12.6.

2. The crystalline form of racemic ilaprazole of claim 1, further characterized by on
differential scanning calorimetry thermogram having an onset temperature of about 167°C.

3. The crystalline form of racemic ilaprazole of claim 1 or 2, further characterized bya
powder xray diffraction pattern having peaks at 8.0 °26 £ 0.2 °20, 13.2 °20 == 0.2 °20, and
24.1°20 0.2 °20.

4, A pharmaceutical composition for inhibiting gastric acid secretion, comprising a
therapeutically effective amount of a crystalline form of racemic ilaprazole of any one of claims 1

to 3, and a pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4, containing about 10 to about 50 mg of
ilaprazole.
6. The pharmaceutical composition of claim 4 or 5, wherein the pharmaceutical composition

is a delayed release pharmaceutical composition.

7. A crystalline form of racemic ilaprazole characterized by a solid state BC CP/MAS NMR
spectra having peaks at 156.1, 143.2, 110.6 and 10.5.

8. The crystalline form of racemic ilaprazole of claim 7, further characterized by on
differential scanning calorimetry thermogram having an onset temperature of about 170°C,

9. The crystalline form of racemic ilaprazole of claim 7 or 8, further characterized by a
powder x-ray diffraction pattern having peaks at 9.4 °28 & 0.2 °26, 17.5 °20 = 0.2 °20, 18.8 °20 =
0.2 °20; and 32.8 °20 0.2 °20.

10, A pharmaceutical composition for inhibiting gastric acid secretion, comprising a
therapeutically effective amount of a crystalline form of racemic ilaprazole of any one of claims 7
to 9, and a pharmaceutically acceptable carrier,

11 The pharmaceutical composition of claim 10, containing about 10 to about 50 mg of
ilaprazole.

12.  The pharmaceutical composition of claim 10 or 11, wherein the pharmaceutical
composition is a delayed release pharmaceutical composition.

13. A crystalline form of racemic ilaprazole characterized by a solid state B CP/MAS NMR
spectra having peaks at 152.2, 135.7,116.2, and 11.5.
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10.5 a. Peaks that do not show specificity conpared
to pl acebo bl endpeaks. Table 36. Racenic Il aprazol enC
CP/ MAS ssNI Vf R Peak Positions for Del ayed- Rel ease
Formul ati ons Containing Forms A B, and F
Characteristic Peak Positions Approximate Peak
Positions (11Pm Form A FormB Form F 139.1 152.2
156.1 127.4 135.7 143.2 124.1 116.2 110.6 12.6 11.5
14, e orystllB4G660 obracdhie ibpazorthfichinarit] funtheischaratterifed by on
stal |ine forn1o%@;acenic Il aprazol e characterize
byt

o cr | .
differep ! zeaipecpaoray MR R S PP HATHf ufidgs°c.
15 Jhe bpehinetOn b1 ot DapAic el LFor T B BhAt R by
powde€ Raspdifsidtior galoym bavidg péaks end.B 820 saahriing.1caber 0.0€26,)22.0 °20 =
thernnggan1having an onset tenperature of about 167C.
0.2 °23 andRa 5295ttt [4%e form of racenic ilaprazole of claim
| or 2, further characterized by a powder xray
16.  di piarmetdubinel gampetinorhioy inhipijemiastristacgl gerefion, qQmprisipg a
trerapeiefnD Bereie Gro o BBeRHIk 8 o Bt Magrdole B my gl
13 to ISeaidd plammasanpdlivsicogptabld eriapeut i cal |y effective

e T A

ilapradfcept abl e carrier. 5. The pharmaceutical conposition
of claim4, containing about 10 to about 50 ng of .
18 Thie|phpimeacobtical ccsnpwhi@np% gleirad ot 1 ¢ whergarpopharmeecugipal composition is
' ' phar maceuti cal conposition
addaﬁ%ﬂgﬁ%%ﬁgégécse ggggﬂgﬁgﬁﬁhceutical conmposition. 7. A
crystalline formof racemc ilaprazole characterized
by a solid state BC CP/ MAS NVR spectra havi ng peaks at
156.1, 143.2, 110.6 and 10.5. 8. The crystalline form
of racemc il aprazole of claim?7, further
characterized by on differential scanning calorinetry
t hennogram havi ng an onset tenperature of about 170C
9. The crystalline formof racemc ilaprazole of claim
7 or 8, further characterized by a powder x-ray
diffraction pattern having peaks at 9.4 020 0.2 '20,
17.5 '20 0.2 '20, 18.8 020 0.2 '20; and 32.8 '20
0.2 '20. 10. A pharmaceutical conposition for
i nhibiting gastric acid secretion, conprising a
therapeutically effective amount of a crystalline fonn
of racemc ilaprazole of any one of clains 7 to 9, and
a pharmaceutically acceptable carrier. 11The
phar maceuti cal conposition of claim 10, containing
about 10 to about 50 ng of ilaprazole. 12. The
phar maceuti cal conposition of claim10 or 11, wherein
t he pharnaceutical conposition is a del ayed rel ease
pharmaceuti cal conposition. 13. A crystalline form of
racem c il aprazole characterized by a solid state 13C
CP/ MAS NWR spectra havi ng peaks at 152.2, 135.7,
116. 2, and 11.5. 63 14.The crystalline form of
racem c ilaprazol e of claim13, further characterized
by on differential scanning calorinmetry thennogram
havi ng an onset tenperature of about 159C 15The
crystalline formof racemc il aprazole of claim 13 or
14, further characterized by a powder x-ray
diffraction pattern having peaks at 6.8 20 0.2 20,
9.1 20 0.2 20, 22.0 20 0,2 20, and 25.5 20 0.2 20.
16. A pharnaceuti cal conposition for inhibiting gastric
acid secretion, conprising a therapeutically effective
amount of a crystalline formof racemc il aprazol e of
any one of clains 13 to 15, and a pharmaceutically
acceptable carrier. 17 The pharmaceutical conposition
of claim 16, containing about 10 to about 50 ng of
il aprazole. 18 The pharmaceuti cal conposition of claim



