DECLARATION OF LEONARD J. CHYALL, PH.D.

I, the undersigned, Dr. Leonard J. Chyall, U.S Passport No. 432624896, with a business
address of 3065 Kent Avenue, West Lafayette, in the State of Indiana, USA, having been

warned that I must state the truth and that I shall be liable to the penalties prescribed by

law should I fail to do so, hereby declare in writing as follows:

I INTRODUCTION

1. I have been retained by Teva Pharmaceutical Industries Ltd. (“Teva”) to
provide opinions and analyses related to sitagliptin phosphate. This report sets forth my
analyses and opinions relating to this topic, based on the work carried out by me or under
my supervision or instruction, as well as on the materials I reviewed for the purpose of
that work. Based on this work and the materials I have reviewed, it is my conclusion, as
explained below, that upon reaction of sitagliptin free base with phosphoric acid, only
sitagliptin dihydrogen phosphate (1:1 adduct between sitagliptin base and phosphoric

acid) is formed.

A. Background And Qualifications

2. I am a Ph.D. chemist specializing in the study of organic materials,
including organic materials in the solid state and solution. I have specific qualifications
in the preparation and analyses of pharmaceutical drug substances. As outlined below, 1

am an organic chemist by profession, with training and experience in these areas

3. I am currently employed by Aptuit, Inc. (“Aptuit). Aptuit is a research
and information company that provides problem solving and analytical research to a
broad range of pharmaceutical companies. Aptuit provides a complete range of services
covering all aspects of pharmaceutical development. Among other things, the scientists
at Aptuit perform syntheses and chemical analyses of pharmaceuticals. Aptuit also offers
a broad range of analytical testing services. Aptuit performs work for both innovator and
generic companies. Aptuit also has expertise in the characterization of materials in the
solid state and in solution. Aptuit also performs solid form and salt selection studies for

active pharmaceutical ingredients (“API”). Aptuit also provides pharmacopoeia-based
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analytical testing, stability testing of drug substances in the solid state and in solution,
stabilization studies of drugs either as solids or solutions, and consulting on regulatory

issues, among other services.

4, My laboratory at Aptuit, which is located in West Lafayette, Indiana, is a
current Good Manufacturing Practices (“cGMP”) laboratory. To maintain cGMP
compliance, our employees constantly monitor and comply with United States Food and
Drug Administration (“FDA”) guidance documents. Our facility is the subject of routine
compliance audits by FDA and our clients. Our work meets the highest standards of
control and reliability set by FDA and the pharmaceutical industry. As a cGMP
laboratory, our studies on drug substances and drug products (formulations) are routinely
submitted to FDA.

5. I obtained my Bachelor of Arts degree in chemistry from Oberlin College
in 1986 and my Ph.D. in chemistry from the University of Minnesota in 1991. My
doctoral research involved the synthesis and characterization of novel organic molecules.
My dissertation focused on understanding the reactivity of high-energy cyclopropane

molecules.

6. I was a postdoctoral fellow from 1992-1996 in the chemistry department
at Purdue University, where I furthered my understanding of the properties and reactivity
of organic molecules. These studies involved both small molecular weight molecules as

well as large biological molecules.

7. Following my postdoctoral fellowship, I worked as a research chemist at
Great Lakes Chemical Corporation. My research involved the identification,
characterization and development of new products for the company. In 2000, I became a
research investigator at SSCI, Inc. and in 2003, I became a senior research investigator.
In 2006, SSCI was acquired by Aptuit. SSCI now operates as an integrated division of
Aptuit. I currently hold the title of Director in the SSCI division of Aptuit.

8. Through my education and work experiences, I have obtained extensive

knowledge and training in chemistry with specific experience in the areas of organic
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chemistry and pharmaceutical sciences. I have authored or co-authored 22 publications
in peer reviewed scientific journals that are listed in the attached curriculum vitae
(Exhibit A). The most recent of these publications have involved scientific research that
is related to the properties of pharmaceuticals. I am the inventor or co-inventor of three
patented inventions granted by the United States Patent and Trademark Office. I have

given numerous scientific presentations at various technical meetings.

9. While at SSCI and Aptuit, I have worked on numerous projects providing
research and consulting services related to the development of new pharmaceutical
products. My scientific expertise has been applied to the characterization of drug
substances in both the solid state and in solution. For example, I have managed research
protocols involving the identification and selection of the appropriate crystalline forms of
a drug substance that are suitable for further development and commercialization. These
research protocols have included polymorph screening experiments, salt selection work,
cocrystal screening and studies of amorphous pharmaceuticals, among other areas. I have
worked with solid oral dosage forms and pharmaceuticals being developed for parenteral,

topical and transdermal dosage forms.

10.  Based upon my education and experience, I am qualified to conduct
chemistry experiments and perform analytical tests involving organic chemicals and
pharmaceuticals. In particular, I am qualified to perform the experiments and analyses
set out herein. All of this work was conducted by either myself, by those under my direct

supervision, or by qualified outside laboratories at my request and under my instruction.

11. My background and qualifications, and a complete list of my publications

are more fully set out in my curriculum vitae, attached as Exhibit A.

B. Compensation

12.  Thave no financial interest in the outcome of this matter. I am not
specially compensated for my work on this case, and receive my salary from my

employer.
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IL EXPERIMENTAL BACKGROUND

A. General Considerations

13. T have been asked by counsel for Teva to perform laboratory experiments
and analyses of samples of sitagliptin free base and sitagliptin phosphate salt. More
specifically, I have been asked to perform experiments designed to probe whether
sitagliptin could combine with phosphoric acid in a manner to produce a salt other than

sitagliptin dihydrogen phosphate.

14. T understand the chemical structure of sitagliptin base to be the structure
depicted in Figure 1.

F
F
NH, O
N
F k/N\/(
CF;
Figure 1: Structure of sitagliptin.
15. I understand phosphoric acid to have the molecular formula of H;POs4.
B. Materials Reviewed

16.  Ireceived from Teva two sample containers labeled Lot sal-069 and sal-
008,087, which I understand to contain approximately 10 and 20 grams of sitagliptin base,
respectively. Both samples were characterized by X-ray Powder Diffraction (XRPD).

The XRPD patterns obtained for these samples (attached as Exhibit B) confirmed that
the material is crystalline sitagliptin base, as disclosed in U.S. Patent Application Serial
No. 12/740,693 (specification filed April 30, 2010) (attached as Exhibit C). The XRPD
patterns for these materials were used as reference patterns in subsequent pH solubility

experiments.
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17.  In addition, the two samples of sitagliptin base were analyzed by proton
NMR spectroscopy and optical microscopy. These analyses are attached as Exhibit D.
The chemical shifts and the integration of the proton resonances in the NMR spectrum
indicate that the material is sitagliptin base. The NMR analysis also indicated that the
sample was acceptably pure to conduct the experiments described herein. The optical
microscopy images provide additional confirmation that the samples are crystalline due
the presence of birefringence and extinction when viewed under magnification using

polarized light.

18. I have also received from Teva two containers of material labeled lot no.
D-1895NN-13067/3 and lot no. D1895MM14084/2. The sample container labeled lot no.
D-1895NN-13067/3 contained approximately 10 grams of material that I understood to
be sitagliptin dihydrogen phosphate. This sample was characterized by proton NMR
spectroscopy, which confirmed the chemical identity of this material. In addition, it was
characterized by XRPD, which demonstrated that the sample is a crystalline solid. The
proton NMR spectra and XRPD patterns for lot no. D-1895NN-13067/3 are attached as
Exhibit E. Comparison of the XRPD pattern so obtained with XRPD data of known
solid forms of sitagliptin dihydrogen phosphate as disclosed in, inter alia, US
2010/0041885 Al (Exhibit F) and WO 2005/020920 (Exhibit G), confirmed that the
material in this vial is sitagliptin dihydrogen phosphate. The so obtained diffraction
pattern was used as a reference pattern for subsequent pH solubility experiments
described herein. In addition, this sample was analyzed by optical microscopy (images
attached as Exhibit H). The optical microscopy images provide additional confirmation
that the samples are crystalline due the presence of birefringence and extinction when

viewed under magnification using polarized light.

19.  The container labeled lot no. D1895MM14084/2 contains approximately
10 grams of material that I understand to be sitagliptin dihydrogen phosphate. 1 did not

use this sample in any testing conducted at Aptuit.

20. Phosphoric acid and other chemical reagents were obtained from

commercial suppliers and used as-received. As a cGMP-validated laboratory and in
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order to be in compliance with our standard operating procedures (SOPs), my laboratory
at Aptuit obtains Certificates of Analyses for all chemicals and reagents purchased from
its suppliers, and no expired reagents were used in the testing conducted for the work

described herein.

C. Materials Relied Upon

21.  Inreaching my opinions described herein, I relied on the documents
referenced herein. I also relied on my general knowledge and experience, as well as my
own scientific analyses. The opinions I express in this report are based on the

information and evidence currently available to me.

III.  SITAGLIPTIN SALT FORMATION EXPERIMENTS

22. I performed twelve salt formation experiments involving chemical
reactions between sitagliptin base (Figure 1) and phosphoric acid and analyzed the solid
products obtained from these reactions using a variety of techniques. The following

summarizes these experiments.

23.  The aforementioned twelve salt formation experiments were conducted by
varying common parameters used in screening for potential salts of pharmaceutical APIs.
These include the composition of the solvent, the temperature during the reaction and the
molar ratio of acid to base. Many of these experiments were a deliberate attempt to

obtain a phosphate salt other than a 1:1 adduct of sitagliptin and phosphoric acid.
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24. A tabular summary of the salt formation experiments conducted between

sitagliptin and phosphoric acid is given in Table 1.

Table 1: Salt Formation Experiments Conducted with Sitagliptin

Sample Notebook Ratio of

D No. APL:H,PO, Reaction Solvent Temperature
233140 4063-02-01 1.00:1.05 methanol ambient
233141 4063-03-01 1.00:2.10 methanol ambient
234636 4063-18-01 3.00:1.00 methanol ambient
233142 4063-04-01 2.04:1.00 methanol ambient
234584 4063-19-01 1.00: 5.01 methanol ambient

234874 4063-35-01 2.04:1.00 12.5 % water in methanol | ambient
234872 4063-34-01 1.00:1.05 12.5 % water in methanol | ambient
234873 4063-32-01 1.00:2.10 12.5 % water in methanol | ambient

235805 4063-50-01 1.00:2.10 methanol 0°C

235806 4063-51-01 2.04:1.00 methanol 0°C

235848 4063-56-01 1.00:2.10 methanol 65 °C

235849 4063-57-01 2.04 :1.00 methanol 65 °C

25.  Insome of these experiments an excess of sitagliptin base was used for the

purpose of promoting the formation of a stable salt species containing either two or three
molecules of sitagliptin for each molecule of phosphoric acid. As an example, for
Sample ID 233142 I attempted to prepare a species corresponding to the salt with the
formula (SG-H");HPO,* where “SG” corresponds to sitagliptin base (Figure 1). This

stoichiometry represents a 2:1 adduct of sitagliptin with phosphoric acid.

26.  Insome of these experiments an excess of phosphoric acid was used for
the purpose of attempting to promote formation of a stable salt species containing two or
more molecules of phosphoric acid for each molecule of sitagliptin. As an example, for
Sample ID 234873 I attempted to prepare a species corresponding to the salt with the
formula SG-H,?*(H,POy),. This stoichiometry represents a 1:2 adduct of sitagliptin with
phosphoric acid.

27.  For some experiments a slight excess of one of the reactants (either
sitagliptin base or phosphoric acid) based on the stoichiometry of the intended chemical

reaction was used. As an example, Sample ID 235805 was conducted with the intention
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of providing a 1:2 adduct of sitagliptin with phosphoric acid, e.g., SG-H,* (H,PO4 ).
This experiment involved the use of 2.1 equivalents of phosphoric acid which is a 5%
molar excess based on the intended stoichiometry. The motivation for using a slight

excess of one of the reactants is to drive the chemical reaction to completion.

28. In the salt formation experiments, the salts were isolated from their
solutions using common laboratory techniques as described below for each of the salt

formation experiments performed at Aptuit.

29.  Each of the twelve samples prepared at Aptuit during the salt formation
experiments was extensively characterized by a variety of analytical techniques to
determine the composition of the salt. The chemical identity and approximate purity of
the samples was evaluated using proton NMR spectroscopy. XRPD was used to
determine that crystalline products were obtained for each of the experiments. XRPD
was also used to determine whether the product is sitagliptin dihydrogen phosphate,
based on comparison with published XRPD data. Differential scanning calorimetry
(DSC) was also used to confirm crystallinity by the presence of melt endotherms in the
DSC plots for each of the samples, and to demonstrate that the samples are free of

substantial amounts of solvent and other volatile material.

30.  Each of the twelve samples prepared at Aptuit during the salt formation
experiments was also analyzed under my instruction and direction for carbon, hydrogen,
phosphorus and nitrogen content. The purpose of this testing was to determine the ratio
of sitagliptin to phosphoric acid in these samples and to obtain an indication of the
overall purity of the samples. Galbraith Laboratories (“Galbraith”) was hired by Aptuit
as a subcontractor laboratory for this testing. Galbraith is a contract research and services
laboratory which provides a variety of chemical testing services, including elemental
analysis, on a fee for service basis. Its facilities are periodically audited by the FDA to
ensure compliance with GMP regulations, and are also periodically audited by the Aptuit
quality assurance department to ensure cGMP compliance. Galbraith Laboratories is a

longstanding provider of testing services to SSCI and Aptuit. I have only had positive
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experiences with Galbraith in over ten years of using them as sub-contractor laboratory,

and consider the testing and data that Galbraith provides me as highly reliable.

31. A detailed description of the twelve salt formation experiments is provided
below. Furthermore, as shall be explained below, the various analytical data obtained
clearly show that despite the different conditions used in each experiment, all twelve of
the salt formation experiments resulted in sitagliptin dihydrogen phosphate, which is a
salt that results upon the combination of one molecule of sitagliptin for each molecule of
phosphoric acid. This salt is generated in solution by transfer of one proton (H") from

phosphoric acid to sitagliptin base.

A. Procedures For Salt Formation Experiments

32.  Given below are the specific procedures used in each of the twelve salt
formation experiments, observations made during the respective experiments, and
identification of the analyses conducted on the solids resulting from the respective

experiments.

33. Sitagliptin base : phosphoric acid (1.00 : 1.05) in methanol
(Sample 4063-02-01): Sitagliptin base (503.4 mg) was weighed into a 100 mL round
bottom flask. Methanol (5 mL) was added resulting in a clear, colorless solution. The
flask was placed in a water bath (T=22.0 °C). Phosphoric acid stock solution (1.298 mL
of 1.0M phosphoric acid in methanol) was added drop-wise with stirring. White solids
formed after approximately 15 minutes and were allowed to slurry for one day. The
solids were collected by vacuum filtration and allowed to air-dry. The solids were
analyzed by XRPD (file 398023), DSC (file 399011), TGA (file 398706), proton NMR
(file 400883) and elemental analysis (LIMS 233140).

34.  Sitagliptin base : phosphoric acid (1.00 : 2.10) in methanol
(Sample 4063-03-01): Sitagliptin base (502.3 mg) was weighed into a 100 mL round
bottom flask. Methanol (5 mL) was added resulting in a clear, colorless solution. The
flask was placed in a water bath (T=21.0 °C). Phosphoric acid stock solution (2.589 mL
of 1.0M phosphoric acid in methanol) was added drop-wise with stirring. White solids

Merck Exhibit 2225, Page 9
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
IPR2020-00040



formed after approximately 15 minutes and were allowed to slurry for one day. The
solids were collected by vacuum filtration and allowed to air-dry. The solids were
analyzed by XRPD (file 398024), DSC (file 399012), proton NMR (file 400888), and
elemental analysis (LIMS 233141).

35. Sitagliptin base : phosphoric acid (3.00 : 1.00) in methanol
(Sample 4063-18-01): Sitagliptin base (1000.3 mg) was weighed into a 100 mL round
bottom flask. Methanol (10 mL) was added resulting in a clear, colorless solution. The
flask was placed in a water bath (T=23.0 °C). Phosphoric acid stock solution (0.818 mL
of 1.0M phosphoric acid in methanol) was added drop-wise with stirring. The solution
remained clear and colorless for at least 4 hours. The sample was checked after
approximately 15 hours and white solids were observed. The solids were allowed to
shurry for approximately one day. The solids were collected by vacuum filtration and
allowed to air-dry. The solids were analyzed by XRPD (file 401165), DSC (file 401166),
proton NMR (file 401158), and elemental analysis (LIMS 234636).

36. Sitagliptin base : phosphoric acid (2.04 : 1.00) in methanol
(Sample 4063-04-01): Sitagliptin base (501.0 mg) was weighed into a 100 mL round
bottom flask. Methanol (5 mL) was added resulting in a clear, colorless solution. The
flask was placed in a water bath (T=21.0 °C). Phosphoric acid stock solution (0.603 mL
of 1.0M phosphoric acid in methanol) was added drop-wise with stirring. White solids
were observed after approximately 3 hours. The solids were allowed to slurry for
approximately one day. The solids were collected by vacuum filtration and allowed to
air-dry. The solids were analyzed by XRPD (file 398025), DSC (file 399013), proton
NMR (file 400891), and elemental analysis (LIMS 233142).

37. Sitagliptin base : phosphoric acid (1.00 : 5.01) in methanol
(Sample 4063-19-01): Sitagliptin base (499.9 mg) was weighed into a 100 mL round
bottom flask. Methanol (5 mL) was added resulting in a clear, coloriess solution. The
flask was placed in a water bath (T=22.0 °C). Phosphoric acid stock solution (1.230 mL
of 5.0M phosphoric acid in methanol) was added drop-wise with stirring. Slight turbidity

was noted after 3 hours 40 minutes. The solids were allowed to slurry for approximately

-10-
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one day. The solids were collected by vacuum filtration and allowed to air-dry. The
solids were analyzed by XRPD (file 401062), DSC (file 401063), proton NMR (file
401064), and elemental analysis (LIMS 234584).

38.  Sitagliptin base : phosphoric acid (2.04 : 1.00) in methanol and
approximately 12.5% water (Sample 4063-35-01): Sitagliptin base (750.4 mg) was
weighed into a 100 mL round bottom flask. Methanol (7 mL) was added resulting in a
clear, colorless solution. The flask was placed in a water bath (T=21.0 °C). Phosphoric
acid stock solution (1.002 mL of 0.9M phosphoric acid in water) was added drop-wise
with stirring. White solids were noted after 35 minutes. The solids were allowed to
slurry for approximately one day. The solids were collected by vacuum filtration and
allowed to air-dry. The solids were analyzed by XRPD (file 401683), DSC (file 401686),
proton NMR (file 401689), and elemental analysis (LIMS 2345874).

39. Sitagliptin base : phosphoric acid (1.00 : 1.05) in methanol and
approximately 12.5% water (Sample 4063-34-01): Sitagliptin base (500.8 mg) was
weighed into a 100 mL round bottom flask. Methanol (5 mL) was added resulting in a
clear, colorless solution. The flask was placed in a water bath (T=21.0 °C). Phosphoric
acid stock solution (0.716 mL of 1.8M phosphoric acid in water) was added drop-wise
with stirring. Slight turbidity was noted after 5 minutes. The solids were allowed to
slurry for approximately one day. The solids were collected by vacuum filtration and
allowed to air-dry. The solids were analyzed by XRPD (file 401681), DSC (file 401684),
proton NMR (file 401687), and elemental analysis (LIMS 234872).

40. Sitagliptin base : phosphoric acid (1.00 : 2.10) in methanol and
approximately 12.5% water (Sample 4063-32-01): Sitagliptin base (499.7 mg) was
weighed into a 100 mL round bottom flask. Methanol (5 mL) was added resulting in a
clear, colorless solution. The flask was placed in a water bath (T=21.0 °C). Phosphoric
acid stock solution (0.716mL of 3.6M phosphoric acid in water) was added drop-wise
with stirring. White solids were noted after approximately 2 hours. The solids were

allowed to slurry for approximately one day. The solids were collected by vacuum

-11 -
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filtration and allowed to air-dry. The solids were analyzed by XRPD (file 401682), DSC
(file 401685), proton NMR (file 401688), and elemental analysis (LIMS 234873).

41. Sitagliptin base : phosphoric acid (1.00 : 2.10) in methanol at 0 °C
(Sample 4063-50-01): Sitagliptin base (1004.6 mg) was weighed into a 100 mL round
bottom flask. The flask was placed in an ice-water bath (T=4.0 °C). Methanol (0 °C, 10
mL) was added resulting in a clear, colorless solution. Phosphoric acid stock solution
(5.179 mL of 1.0M phosphoric acid in methanol) was added drop-wise with stirring.
White solids were noted after approximately 45 minutes. The solids were slurried and
the solution was allowed to come to ambient temperature over approximately 4 hours.
The solids were collected by vacuum filtration and allowed to air-dry. The solids were
analyzed by XRPD (file 403327), DSC (file 403329), proton NMR (file 403325), and
elemental analysis (LIMS 235805).

42. Sitagliptin base : phosphoric acid (2.04 : 1.00) in methanol at 0 °C
(Sample 4063-51-01)): Sitagliptin base (1004.4 mg) was weighed into a 100 mL round
bottom flask. The flask was placed in an ice-water bath (T=0 °C). Methanol (0 °C, 10
mL) was added resulting in a clear, colorless solution. Pre-chilled phosphoric acid stock
solution (1.208 mL of 1.0M phosphoric acid in methanol) was added drop-wise with
stirring. Slight turbidity was noted after approximately 3.5 hours. The solids were
slurried for an additional 10 hours. The solids were collected by vacuum filtration and
allowed to air-dry. The solids were analyzed by XRPD (file 403328), DSC (file 403330),
proton NMR (file 403326), elemental analysis (LIMS 235806).

43. Sitagliptin base : phosphoric acid (1.00 : 2.10) in methanol under
reflux (Sample 4063-56-01): Sitagliptin base (1006.9 mg) was weighed into a 100 mL
round bottom flask. Methanol (9 mL) was added resulting in a clear, colorless solution.
The solution was heated to reflux (65 °C) in an oil bath with stirring. Phosphoric acid
stock solution (5.1912 mL of 1.0M phosphoric acid in methanol) was added drop-wise
with stirring. Immediate precipitation was observed. The solution was allowed to come
to room temperature at a rate of approximately 5 °C/hour prior to harvesting solids. The

solids were collected by vacuum filtration and allowed to air-dry. The solids were
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analyzed by XRPD (file 403551), DSC (file 403548), proton NMR (file 403553), and
elemental analysis (LIMS 235848).

44, Sitagliptin base : phosphoric acid (2.04 : 1.00) in methanol under
reflux (Sample 4063-57-01): Sitagliptin base (1004.8 mg) was weighed into a 100 mL
round bottom flask. Methanol (9 mL) was added resulting in a clear, colorless solution.
The solution was heated to reflux (65-70 °C) in an oil bath with stirring. Phosphoric acid
stock solution (1.2088 mL of 1.0M phosphoric acid in methanol) was added drop-wise
with stirring. Turbidity was noted after 15 minutes; white solids after a total of 30
minutes. The solution was allowed to come to room temperature at a rate of
approximately 5 °C/hour prior to harvesting solids. The solids were collected by vacuum
filtration and allowed to air-dry. The solids were analyzed by XRPD (file 403552), DSC
(file 403550), proton NMR (file 403554), and elemental analysis (LIMS 235849).

45.  For each of the twelve salt formation experiments described above, the
XRPD patterns are provided in Exhibit I, the NMR spectra are provided in Exhibit J,
and the DSC plots are provided in Exhibit K.' A summary of the elemental analyses for

the solids resulting from the salt formation experiments is provided in Exhibit L.

B. Results of the Salt Formation Experiments

46.  Based on the analytical data obtained in the salt formation experiments
(XRPD, proton NMR, DSC and elemental analysis), it is my conclusion that all twelve
salt formation experiments resulted in sitagliptin dihydrogen phosphate. I note that
elemental analysis and proton NMR provide information about the chemical content and
structure of the compound. Furthermore, XRPD and DSC data provide information about
the physical properties of the compound (crystalline form and melting temperature,
respectively). Based on all of the analytical data I conclude that the samples are
sitagliptin dihydrogen phosphate. The above conclusion is supported by the comparison
of the observed physical properties to the characteristic physical properties of sitagliptin
dihydrogen phosphate published in the literature.

! The TGA plot for Sample ID 233140 is also provided in Exhibit K.

-13-
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47.  Upon analysis of the XRPD patterns obtained on the twelve experimental
samples, it is my conclusion that all salt formation experiments resulted in known
crystalline forms or mixtures of known crystalline forms of sitagliptin dihydrogen
phosphate disclosed in US 2010/0041885 A1 and WO 2005/020920. Additional support
for the identification of these samples as crystalline solids was obtained from the DSC
analyses of the materials, which display a melt endotherm for the materials. The
chemical shift positions of the resonances and their corresponding integrated intensities

in the proton NMR spectra demonstrate that the salt formation experiment samples

prepared at Aptuit are sitagliptin dihydrogen phosphate. In addition, the NMR spectra for

these twelve samples match the spectrum obtained for the sitagliptin dihydrogen

phosphate sample obtained from Teva.

-14-
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48.  The elemental analyses of all twelve salt formation experiment samples

are conclusive for the generation of sitagliptin dihydrogen phosphate in these samples. It

is not possible for any of the samples to contain other than a 1:1 adduct of sitagliptin and

phosphoric acid, which is sitagliptin dihydrogen phosphate. This is because the relative

amounts of nitrogen and phosphorus in the ratio of 13.86/6.13 would be substantially

different for other stoichiometries of sitagliptin and phosphoric acid. Table 2, below,

provides theoretical values, the elemental analysis results, and the deviation between

measured and theoretical values.

Table 2: Elemental Analyses of Salt Formation Experiment Samples

Measured Values Deviation from Theory

I;gfebook js‘oll)j;?lzdt::lt:)z;'ature ¢ H N P c H N P
Theoretical n/a 38.03 359 |13.86 | 6.13 - - - -
4063-19-01 | 1:00:3:01; methanol; ambient 3772 | 367 | 1364 | 603 |-031 |008 |-022|-0.11
4063-18-01 3.00:1.00; methanol; ambient 3789 [3.64 |1371 [6.12 |-0.14 |0.05 |-0.15|-0.01
4063-02-01 1.00:1.05; methanol; ambient 3792 (343 1354 | 615 |[-0.11 |-0.16 |-0.32 | 0.02
4063-03-01 1.00:2.10; methanol; ambient 3776 | 347 | 1360 |597 |-027 |-0.12 |-0.26 | -0.16
4063-04-01 2.04:1.00; methanol; ambient 3778 | 341 | 1362 591 }-025 |-0.18 | -0.24 | -0.22
4063-50-01 1.00:2.10; methanol; 0 °C 3651 |3.62 |1356 |631 j-153 |[0.03 |-0.30]|0.18
4063-51-01 2.04:1.00; methanol; 0 °C 37.96 | 360 | 1408 | 578 | -0.08 0.00 } 0.22 | -0.35
4063-56-01 1.00:2.10; methanol; 65 °C 3764 [356 |1398 |592 |-039 |-0.03|0.12 }|-0.22
4063-57-01 2.04:1.00; methanol; 65 °C 37.87 (358 (1398 {585 (-016 {-0.01 {0.12 [-0.29
4063-34-01 1.00:1.05; methanol-water; ambient | 37.82 3.63 1396 | 6.22 | -0.21 0.04 |0.10 | 0.09
4063-32-01 1.00:2.10; methanol-water; ambient | 37.75 | 3.58 | 1397 [ 6.29 | -0.28 -0.01 | 0.11 {0.16
4063-35-01 2.04:1.00; methanol-water; ambient | 37.82 | 362 | 1391 [6.12 |-021 |0.03 |0.05 [-0.01

49, As can be readily seen from Table 2, above, all but one of the elemental

analysis values fall within +0.4% of the theoretical values for anhydrous sitagliptin

dihydrogen phosphate. A deviation within +£0.4% from the theoretical value is generally

considered to be an acceptable demonstration of compound purity by peer-reviewed
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scientific journals.? The agreement between the values obtained for the twelve samples is
remarkable when one considers that the products were crystallized from the reaction

mixture and air-dried. No additional purification or drying of the samples was performed.

50.  The carbon value for sample notebook no. 4063-50-01 deviated from
theory by -1.53%, and was the only elemental analysis value that deviated from theory by
more than +0.4%. The reason for this observed deviation is likely to be that the sample
contains minor amounts of inorganic and/or organic impurities. For example, the DSC
plot for this sample shows a lower onset of melting relative to the other eleven DSC plots,
which is consistent with the presence of minor amounts of inorganic and/or organic
impurities. However the agreement between the nitrogen and phosphorus experimental
values with the theoretical values for these elements along with the other analytical data
collected for this compound allows me to conclude that the sample notebook no. 4063-
50-01 is sitagliptin dihydrogen phosphate. In particular, the agreement between theory
and experiment for the nitrogen and phosphorus content for this sample is conclusive
evidence that there is a 1:1 molecular ratio of sitagliptin and phosphoric acid in this

sample.

51.  The elemental analysis results detailed in Table 2 above, which clearly
indicate a 1:1 ratio of sitagliptin and phosphoric acid, rule out the possibility that either a
1:2 (SG-H,** (H2POy)2) or a 2:1 ((SG-H");HPO,4*) adduct of sitagliptin with phosphoric
acid has been formed in any of the twelve salt formation experiments. Formation of
species SG-H,*' (HPO4%) is also readily excluded, inter alia, in view of the XRPD
patterns for the products of the twelve salt formation experiments, all of which
correspond to those of known crystalline forms, or mixtures of known crystalline forms,

of SG-H'(H,PO,), namely sitagliptin dihydrogen phosphate.

For example, the journal Chemical Communications published by the Royal Society of Chemistry
(RSC) requires the following for characterization of organic substances: “Elemental analysis (within
+0.4% of the calculated value) is required to confirm 95% sample purity and corroborate isomeric
purity.” www.rsc.org/Publishing/ReSourCe/AuthorGuidelines/JournalPolicy/CC/sect3.asp
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C. Conclusion Based On Salt Formation Experiments

52.  The experiments described above represent common and reasonable
attempts to deliberately obtain different possible molecular combinations of a basic API,
such as sitagliptin, and phosphoric acid. Even when either sitagliptin or phosphoric acid
was used in great excess, only sitagliptin dihydrogen phosphate resulted. Furthermore,
experiments conducted at sub-ambient and elevated temperature, and experiments
conducted in the presence of water, also only resulted in sitagliptin dihydrogen phosphate.
These experiments indicate that there is only one possible molecular ratio, a 1:1 ratio, that
will be present as a pharmaceutically suitable salt of sitagliptin and phosphoric acid,

namely sitagliptin dihydrogen phosphate.

IV. PHSOLUBILITY EXPERIMENTS

53.  The equilibrium solubility of a drug is defined as the concentration of the
drug in solution where the dissolution rate is in equilibrium with the rate of
recrystallization (of the same solid form). It is an important property to understand and
characterize in pharmaceutical development due to its impact on bioavailability (aqueous
solubility) and critical development issues such as chemical and physical stability of a

pharmaceutical salt.

54.  Aqueous solubility is dependent on many factors. For ionizable drugs,
compounds with molecular sites that can become ionized when exposed to acids or bases
of a given concentration, the intrinsic solubility in an aqueous solution is defined by the
solubility of the unionized form at a given temperature. It is also dependant on factors
such as the pH of the aqueous media (the acidity or basicity of the solution) in relation to
the pKa(s) of the ionization site(s) on the drug, the solid form of the material in

suspension (e.g., base, salt, hydrate etc.), and the ionic strength of the media.

55.  The pH solubility profile of an ionizable drug at equilibrium can be
calculated with knowledge of the intrinsic solubility and the pK,, of the drug.® For

For a detailed discussion of pH solubility theory see Pudipeddi ef al. In Handbook of Pharmaceutical
Salts Properties, Selection and Use; Stahl, C. D.; Wermuth, C. G. Eds.; Wiley-VCH, Zurich
Switzerland, 2002, Chapter 2 pp. 19-29. (Exhibit M).
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example, for a slightly soluble weak acidic electrolyte with a single pK,, the pH can be

expressed as follows:

56.

compound is the pHyq. At this pH value, the solution is saturated with the free base and

the salt form.*

HA(soIid) - HA(sol)
HA gy > A4 + H'

_[4H]
: [HA](SOI)

pK, = log[i—][il = 10g[H+]+log———[A I
[HA](sol) [HA](SOI)
H = pK_ +1 .
pia = pk, +log [HAL,, (Henderson-Hasselbalch equation)

An important parameter in the pH solubility relationship of a given

The equations for expressing the solubility of a weak base are given

below. See Exhibit M

where

S = total solubility of the species
S, = intrinsic solubility of the base
K, = acid dissociation constant

K, = solubility product of the salt

*  CfExhibit M at p. 23.
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57. At pH,.a both of the above solubility equations are equal to one another,

which can be used to derive an expression for pHy... based on the pK,, S,, and K,:

S,
H__=pK +1lo 2
pmax pa g‘JkS—p

58.  From the equations presented above, it can be seen that knowledge of the
solubilities of the base (S,) and salt (K;,) can be used along with the pK,, to construct a
theoretical pH solubility profile for the compound. However, experimentally determined
pH solubility curves may differ from the curve predicted by theory. Factors such as lack
of equilibrium due to slow dissolution, chemical degradation, or solid form change may
cause the experimental data to depart from the theoretically predicted curve. In addition,
factors such as ionic strength of the solution or a common ion effect may also cause a
measured curve to differ from theory. Nonetheless, knowledge K, pK, and S, for a
given system will allow one to calculate a pH solubility curve based on the equations

given above.

59.  According to a Merck submission during an opposition proceeding on
European Patent No. 1 654 263, the pK, value of sitagliptin free base is 7.7. See
Opposition of European Patent No. 1 654 263, February 19, 2007 submission by Merck
& Co., Inc., page 3 (Exhibit N). As mentioned above, this pK, value may be used in
combination with the solubility of sitagliptin phosphate (Ksp) and the free base (Sy) to

construct a theoretical pH solubility curve for sitagliptin.

60.  According to Merck, sitagliptin is chemically unstable in aqueous
solutions: See Exhibit N at p. 3; see also Declaration of Robert M. Wenslow, Jr., Ph.D.,
December 21, 2009, at paragraph 11 (Exhibit O). Therefore, for experimental solubility
values measured in water to be valid, it is important to consider the time for equilibration

versus degradation when conducting equilibrium solubility experiments.

61.  The pH solubility experiments performed at Aptuit, and their results, are

described in detail below.
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A. pKa Analyses
62.  Asmentioned above, the pK, for sitagliptin has been reported by Merck to
be 7.7. Given in Table 3 are the known pK, values for phosphoric acid.’

Table 3: pKa(s) and Species for Phosphoric Acid (H;PO,4)

Species pKa
H;PO, 2.12
H,PO, 7.21
HPO/” 12.67

63.  The pK, values for phosphoric acid indicate that phosphoric acid is a
strong enough acid to protonate sitagliptin to generate a dihydrogen phosphate salt. The
second pK, of phosphoric acid of 7.2 is slightly lower than the pK, of sitagliptin base.
However, a difference of approximately 0.5 units is not believed to be large enough for
the species H,PO4 to protonate sitagliptin base to generate a stable salt. Typically
differences in pK, on the order of 2 to 3 units between the acidic and basic species are
required to generate a stable salt. See e.g., Bastin et al., Salt Selection and Optimisation
Procedures for Pharmaceutical New Chemical Entities, Organic Process Research &
Development, 4(5), 427-35 (2000) (Exhibit Q) (stating that a pK,, difference of 3.0 is
necessary to generate a stable salt); Stahl and Wermuth, Wiley-VCH, Zurich Switzerland,
2002, Chapter 6, p. 138 (Exhibit R) (“Tong and Whitesell recommended that, for the
preparation of salt forms of a basic drug, the pK, of the acid used should be at least 2 pH
units lower than the pK, of the drug.”). Therefore, neither a 2:1 salt between sitagliptin

and phosphoric acid nor a 1:1 monohydrogen phosphate salt are expected to occur.

B. Experimental pH Solubility Values

64.  The solubilities of sitagliptin base and sitagliptin dihydrogen phosphate
were determined by slurrying these materials in water for approximately 24 hours. A
stability study was conducted which demonstrated that this time period is sufficient to

permit the solutions to become saturated with the material, but not too long to cause

5 CRC Handbook of Chemistry and Physics, 82™ Ed. David R. Lide Ed, 2001-2002. CRC Press Boca
Raton, FL (Exhibit P).
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degradation of the sitagliptin species. All samples were equilibrated at 25 °C, which is

the temperature corresponding to equilibrium solubility measurements.

65.  To provide confidence that equilibrium was achieved for these
measurements, two samples corresponding to sitagliptin base and sitagliptin phosphate
were initially equilibrated at 40 °C. This temperature would result in the solutions being
more concentrated than at their equilibrium solubility values at 25 °C. The samples were
then cooled to 25 °C and allowed to equilibrate for 3 hours. The solubility values
obtained for the two experiments conducted in this manner provide added confidence that

equilibrium was achieved for all experiments given in Table 4 as equilibrium was

approached from experiments involving both undersaturated and supersaturated solutions.
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66.

The average solubility of sitagliptin base (Sy) was found to be

approximately 6.6 mg/mL (n = 3) with the solutions achieving a pH of approximately 9.3

at equilibrium. For the equilibrium solubility of sitagliptin dihydrogen phosphate an

average value of ~ 93 mg/mL (n = 4) at an approximate pH of 4.1 was obtained. The

solubility of 93 mg/mL is expressed in terms of free base equivalents so that the

solubilities of the free base and salt may be compared directly. These experimental

values are presented in Table 4.

Table 4: Aqueous Solubility Values at 25 °C for Sitagliptin Base and Sitagliptin

Dihydrogen Phosphate
Solubility Solubility . . Solids
Sample No. pH (mg/ml) per (mg/ml) Slurry Time Star-tmg recovered
(hr) solids
base per salt after slurry
11 sitagliptin sitagliptin
4031-11-05 | 4.10 93.0 115 22 phosphate phosphate
oA sitagliptin sitagliptin
4031-24-01 | 4.13 88.6 110 24 phosphate phosphate
1. a sitagliptin sitagliptin
4031-11-07 | 4.16 94.5 117 22 phosphate phosphate
403127-05 | 4.18 94.4 117 24 sitagliptin sitagliptin
) ’ phosphate phosphate
4031-11-03 | 9.22 7.07 ; 2 sitagliptin sitagliptin
) ) base base
4031-24-03 | 933 6.42 . 24 sitagliptin | sitagliptin
’ ’ base base
4031-11-01 | 9.42 6.39 ) 2 sitagliptin sitagliptin
) ) base base

* 40 °C slurry for 19 hours then 25 °C for 3 hours
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67.  The measured solubility values for the free base and phosphate salt of
sitagliptin were used with the pK, value of 7.7 to derive the solubility curve shown in

Figure 2 using the solubility theory and equations presented above

pH solubility of sitagliptin

120
pH{max) = 6.6
100 '
A
— 80
)
£
En solubility curve
— @ Sitagliptin Base
z 60
= A Sitagliptin Phosphate
£
3 .
[=] .
2] 40 -
20
0 - .
1 2 3 4 5 6 7 8 9 10 11 12
pH

Figure 2: pH solubility curve for sitagliptin

68.  The calculated pH,,,, for sitagliptin from this analysis is 6.6. This value
along with the other features of the solubility profile indicate that sitagliptin will not form
a stable and isolable salt with phosphoric acid in aqueous media at pH values above 6.6.

This is indicated by rapid decrease in solubility of the species above this value.
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69.

Additional solubility data points for sitagliptin phosphate were collected in

aqueous media at pH values other than those listed in Table 4. To do this, solutions of

either sitagliptin base or sitagliptin phosphate in water were pH-adjusted by the addition

of either sodium hydroxide or phosphoric acid. The results of these experiments are

listed in Table 5.

Table 5: Aqueous Solubility Values for Sitagliptin Base and Sitagliptin Dihydrogen

Phosphate pH-Adjusted Experiments

Solubility Solubility . . Solids
Sample No. | pH (mg/ml) per (mg/ml) Slurry Time Sta.rtmg recovered
(hr) solids
base per salt after slurry

} sitagliptin sitagliptin
4031-24-02 | 1.51 157 195 24 phosphate phosphate
sitagliptin sitagliptin
4031-27-04 | 157 178 221 24 phosphate phosphate
40312703 | 232 116 144 24 sitagliptin | sitagliptin
phosphate phosphate
sitagliptin sitagliptin
4031-27-02 | 3.01 107 133 24 phosphate phosphate
sitagliptin sitagliptin
4031-30-02 | 341 103 127 24 phosphate phosphate
sitagliptin sitagliptin

4031-24-08 | 7.04 29.9 - 24 base base
sitagliptin sitagliptin

4031-24-07 1 5 96 10.3 - 24 base base
sitagliptin sitagliptin

4031-24-06 | 1y 5.74 - 24 base base
sitagliptin sitagliptin

4031-24-05 1 5 9 5.90 - 24 base base
sitagliptin sitagliptin

4031-24-04 1 18 241 - 24 base base
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70. A plot of the data points given in Table 4 and Table 5 along with the
theoretical pH solubility profile (Figure 3) shows that these additional solubility values
generally agree with the theoretical profile. However, there is disagreement at strongly
acidic pH values for the experimental data and predicted values. This is likely because
the highly concentrated solutions with extremely high ionic strengths no longer behave as

ideal solutions.

pH solubility of sitagliptin
200

180 X

160 %

solubility curve
M Sitagliptin Base
140 A Sitagliptin Phosphate

- X pH adjusted experiments
E 120 %
oo pH{max) = 6.6
(S X w
; 100
= *
S =0
o
v
60
40
20
Za¥ ra$
0 H
1 2 3 4 5 6 7 8 9 10 11 12

pH

Figure 3: Calculated pH solubility profile for sitagliptin and pH-adjusted solubility
values.

C. Conclusion of pH Solubility Experiments

71.  An experimental pH solubility profile for sitagliptin was collected and
compared to the theoretical profile based on experimental and literature data. It was
found to be in good agreement between pH 4 and 12. The pH max value obtained from
this profile of 6.6 indicates that a salt of sitagliptin phosphate will not be stable in a media
with a pH above 6.6. As a result, the second ionization of phosphoric acid is not

energetically favored to protonate sitagliptin base such that a stable and pharmaceutically
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acceptable salt could be isolated. Therefore, neither 2:1 adducts of sitagliptin and
phosphoric acid nor 1:1 monohydrogen phosphate salts are expected to be stable and

isolable species.

V. CONCLUSION

72.  The salt formation experiments performed on sitagliptin phosphate
encompassed a wide range of experimental conditions in deliberate attempts to prepare a
phosphate salt other than a 1:1 adduct of sitagliptin and phosphoric acid. None of these
experiments were successful in this regard, providing only crystalline sitagliptin
dihydrogen phosphate (1:1 adduct) as an isolable product. From these experiments alone,
I believe it is not possible to prepare any pharmaceutically suitable salt of sitagliptin with
phosphoric acid other than sitagliptin dihydrogen phosphate using common and standard

laboratory procedures.

73. Support for my conclusion that only a 1:1 salt of sitagliptin and
phosphoric acid is isolable can be found in the pH solubility studies that were conducted
in my laboratory. I found that the pH max for sitagliptin phosphate is about 6.6, which is
too low to facilitate the formation of a stable 2:1 salt between sitagliptin and phosphoric

acid.

74. My pH solubility studies demonstrated that even at low pH values near 1.0,
only sitagliptin dihydrogen phosphate can be isolated from solution. Therefore, it is not
possible for two molecules of phosphoric acid to bond to one molecule of sitagliptin base

to produce a 1:2 salt.

75.  In summary, it is my scientific opinion that the only possible outcome of
an experiment to obtain a stable and isolable salt (i.e., a pharmaceutically suitable salt)
involving sitagliptin and phosphoric acid is the generation of sitagliptin dihydrogen

phosphate.
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I hereby state and attest that all statements herein are based on my own

" information and belief, and are accurate to the best of my knowledge.

Date: 3- Avsus+-10\0 W 3‘ 60":1419

Leonard J. Chyall, Ph.D.
Director
Aptuit, Inc.
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Leonard J. Chyall, Ph.D.

3105 Cedar Lane, Lafayette, Indiana 47905 USA

Tel 765.463.0112 ext 3361 (work); Tel 765.448.1165 (residence)

Education

B.A. (Chemistry), 1986, Oberlin College, Oberlin, OH

Ph.D. (Chemistry), 1991, University of Minnesota, Minneapolis, MN

Postdoctoral Fellow, 1992-1996, Purdue University, West Lafayette, IN
Pharmaceutical Solids and Regulatory Affairs Short Course, Purdue University, 2001

Employment

2000-

1996-2000

Aptuit, Inc. (formerly SSCI, Inc.}, West Lafayette, Indiana

Director (August 2010 — present)

Principal (January 2007 — July 2010)

Senior Research Investigator (2003 - 2006)

Research Investigator (2000 - 2003)
Project manager and group leader for external client projects involving
various aspects of organic and analytical chemistry. These projects
involve the development of new products (primarily pharmaceuticals)
or providing scientific consulting to support patent litigation,
counterfeit analysis or tampering analysis projects. "

Great Lakes Chemical Corp., West Lafayette, Indiana

Research Chemist
Lead Scientist for a new technology development program in the
GLCC Corporate R&D division. Technology Coordinator for contract
research programs. Project Leader for a new product development
project in GLCC Polymer Additives R&D.

Representative Technical Skills

Analytical Chemistry Organic Chemistry
+ X-ray powder diffraction (XRPD) +  Synthetic chemistry
» Thermogravimetric analyses (TGA) o mg to kg scale laboratory reactions
+ Differential scanning calorimetry (DSC) o high pressure reactions
» Optical microscopy o air-sensitive procedures
+ Infrared (IR) and Raman spectroscopy ¢ Crystallization methods
» Moisture sorption/desorption analyses » Enantiomer Resolutions
+ NMR spectroscopy s Polymorph, salt and cocrystal screening
* Spectrophotometry and characterization
» Solubility and dissolution testing ¢ Analytical chromatography (HPLC and
» pH measurements and potentiometric TLC)
titrations

August-3-2010

» Preparative chromatography
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Publications

1.

10.

11.

12

13.

14.

August-3-2010

Park, A.; Chyall, L.; Dunlap, I.; Schertz, C.; Jonaitis, D.; Stahly, B.; Bates, S.;
Shipplett, R.; Childs S. New solid-state chemistry technologies to bring better drugs

to market: knowledge-based decision making. Exp. Opin. Drug Disc., 2007, 2(1),
145-154.

Lohani, S.; Zhang, Y.; Chyall, L. J.; Mougin-Andres, P.; Muller, F. X_; Grant, D. J.
W. Carbamazepine-2,2,2-trifluoroethanol (1/1). Acta Cryst. 2005, E61, 1310-1312.

Childs, S. L.; Chyall L. J.; Dunlap, J. T.; Smolenskaya, V. N.; Stahly B. C.; Stahly, G.
P. Crystal Engineering Approach to Forming Cocrystals of Amine Hydrochlorides
with Organic Acids. Molecular Complexes of Fluoxetine Hydrochloride with
Benzoic, Succinic, and Fumaric Acids. J. Am. Chem. Soc. 2004, 126, 13335-13342.

Childs, S. L.; Chyall L. J.; Dunlap, J. T.; Coates, D. A.; Stahly B. C.; Stahly, G.P. A
Metastable Polymorph of Metformin Hydrochloride: Isolation and Characterization
Using Capillary Crystallization and Thermai Microscopy Techniques. Crystal
Growth & Design 2004, 4, 441-449.

Chyall, L. J.; Tower, J. M.; Coates, D. A.; Houston, T. L.; Childs, S. L. Polymorph
Generation in Capillary Spaces: The Preparation and Structural Analysis of a
Metastable Polymorph of Nabumetone. Crystal Growth & Design 2002, 2, 505-510.

Morgan, A. B.; Harris, R. H., Jr.; Kashiwagi, T.; Chyall, L. I.; Gilman, J. W.
Flammability of polystyrene layered silicate (clay) nanocomposites: Carbonaceous
char formation. Fire and Materials 2002, 26, 247-253.

Hill, B. T.; Poutsma, J. C.; Chyall, L. I.; Hu, J.; Squires, R. R. Distonic ions of the
"Ate" class. J. Am. Soc. Mass Spectrom. 1999, 10(9), 896-906.

Gassman, P. G.; Han, S.; Chyall, L. J. Thermal rearrangement of trans-7,7-
dihalobicyclo[4.1.0]hept-3-enes. Tetrahedron Lett. 1998, 39(31), 5459-5462.

Poutsma, J. C.; Seburg, R. A.; Chyall, L. J.; Sunderlin, L. S.; Hill, B. T.; Hu, J;
Squires, R. R. Combining Electrospray Ionization and the Flowing Afterglow
Method. Rapid Commun. Mass Spectrom. 1997, 11, 489-493.

Chyall, L. J.; Squires, R. R. The Proton Affinity and Absolute Heat of Formation of
Trifluoromethanol. J. Phys. Chem. 1996, 100, 16435-16440.

Leeck, D. T; Li, R.; Chyall, L. J.; Kenttimaa, H. I. Homolytic Se-H Bond Energy
and Jonization Energy of Benzeneselenol, and the Acidity of the Corresponding
Radical Cation. J. Phys. Chem. 1996, 100, 6608-6611.

Chyall, L. J.; Squires, R. R. Determination of the proton affinity and absolute heat of

formation of cyclopropenylidene. Int..J. Mass Spectrom. lon Processes 1995,
1497150, 257-266.

Smith, R. L.; Chyall, L. J.; Beasley, B. J.; Kenttdimaa, H. I. The Site of Protonation of
Aniline. J. Am. Chem. Soc. 1995, 117,7971-7973.

Chou, P. K.; Smith, R. L.; Chyall, L. J.; Kenttdimaa, H. I. Reactivity of the Prototype
Organosulfur Distonic Ion: "CH,SH," J. Am. Chem. Soc. 1995, 117, 4374-4378.
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15. Chyall, L. J.; Kenttimaa, H. I. Gas-phase reactions of the 4-dehydroanilinium ion
and its isomers. J. Mass Spectrom. 1995, 30, 81-87.

16. Chyall, L.. J.; Byrd, M. H. C.; Kenttimaa, H. I. Reactions of the Charged Radical
(CH3),S™-CH;" with Cyclic Alkenes. J. Am. Chem. Soc. 1994, 116, 10767-10772.

17. Chyall, L. J.; Brickhouse, M. D.; Schnute, M. E.; Squires, R. R. Kinetic versus
Thermodynamic Control in the Deprotonation of Unsymmetrical Ketones in the Gas
Phase. J. Am. Chem, Soc, 1994, 116, 8681-8690.

18. Chyall, L. J.; Kenttdmaa, H. I. The 4-Dehydroanilinium Ion: a Stable Distonic
Isomer of Ionized Aniline. J. Am. Chem. Soc. 1994, 116, 3135-3136.

19. Smith, R. L.; Chyall, L. I; Stitk, K. M.; Kenttiimaa, H. I. Radical-type reactivity of

the methylenedimethylsulfonium ion, (CH3),S™-CH;" Org. Mass Spectrom. 1993, 28,
1623-1631.

20. Smith, R. L.; Chyall, L. I.; Chou, P. K.; Kenttimaa, H. I. The Acyclic Distonic

Isomer of lonized Cyclopentanone: *CH,CH,CH-CH,CO" J. Am. Chem. Soc. 1994,
116, 781-782.

21. Mlinaric-Majerski, K.; Vinkovic, V.; Chyall, L. I.; Gassman, P. G. Deuterium
isotope effects on nuclear shielding. Cross-ring effects in rigid cyclic molecules.
Magn. Reson. Chem. 1993, 31, 903-905.

22. Brickhouse, M. D.; Chyall, L. J.; Sunderlin, L. S.; Squires, R. R. Kinetics of isobaric
ion/molecule reactions determined by the flowing afterglow-triple quadrupole
technique. Rapid Commun. Mass Spectrom. 1993, 7, 383-391.

Patents

1. Chyall, L.J.; Hodgen, H. A.; Vyverberg, F. J.; Chapman, R. W. Intumescent
Polymer Compositions. US 6,905,693 (June 14, 2005).

2. Chyali, L. J.; Hodgen, H. A.; Vyverberg, F. J.; Chapman, R. W.; Chou, P. K.
Intumescent Polymer Compositions. US 6,632,442 B1 (October 14, 2003).

3. Robin, M. L.; Mazac, C. J.; Chyall, L. J.; Kleindl, P. Bromine-containing 1,2-
bis(phenyl)difluoromethanes and method of imparting flame retardancy to flammable
materials. US 6,348,633 (February 19, 2002).

Papers Presented

1. "Crystallization Studies of Nabumetone: Preparation and Characterization of a
Novel, High-Energy Polymorph." Chyall, L. I.; Tower, J. M.; Coates, D. A.; Houston,
T.L, 223" National Meeting of the American Chemical Society, Orlando, FL., April
7-11, 2002: Abstract [EC 268

2. "The Synthesis and Properties of 7,7-Dichloro-frans-bicyclo-[4.1.0]-hept-3-ene." P.
G. Gassman and L. J. Chyall, 22" Great Lakes Regional Meeting of the American
Chemical Society, Duluth, MN, May 31-June 2, 1989: Abstract 98.
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3. "The Synthesis and Thermal Isomerization of 7,7-Dihalo-trans-bicyclo-[4.1.0]-hept-
3-enes." P.G. Gassman and L. J. Chyall, 201* National Meeting of the American
Chemical Society, Atlanta, GA, April 14-19, 1991: Abstract ORGN 228.

4. '"Free Radical Rearrangements of Dihalo-trans-bicyclo-[4.1.0]-hept-3-enes.” P. G.
Gassman and L. J. Chyall, 32" National Organic Chemistry Symposium, University
of Minnesota, Minneapolis, MN, June 16-20, 1991: Abstract B-65.

5. "Kinetic Versus Equilibrium Control in the Deprotonation of Unsymmetrical Ketones
in the Gas Phase." L.J. Chyvall. M. D. Brickhouse, M. E. Schnute, and R. R. Squires,
205" National Meeting of the American Chemical Society, Denver, CO, March 28-
April 2,1993: Abstract ORGN 29.

6. "Ion-Molecule Chemisiry of the Methylene Dimethylsulfonium Ion: A Novel Alpha-
Distonic fon." L. J. Chyall, R. L. Smith, K. M Stirk, and H. I Kenttimaa, 41 ASMS
Conference on Mass Spectrometry, San Francisco, CA, May 30-June 4, 1993:
Abstract MOD 12:10

7. "Radical-Type Reactivity of Distonic Ions: The 4-Dehydroanilinium Ion." L. J.
Chyall and H. I Kenttidmaa, 208™ National Meeting of the American Chemical
Society, Washington, DC, August 21-25, 1994: Abstract ORGN 404.

8. "Astrophysical Thermochemistry: The Heats of Formation of C3H; Isomers." L. J.
Chyall and R. R. Squires, 43" ASMS Conference on Mass Spectrometry, Atlanta,
GA, May 21-26, 1995: Abstract WOE 11:50.

Invited Lectures

1. “Environmentally Friendly Fire Suppression Technology.” Department of Chemistry,
Purdue University, West Lafayette, IN. April 8, 1997.

2. “The Proton Affinity and Absolute Heat of Formation of Trifluoromethanol.” Joint

Institute Laboratory for Astrophysics, University of Colorado, Boulder, CO. March
1, 1996.

3. “Understanding the Atmospheric Fate of Hydrofluorocarbons: Thermochemisty of
Trifluoromethanol.” Aeronomy Laboratory, National Oceanic and Atmospheric
Administration, Boulder, CO. February 29, 1996.

Dissertation

Chyall, L. J. The synthesis and thermal rearrangements of 7,7-dibromo-trans-
bicyclo[4.1.0}hept-3-ene and 7,7-dichloro-frans-bicyclo[4.1.0]hept-3-ene. (1991) 192
pp. Avail.: Univ. Microfilms Int., Order No. DA9209417 From: Diss. Abstr. Int. B 1992,
52(10), 5264.
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A PROCESS FOR THE PREPARATION OF R-SITAGLIPTIN AND ITS
PHARMACEUTICALLY ACCEPTABLE SALTS THEREOF

PRIORITY

[0001] This application is a 35 U.S.C. 371 National Stage Filing of International
Application No. PCT/IN2008/000707, filed October 27, 2008, which claims priority
under 35 US.C. 119 (a-d) to IN 2190/MUM/2007 filed on November 2, 2007, the

contents of which are incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Technical field
[0002] The present invention relates to a novel process for the preparation of R-

sitagliptin and its pharmaceutical acceptable salts thereof. The present invention also
provides structurally novel intermediates useful in the disclosed process, a

pharmaceutical composition and a method of treating Type-2-diabetes.

2. Description of the Related Art
[0003] R-sitagliptin is commonly available as sitagliptin phosphate, 7-[(3R)-3-amino-1-
ox0-4-(2,4,5-trifluorophenyl)butyl]-5,6,7,8-tetrahydro-3-(trifluoromethyl)-1,2.4-
triazolo[4,3-a]pyrazine phosphate (1:1) monohydrate, and has the following structural

formula:

[0004] Sitagliptin phosphate is an orally administered dipeptidyl peptidase-4 (DPP-4)
inhibitor. Sitagliptin has been developed for the treatment of Type-2-diabetes and is
available in the market under the brand name JANUVIA® as tablets in the dosage
strengths of 25, 50, or 100 mg equivalent base.

[0005] International Patent Publication W02004087650 describes a process for the

preparation of sitagliptin via benzyloxy protected tetrazolylpyrazine intermediate.
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[0006] International Patent Publication W(02004085661 describes a process for the
preparation of enantiomerically enriched sitagliptin via (S)-phenylglycine amide
protected tetrazolyl pyrazine intermediate,

[0007] US PG Publication US20080058522 describes a process generically for the
preparation of sitagliptin and its pharmaceutically acceptable salts using specific chiral
bisphosphine ligands.

[0008] International Patent Publication W(02006081151 describes a process generically
for the preparation of sitagliptin and its pharmaceutically acceptable salts using rhodium
metal precursor complexed to a ferrocenyl diphosphine ligand.

[0009] US PG Publication US20060194977 describes a process for the preparation of
Enantiomerically enriched sitagliptin using specific chiral ferrocenyl diphosphine
ligands.

[0010] US Patent No. 6,699,871 describes various DPP-4 inhibitors including sitagliptin
and their pharmaceutically acceptable salts, a pharmaceutical composition and method of

treatment and a process for the preparation of sitagliptin hydrochloride as follows:
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[0011] The aforementioned processes involve reactions that use specific chiral ligands or
a stereo specific/stereoselective reduction process with specific stereoselective reducing
agents, which are expensive and may not be commercially available, which may
subsequently render the processes unsuitable on commercial scale.

[0012] Hence, there is a need for an improved process for the preparation of R-sitagliptin
or its pharmaceutically acceptable salts which alleviates the problems associated with

aforementioned processes as referred above.
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[0013] The process of the present invention provides a process which is simple,

ecofriendly, inexpensive, reproducible, robust and well suited on commercial scale.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a process for the preparation of R-sitagliptin and

its pharmaceutically acceptable salts thereof.

[0015] In one aspect, the present invention relates to a process for preparing R-sitagliptin

of formula [Ia]

NH, O

[Ia]
or a pharmaceutically acceptable salt thereof , comprising:

(a) resolving racemic sitagliptin of formula III
F

(1)

(I
where X is the chiral acid; and

b) converting the salt of the chiral acid and R-sitagliptin to R-sitagliptin of Formula [Ia]

or a pharmaceutically acceptable salt thereof.
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[0016] In a second aspect, the present invention relates to a process for the preparation of
racemic sitagliptin of formula [III] comprising:
a) reduction of 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-alpyrazin-

7(8H)-y1]-1-(2,4,5-trifluorophenyl)but-2-en-2-amine compound of Formula [TV]
F

[1v]
with a reducing agent in the presence of organic solvent to give the racemic sitagliptin

compound of Formula 1.

[0017] In a third aspect, the present invention relates to an alternate process for the
preparation of racemic sitagliptin of formula [1II] comprising:

a) reaction of 3-oxime-1-[3-(trifluoromethyl)-5,6,7.8-tetrahydro[1,2,4]triazolo [4,3-

a]pyrazin-7-y1]-4-(2,4,5-triflucrophenyl)butan-1-one compound of Formula [IVa]
F

OH
F N o
F N
\<CF3
[IVa]

with a reducing agent in an organic solvent.
[0018] In a fourth aspect, the present invention relates to a to a process for preparing R-

sitagliptin of formula {Ia]

NH, ©O
Nzﬁﬁw\
F K/N /"
\<CF3
[Ia]
comprising :
5
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a) chiral reduction of -compound  3-oxime-1-[3-(trifluoromethyl)-5,6,7,8-
tetrahydro[ 1,2,4]triazolo[4,3-a]pyrazin-7-y1}-4-(2,4,5 -trifluorophenyl)butan-1-one of
Formula [IVa]}

5 [IVa]
with a chiral reducing agent in the presence of an organic solvent.

[0019] In a fifth aspect, the present invention relates to a process for the preparation of 3-
oxime- 1-[3-(trifluoromethyl)-5,6,7,8-tetrahydro[ 1,2,4}triazolo[4,3-a]pyrazin-7-yl]-4-
(2,4,5-trifluorophenyl)butan-1-one of Formula [[Va]

10

(IVa)

comprising:
a) reaction of 4-(2,4,5-trifluorophenyl)-3-oximebutanoic acid compound of Formula
15 [VHa}

E OH
OH

[VIIa)
with 3-(trifluoromethyl)-5,6,7,8-tetrahydro[ 1,2,4]triazolo[4,3-a]pyrazine compound of
formula [V1] or salt thereof,
20
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(vl

in the presence of a coupling reagent and an organic solvent.

[0020] In a sixth aspect, the present invention provides R-sitagliptin or its
pharmaceutically acceptable salt thereof having less than 0.15% by weight of the
corresponding (S)-enantiomer by chiral HPLC.

[0021] In a seventh aspect, the present invention provides R-sitagliptin dibenzyl-L-

tartrate of formula II

Nk ©
N/ﬁ'/’ N,
F K/N Vox
<,
(1)

where X is dibenzyl-L-tartaric acid.

[0022] In an eighth aspect, the present invention provides R-sitagliptin dibenzyl-L-
tartrate of formula II obtained by the process of the present invention having an X-ray
powder diffraction (XRPD) pattern with reflections at about: 6.5, 7.4, 10.9, 12.8, 14.9,
17.4,17.9, 19.2, 21.5, 22.4, and 23.7 + 0.2 degrees 2 theta.

[0023] In a ninth aspect, the present invention provides R-sitagliptin dibenzyl-L-tartrate
of formula IT obtained by the process of present invention having an XRPD pattern which
is substantially in accordance with Fig. 1.

[0024] In a tenth aspect, the present invention provides R-sitagliptin dibenzyl-L-tartrate
of formula II obtained by the process of present invention having a differential scanning
calorimetry (DSC) thermogram with sharp endotherm at about 176.73°C with onset at
about 171.49°C and endset at about 176.73°C.

[0025] In an eleventh aspect, the present invention provides R-sitagliptin dibenzyl-L-
tartrate of formula II obtained by the process of the present invention having a DSC
thermogram which is substantially in accordance with Fig. 2.

[0026] In a twelfth aspect, the present invention provides R-sitagliptin of formula Ia
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obtained by the process of the present invention having an X-ray powder diffraction
(XRPD) pattern with reflections at about: 7.3, 17.6, 18.8, 21.2, 21.5, 22.4, 24.1, 24.4,
24.7,27.0, and 28.7 + 0.2 degrees 2 theta.

[0027] In a thirteenth aspect, the present invention provides R-sitagliptin of formula la
obtained by the process of the present invention having an XRPD which is substantially
in accordance with Fig. 3.

[0028] In a fourteenth aspect, the present invention provides R-sitagliptin of formula la
obtained by the process of the present invention is having a differential scanning
calorimetry (DSC) thermogram with sharp endotherm at about 117.66 °C with onset at
about 116.37°C and endset at about 119.58°C.

[0029] In a fifteenth aspect, the present invention provides R-sitagliptin of formula Ia
obtained by the process of the present invention having a DSC thermogram which is
substantially in accordance with Fig. 4.

[0030] In a sixteenth aspect, the present invention provides a pharmaceutical composition
comprising sitagliptin or its pharmaceutically acceptable salts obtained by the processes

of the present invention and at least a pharmaceutically acceptable carrier.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] Fig. 1: Shows a powder X-ray diffraction pattern of R-sitagliptin dibenzyl-L-

tartrate of Formula II as prepared by example Sc.

[0032] Fig. 2: Shows a Differential scanning calorimetry (DSC) of R-sitagliptin
dibenzyl-L- tartrate of Formula II as prepared by example Sc.

[0033] Fig. 3: Shows a powder X-ray diffraction pattern of R-sitagliptin of Formula Ia as
prepared by example 6.

[0034] Fig. 4: Shows a Differential scanning calorimetry (DSC) of R-sitagliptin of

Formula Ia as prepared by example 6.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The present invention provides a process for preparing R-sitagliptin of formula

(1]
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[1a]
or a pharmaceutically acceptable salt thereof , comprising:

(2) resolving racemic sitagliptin of formula III

E
F
NH; ©O
N/\fN\
F K/N\<N
5 CF3

(1)

with a chiral acid to obtain a salt of the chiral acid and R-sitagliptin of formula II,
F

NH, ©
N/\féN\N
F k/N 4 X
\<CF3
a5

10 where X is chiral acid, and
b) converting the salt of the chiral acid and R-sitagliptin to R-sitagliptin of Formula [Ia]
or a pharmaceutically acceptable salt thereof. |
[0036] The chiral acid that can be used for resolution of racemic sitagliptin is selected
from the group of S-(+) mandelic acid, R-(-) mandelic acid, L-(+)tartaric acid, D-(-)

15  tartaric acid, (-)-dibenzoyl-L-tartaric acid, (-)-dibenzoyl-L-tartaric acid monohydrate,
(+)-dibenzoyl-D -tartaric acid, (+)-dibenzoyl-D -tartaric acid monohydrate, (+)-dipara-
toluoyl-D-tartaric acid, (+)-dipara-toluoyl-D-tartaric acid monohydrate, (-)-dipara-
toluoyl-D-tartaric acid, (-)-dipara-toluoyl-D-tartaric acid monohydrate, (1R)-(-)-10-
camphorsulfonic acid, and (1S)-(+)-10-camphorsulfonic acid. Preferably the chiral acid

20  used is (-)-dibenzoyl-L-tartaric acid.
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[0037] The organic solvent that can be used is selected from the group of alcohols such
as methanol, ethanol, isopropyl alcohol and the like; ketones such as acetone, ethyl
methyl ketone, methyl isobutyl ketone and the like; nitriles such as acetonitrile,
propiocnitrile and mixtures thereof or their aqueous mixtures. Preferably the solvent used
is methanol.

[0038] The resolution process can be carried out at temperature range of about 0°C to
about 100°C or reflux temperatures of the solvents used. Preferably from about 20°C to
about 70°C.

[0039] The molar equivalents of chiral acid used can be from about 0.5 to about 10 moles
per moles of the racemic sitagliptin of formula III. Preferably 1:1 ratio of chiral acid and
racemic sitagliptin is used.

[0040] The base that can be used is selected from the group of inorganic bases such as
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, sodium methoxide, potassium methoxide and the
like; organic bases such as liguid ammonia, triethylamine, diisopropylethylamine,
pyridine and the like; aqueous or alcoholic mixtures thereof. Preferably aqueous sodium
hydroxide.

[0041] The molar equivalents of base used can be from about 0.5 to about 10 moles per
mole of the racemic sitagliptin of formula III. Preferably 1:1 ratio of base and racemic
sitagliptin is used.

[0042] The present invention provides a process for the preparation of racemic sitagliptin
of formula [TIT] comprising:

a) reducing 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a] pyrazin-

7(8H)-y1]-1-(2,4,5-trifluorophenyl)but-2-en-2-amine compound of Formula [TV]
F

[IV]

10
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with a reducing agent in the presence of organic solvent to give the racemic sitagliptin
compound of Formula II1.

[0043) The reducing agents that can be used is selected from the group Raney nickel,
palladium carbon, platinum, platinum dioxide, sodium borohydride, sodium triacetoxy
borohydride, sodium cyanoborohydride, lithium aluminium  hydride(LAH}),
diisobutylaluminium hydride (DIBAL-H), sodium bis(2-methoxyethoxy)aluminium
hydride, tributyltin hydride, triethylsilane and the like. Preferably the reducing agent used
is sodium cyanoborohydride.

[0044] The organic solvent that can be used is selected from the group of alcohols such
as methanol, ethanol, isopropyl alcohol and the like; ketones such as acetone, ethyl
methyl ketone, methyl isobutyl ketone and the like; nitriles such as acetonitrile,
propionitrile and mixtures thereof or their aqueous mixtures. Preferably the solvent used
is methanol.

[0045] The resolution process can be carried out at temperature range of about 0°C to
about 100°C or reflux temperatures of the solvents used, preferably from about 20°C to
about 70°C.

[0046] The molar equivalents of reducing agent used can be from about 0.25 to about 10
moles per mole of racemic sitagliptin of formula III, preferably 1:1 ratio of reducing
agent and racemic sitagliptin is being used.

[0047] The present invention further provides an alternate process for the preparation of
racemic sitagliptin of formula [TII] comprising:

a) reaction of 3-oxime-1-[3-(trifluoromethyl)-5,6,7,8-tetrahydro[1,2,4]triazolo[4,3-
a]pyrazin-7-yl}-4-(2,4,5-trifluorophenyl)butan-1-one compound of Formula [IVa]

F
N o}
N = N\
N
CFq
[IVa]

with a reducing agent in an organic solvent.
[0048] The reducing agents that can be used is selected from the group of Raney nickel,

palladium carbon, platinum, platinum dioxide, sodium borohydride, sodium triacetoxy
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borohydride, sodium cyanoborohydride, lithium aluminium hydrde (LAH),
diisobutylaluminium hydride (DIBAL-H), sodium bis(2-methoxyethoxy)aluminium
hydride, tributyltin hydride, triethylsilane and the like. Preferably the reducing agent used
is palladium carbon.

[0049] The organic solvent that can be used is selected from the group of alcohols such
as methanol, ethanol, isopropyl alcohol and the like; ketones such as acetone, ethyl
methyl ketone, methyl isobutyl ketone and the like; nitriles such as acetonitrile,
propionitrile and mixtures thereof or their aqueous mixtures, Preferably the solvent used
1s methanol.

[0050] The resolution process can be carried out at temperature range of about 20°C to
about 100°C or reflux temperatures of the solvents used, preferably from about 20°C to
about 70°C.

[0051] The molar equivalents of reducing agent used can be from about 0.25 to about 10
moles per mole of the racemic sitagliptin of formula III, preferably 1:1 ratio of reducing
agent and racemic sitagliptin is being used.

[0052] The present invention also provides an alternate process for preparing R-

sitagliptin of formula [Ia]

[1a]
comprising:
a) chiral reduction of compound  3-oxime-1-[3-(trifluoromethyl)-5,6,7,8-
tetrahydro[ 1,2,4]triazolo[4,3-a]pyrazin-7-y1]-4-(2,4,5-trifluorophenyl)butan-1-one of
Formula [TVa]
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N =
/\r N\N
F
k/N V4
\<CF3
[Iva]

with a chiral reducing agent in the presence of an organic solvent.

[0053] The chiral reducing agents that can be used is selected from the group of Borne-
THF complex with chiral Auxiliaries of ephedrine derivatives such as L-(-)-
norephedrine , (1R2R)-(~)-pseudoephedrinepropionamide (S)-1- methyl-3,3-diphenyl-
tetrahydro-pyrrolo[1,2¢][1,3,2]oxazaborole, and (§)-(-)-4- isopropyl-3,5-diphenyl-2-
oxazolidinone and the like, preferably L-(—)-norephedrine.

[0054] The organic solvent that can be used is selected from the group of alcohols such
as methanol, .f-:thanol, isopropyl alcohol and the like; ketones such as acetone, ethyl
methyl ketone, methyl isobutyl ketone and the like; nitriles such as acetonitrile,
propionitrile and mixtures thereof or their aqueous mixtures. Preferably the solvent used
is methanol.

[0055] The reduction process can be carried out at temperature range of about 30°C to
about 100°C or reflux temperatures of the solvents used, preferably from about 60°C to
about 70°C.

[0056] The molar equivalents of chiral reducing agent used can be from about 0.25 to
about 10 moles per mole of the compound of formula [Va, preferably 1:1 ratio of
reducing agent and compound of formula IVa is being used.

[0057} In embodiment of the present invention, there is provided a process for the
preparation  of  3-oxime-1-[3-(trifluoromethyl)-5,6,7,8-tetrahydro[ 1,2,4]triazolo[4,3-

a]pyrazin-7-yl}-4-(2,4,5-triflucrophenyl)butan-1-one of Formula [IVa]
F

F ,OH
N O
F K/N\./<
CFa
13
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[IVa]

comprising:
a) reaction of 4-(2,4,5-trifluorophenyl)-3-oximebutanoic acid compound of Formula
[VIIa]

OH

[VIIa]
with 3-(trifluoromethyl)-5,6,7,8-tetrahydro[1,2,4]triazolo[4,3-a]pyrazine compound of

formula [VT] or salt thereof,

(v
in the presence of a coupling reagent and an organic solvent.
[0058] The coupling agent that can be used is selected from the group of benzotriazole-1-
yl-oxy-tris(dimethylamino)phosphoniumhexafluoro-phosphate (BOP),N,N'-
dicyclohexylcarbediimide (DCC), 1-hydroxibenzotriazol anhydrous(HOBt), N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide (EDC) and the like. Preferably the coupling
agent used is 1-hydroxibenzotriazol anhydrous (HOBt).
[0059] The organic solvent that can be used is selected from the group of ethers such as
diethyl ether, diisopropy! ether, tetrahydrofuran and the like; halogenated solvents such
as methylene chloride, ethylene dichloride, chloroform and the like; alcohols such as
methanol, ethanol, isopropyl alcohol and the like; hydrecarbon solvents such as n -
hexane, n-heptane, cyclohexane, toluene and the like; or mixtures thereof. Preferably the
solvent used is toluene.
[0060] The process can be carried out at temperature range of about 30°C to about 150°C

or reflux temperatures of the solvents used, preferably from about 100°C to about 110°C.

14

Merck Exhibit 2225, Page 53
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
IPR2020-00040



[0061] The R-sitagliptin or its pharmaceutically acceptable salt thereof of the present

invention may have less than 0.15% by weight of the corresponding (S)-enantiomer by

chiral HPLC.

[0062] The present invention further provides R-sitagliptin dibenzyl-L-tartrate of formula
5 1I

(]

where X is dibenzyl-L-tartaric acid.
{0063} In yet another embodiment, the present invention provides a process for preparing

10 sitagliptin phosphate of formula I, as shown in Scheme 1.
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¢) allowing the obtained R-sitagliptin racemate which is enriched in (R) enantiomer to
mix with methanol,

d) removing the precipitate;

e) recovering from the mother liquid the optically substantially pure R-sitagliptin by
crystallization.

[0067] The mother liguor from resolution step or the mother liquor from each
recrystallisation, is enriched with (S)-sitagliptin. (S)-sitagliptin present in one or more of
these liquors, or the pooled liguors, may be converted into racemic sitagliptin for reuse in
a process according to the present invention substantially as hereinbefore described.
[0068] A further preferred aspect of a process according to the present invention
comprises:

(2) resolving racemic sitagliptin with a chiral acid and obtaining a mother liquor enriched
in (S)-sitagliptin;

(b) converting (8)-sitagliptin obtained from (a) to racemic sitagliptin; and

(¢) if desired, employing racemic sitagliptin obtained from (b) in a process according to
the present invention substantially as hereinbefore described.

[0069] Suitably, one or more mother liquors obtained from a process as described above,
or pooled such mother liquors, may be treated with a base to remove any residual chiral
acid and to thereby afford the free base enriched in (S)-sitagliptin. The free base can then
be converted to the racemate, typically by reflux in a suitable solvent for several hours,
optionally in the presence of a suitable acid for example HCI or a base for examples
NaOH, which racemate can then be recycled for use in a process according to the present
invention substantially as hereinbefore described.

[0070] The term "optically substantially pure" means here optical purity over about 90%,
preferably over 95%, and more preferably over 99%, expressed as the percent
enantiomeric excess. The terms "resolve” and "resolution” are intended to compass the
complete or partial separation of the two optical enantiomers.

[0071] The crystalline diastereomeric salt can be filtered and the free base liberated by
basifying the salt with e.g, potassium carbonate solution or ammonia. The mother liquid

can be recovered after filtering and be further treated in order to recover the enantiomer
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which was not previously removed by precipitation. The treatment may comprise cooling
the mother liquid and recovering the resulting crystalline diastereomeric salt.

[0072] R-sitagliptin dibenzyl-L-tartrate of formula II obtained by the process of present
invention having an X-ray powder diffraction (XRPD) pattern with reflections at about:
6.5,7.4,10.9,12.8,14.9,17.4,179,19.2,21.5,22 4, and 23.7 + 0.2 degrees 2 theta.
[0073] The R-sitagliptin dibenzyl-L-tartrate of formula II obtained by the process of
present invention may have an XRPD pattern which is substantially in accordance with
Fig. 1.

[0074] R-sitagliptin dibenzyl-L-tartrate of formula II obtained by the process of the
present invention is further characterized by differential scanning calorimetry (DSC)
having thermogram with sharp endotherm at about 176.73°C with onset at about
171.49°C and endset at about 176.73°C.

[0075] The R-sitagliptin dibenzyl-L-tartrate of formula II obtained by the process of
present invention may have a DSC thermogram which is substantially in accordance with
Fig. 2.

[0076]) R-sitagliptin of formula Ia obtained by the process of present invention having an
X-ray powder diffraction (XRPD) pattern with reflections at about: 7.3, 17.6, 18.8, 21.2,
21.5, 22.4, 24.1, 244, 247, 270, and 287 + 0.2 degrees 2 theta. X-ray powder
diffraction measurements were performed on a Philips X’pert PRO Diffractometer using
Cu Ka radiation (Cu Kal=1.540604). The X-ray source is operated at 45 kV and 40mA.
Spectra are recorded at start angle from 2° to 50° 20, a step size 0.0167° with a time per
steps of 50 seconds.

[0077] The R-sitagliptin of formula Ia obtained by the process of present invention may
have an XRPD which is substantially in accordance with Fig. 3.

[0078] R-sitagliptin of formula Ta obtained by the process of present invention is further
characterized by differential scanning calorimetry (DSC) having thermogram with sharp
endotherm at about 117.66 °C with onset at about 116.37°C and endset at about
119.58°C.

[0079] The R-sitagliptin of formula Ia obtained by the process of present invention may

have a DSC thermogram which is substantially in accordance with Fig. 4.
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[0080] The DSC thermogram is recorded by following the procedure: Take the empty
aluminum standard 40pL pan and put it in the microbalance. Take and weigh
approximately below 2.0mg of sample. Slightly pierce the cover of the pan and seal it.
Place the sample pan in the left position on mark “S” and empty reference pan in the right
position on mark “R” of the blue DSC sensor. Place the furnace lid, and maintain the
nitrogen gas as purge gas. Select the method temperature range is 30°C to 350°C and
heating rate is 10°C/Minute .Under these conditions run the sample.

[0081] Typically the product obtained by the above described method contains about 90
wt% of the desired enantiomer of (Ia). The purity of the product can be increased to about
96 wt% by recrystallization. Methanol is the preferred recrystallization solvent. For
example, the product which is enriched in (-) enantiomer is recrystallized by adding the
product to methanol solvent, refluxing the mixture and filtering precipitate. The filtrate is
concentrated, if necessary, and cooled in order to crystallize the (R)-enantiomer of (la).
This allows recovering the substantially pure (-) enantiomer of (I) from the mother
solution by crystallization.

[0082] The precipitation is carried out with cooling, decreasing the amount of the solvent
and/or by adding a contrasclvent

[0083] The free base obtained may be optionally purified by recrystallization or slurrying
in suitable solvents.

[0084] Recrystallization involves providing a solution of crude R-sitagliptin in a suitable
solvent and then crystallizing the solid from the solution.

[0085] Suitable solvents in which R-sitagliptin can be dissolved for purification include
but are not limited to: C,-Cs ketones such as acetone, ethyl methyl ketone, butanone and
the like; alcohols such as ethanol, methanol, and isopropanol; ethers such as such as
tetrahydrofuran, 1,4-dioxane, ethyl acetate and the like; water; and mixtures thereof.
[0086] The concentration of the R-sitagliptin in a solvent or mixture of solvents can
range from about 40% to about 80% or more. The solution can be prepared at an elevated
temperature if desired to achieve a higher solute concentration. Any temperature is
acceptable for the dissolution as long as a clear solution of the R-sitagliptin is obtained
and is not detrimental to the drug substance chemically or physically. The solution may

be brought down to a lower temperature for further processing if required or an elevated
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temperature may be used. A higher temperature for dissolution will allow the
precipitation from solutions with higher concentrations of R-sitagliptin, resulting in better
economies of manufacture.

[0087] The product may optionally be further dried. Drying can be suitably carried out in
a tray dryer, vacuum oven, air oven, fluidized bed drier, spin flash dryer, flash dryer and
the like. The drying can be carried out at temperatures of about 35°C to about 70°C. The
drying can be carried out for any desired time pericds to achieve the desired product
purity, times from about 1 to 20 hours frequently being adequate.

[0088] R-sitagliptin prepared by above methods can also be converted into its
pharmaceutically acceptable salts such as phosphate, hydrochloride, and the like;
preferably phosphate.

[0089] The process briefly involves the reacting a pharmaceutically acceptable acid with
R-sitagliptin in solution.

[0090] Suitable pharmaceutically acceptable acids which can be used include, but are not
limited to: inorganic acids such as phosphoric acid, hydrochloric acid, hydrobromic acid,
hydroiodic acid; and organic acids such as acetic acid, tartaric acid, oxalic acid, and the
like. Preferably phosphoric acid.

[0091] Optionally, the acid is dissolved in a solvent before adding it to the solution of R-
sitagliptin free base.

[0092] The solvent used for the dissolution of R-sitagliptin and the acid may be the same,
or different solvents may be used.

[0093] Optionally, the acid addition salt obtained can be purified further by
recrystallization or slurrying in suitable solvents. -

[0094] Suitable solvents in which the acid addition salt of R-sitagliptin can be dissolved
for purification include but are not limited to: C,-Cs ketones such as acetone, ethyl
methyl ketone, butanone and the like; alcohols such as ethanol, methanol, and
isopropanol; ethers such as tetrahydrofuran, 1, 4-dioxane, ethyl acetate and the hke;
water; and mixtures thereof.

[0095] The product may optionally be further dried. Drying can be suitably carried out in
a tray dryer, vacuum oven, air oven, fluidized bed drier, spin flash dryer, flash dryer and

the like. The drying can be carried out at temperatures of about 35°C to about 90°C. The
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drying can be carried out for any desired time until the required product purity is
achieved, time periods from about 1 to 20 hours frequently being sufficient.

[0096] R-sitagliptin or any of the pharmaceutically acceptable salts of R-sitagliptin
prepared in accordance with the present invention contains less than about 0.5%, of the
corresponding impurities as characterized by a chiral HPLC (high performance liquid
chromatography) chromatogram obtained from a mixture comprising the desired
compound and one or more of the said impurities, preferably less than about 0.1%. The
percentage here refers to weight percent obtained from the area-% of the peaks
representing the impurities. R-sitagliptin and salts thereof also afe substantially free of
other process-related impurities

[0097] The process of the present invention advantageously provides R-sitagliptin or its
pharmaceutically acceptable salts in relatively high purity, e.g., greater than about 98% ee
and preferably greater than about 99%.

[0098] The R-sitagliptin or its pharmaceutically acceptable salts obtained by the
processes of the present invention has residual organic solvent less than the amount
recommended for pharmaceutical products, as set forth for example in ICH guidelines
and U.S. Pharmacopoeia; the recommended amount is less than 5000 ppm for methanol,
ethyl acetate and acetone; less than 800ppm for toluene, dichloromethane, dimethyl
formamide and diisopropyl ether. Preferably, the amount is less than about 5000 ppm
residual organic solvent, preferably, more preferably less than about 2000 ppm residual
organic solvent, most preferably, less than about 700 ppm.

[0099] The pharmaceutical composition comprising R-sitagliptin or its pharmaceutically
acceptable salts prepared by the processes of present invention may be formulated for
oral administration. Accordingly, Dog particle size of the unformulated sitagliptin or
pharmaceutically acceptable salts thereof used as starting material in preparing a
pharmaceutical composition generally is less than 300 microns, preferably less than about
200 microns, more preferably less than 100 microns, still more preferably less than about
50 microns and still more preferably less than about 20 microns.

[00100] Any milling, grinding micronizing or other particle size reduction method
known in the art can be used to bring the solid state sitagliptin or its pharmaceutically

acceptable salt thereof into any desired particle size range as set forth above.
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[00101] Another aspect of the present invention is directed to a pharmaceutical dosage
form containing sitagliptin or its pharmaceutically acceptable salts thereof. The
pharmaceutical dosage may be in any form, for example, compacted tablets, powder
suspensions, capsules, and the like. The compositions of the present invention can be
administered to humans and animals in such dosage forms as oral, rectal, parenteral
(intravenous, intramuscular, or subcutaneous), intracistemal, intravaginal, intraperitoneal,
local (powders, ointments or drops), ophthalmic, transdermal, or sublingual forms or as a
buccal or nasal spray. Oral dosage forms include, but are not limited to, pills, capsules,
troches, sachets, suspensions, powders, lozenges, elixirs, tablets, capsules (including soft
gel capsules), ovules, solutions, and the like which may contain flavoring or coloring
agents, for immediate-, delayed-, meodified-, or controlled-release such as sustained-,
dual-, or pulsatile delivery applications. R-sitagliptin or its pharmaceutically acceptable
salt thereof prepared by the process as described herein also may be administered as
suppositories, ophthalmic ointments and suspensions, and parenteral suspensions, which
are administered by other routes, The most preferred route of administration of the
sitagliptin or its pharmaceutically acceptable salts thereof of the present invention is oral.
[00102] The active ingredient of the invention may also be administered via fast
dispersing or fast dissolving dosage forms or in the form of high energy dispersion or as
coated particles. Suitable pharmaceutical composition of the invention may be in coated
or uncoated form as desired.

[00103] Tableting compositions may have few or many components depending upon the
tableting method used, the release rate desired and other factors. For example, the
compositions of the present invention may contain diluents such as cellulose-derived
materials like powdered cellulose, microcrystalline cellulose, microfine cellulose, methyl
cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, carboxymethyl cellulose salts and other substituted and
unsubstituted celluloses; starch; pregelatinized starch; inorganic diluents such calcium
carbonate and calcium diphosphate and other diluents known to one of ordinary skiil in
the art. Yet other suitable diluents include waxes, sugars (e.g. lactose) and sugar alcohols

like mannitol and sorbitol, acrylate polymers and copolymers, as well as pectin, dextrin

and gelatin.
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[00104] Other excipients contemplated by the present invention include binders, such as
acacia gum, pregelatinized starch, sodium alginate, glucose and other binders used in wet
and dry granulation and direct compression tableting processes; disintegrants such as
sodium starch glycolate, crospovidone, low-substituted hydroxypropyl cellulose and
others; lubricants like magnesium and calcium stearate and sodium stearyl fumarate;
flavorings; sweeteners; preservatives; pharmaceutically acceptable dyes and glidants such
as silicon dioxide.

[00105] Capsule dosages will contain the solid composition within a capsule which may
be coated with gelatin, Tablets and powders may also be coated with an enteric coating.

The enteric-coated powder forms may have coatings comprising phthalic acid cellulose
acetate, hydroxypropylmethyl cellulose phthalate, polyvinyl alcohol phthalate,
carboxymethylethylcellulose, a copolymer of styrene and maleic acid, a copolymer of
methacrylic acid and methyl methacrylate, and like materials, and if desired, they may be
employed with suitable plasticizers and/or extending agents. A coated tablet may have a
coating on the surface of the tablet or may be a tablet comprising a powder or granules
with an enteric coating.

[00106] Having described the invention with reference to certain preferred
embodiments, other embodiments will become apparent to one skilled in the art from
consideration of the specification. The invention is further defined by reference to the
following examples describing in detail the preparation of the composition and methods
of use of the invention. It will be apparent to those skilled in the art that many
modifications, both to materials and methods, may be practiced without departing from

the scope of the invention.

EXAMPLES

[00107] Example 1: PREPARATION OF 5-[I-HYDROXY-2-(2,4,5
TRIFLUOROPHENYL) ETHYLIDENE]-2,2-DIMETHYL-1,3-DIOXANE-4,6-DIONE
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200 gm of 2,4,5-triflurophenyl acetic acid, 108 ml of oxalic acid,10 ml of dimethyl
formamide and 2000 ml of methylenedichloride were charged into a clean and dry round
bottom flask followed by stirring at about 25-30°C for about 2-3 hours., the progress of
the reaction was monitored by thin layer chromatography (TLC) including high
performance liquid chromatography (HPLC), after the completion of the reaction, the
reaction mass was cooled to about -5°C. Pre-reacted solution of 280 gm of 4-
dimethylamino pyridine and 226 gm of 2,2-dimethyl-1,3-dioxane-4,6-dione in 1000 ml
of methylenedichloride was added to the reaction mass between the temperature of about
-5~0°C and maintained the reaction mixture at the same temperature until the completion
of reaction, which was monitored by TLC or HPLC. 300 gm of dried product of 5-[1-°
hydroxy-2-(2,4,5-trifluorophenyl)ethylidene]-2,2-dimethyl-1 3-dioxane-4,6-dicne

(Formula VII) was obtained by the acidic aqueous workup followed by solid
precipitation with diisopropyl ether . The isolated compound has been characterized by

Melting points, Mass 'H NMR and HPLC purity.

Mass 1 315.31 [M-HT

"H NMR(300 MHz,CDCI3) :7.1,6.9 (2 H,m), 4.43 (2 H,s),1.7(6 H.s)
Melting point : [86.44 — 109.5] °C

HPLC purity : NLT =98 %.

[00108] Example 2: PREPARATION OF 4-0X0-4-[3-(TRIFLUOROMETHYL)-5.6-
DIHYDRO[1,2,4]TRIAZOLO[4,3-a]PYRAZIN-7(8H)-YL]-1-(2,4,5-
TRIFLUOROPHENYL)BUTAN-2-ONE

547 gm of 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-alpyrazin-7(8 H)-
yl]-1-(2,4,5-trifluorophenyl)butan-2-one (Formula V) was obtained by adding 500 gm
of 5-[1-hydroxy-2-(2.4,5-triflucrophenyl)ethylidenel-2,2-dimethyl-1,3-dioxane-4,6-dione
in to the solution 5000 ml toluene containing 440 gm of 3-(trifluoromethyl)-5,6,7,8-
tetrahydro[ 1,2,4]triazolo[4,3-a]pyrazine .hydrochloride (Formula VI) and 1100 ml of
diisopropyl ethylamine at about 25-30°C followed by heating the reaction mass to
toluene reflux temperature until the completion of the reaction, as monitored by TLC or
HPLC. The isolation of the above said product was done by ethylacetate and aqueous—

acidic workup followed by distillation.
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The isolated compound has been characterized by Mass and HPLC purity.

Mass . 407.18 [M+H]*

HPLC purity : NLT=85%.

[00109] Example 3 : PREPARATION OF 4-OXO-4-[3-(TRIFLUOROMETHYL)-5.6-
DIHYDRO[1,2,4]TRIAZOLO[4,3-a]PYRAZIN-7(8H)-YL]-1-(2,4,5-TRIFLUORO
PHENYL) BUT-2-EN-2-AMINE

540 gm of 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydrof1,2,4]triazolo[4,3-a]pyrazin-7(8H)-
yl]-1-(2,4,5-trifluorophenyl)butan-2-one dissolved in 5400 ml of methanol and cooled to
0-5°C. 540 gm of ammonium acetate and 1080 ml of agueous ammonia (25w/w) solution
was added and maintained for about 15-30 minutes at about 40-45°C  until the
completion of the reaction, as monitored by TLC or HPLC. 387 gm of 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[ 1,2 4]triazolo[4,3-alpyrazin-7(8 H)-yl]-1-(2,4,5-
trifluorophenyl) but-2-en-2-amine (Formula IV) was obtained by filtration and drying .
The isolated compound has been characterized by Melting Points, Mass 'H NMR and
HPLC purity.

Mass . 406.74 [M+H]*

'H-NMR (400MHz,DMSQ) : 7.5(2H,m),4.86(1H,s),4.82(1H,s),4.1(2 H,m),3.8(2H,m),
3.4(1 H,5),3.32(1 H,s).

Melting point : 193.77 °C

HPLC purity : NLT =95 %.

[00110] Example 4:4-0X0-4-[3-(TRIFLUOROMETHYL)-5,6-DIHYDRO
[1,2,4]TRIAZOLO[4,3-A]JPYRAZIN-7(8 H)-YL]-1-(2,4,5-TRIFLUOROPHENYL)
BUTAN-2-AMINE

50 gm of 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-alpyrazin-7(8H)-
yl]-1-(2,4,5-trifluorophenyl)but-2-en-2-amine with 150 ml of methanol and 350 ml of
methylenedichloride with 19 gm of sodiumcyano borohydride in the presence of 30 ml
of acetic acid with the temperature range of about -5°C to about 25-30°C  under

nitrogen atmosphere. 46 gm of 4-Oxo0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]
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triazolo[4,3-alpyrazin-7(8 H)-yl}-1-(2,4,5-triflnorophenyl)butan-2-amine  (Formula 1II)
was isolated by aqueous ammonia work-up .

HPLC purity : NLT =85 %.

b) 4-0X0-4-[3-(TRIFLUOROMETHYL)-5,6-DIHYDRO[1,2,4] TRIAZOLO[4,3-2]
PYRAZIN-7(8H)-YL]-1-(2,4,5-TRIFLUOROPHENYL)BUTAN-2-AMINE :

3.5 gm of 4-Oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a}pyrazin-7(8 H)-
yl}-1-(2,4,5-trifluorophenyl)butan-2-amine isolated as solid from 9.2 gm of crude with
117 ml of toluene crystallization with the temperature range from about 70-75°C to
about 25-30°C. The isolated compound has been characterized by Melting points, Mass
'H NMR and HPLC purity.

Mass : 408.43 [M+H]"

'TH-NMR(300MHz,CDCI3) : 7.0(H,m),6.9(1H,m),4.9(2H,m,s),4.1(4H,m),3.6(1H,s),
3.5(1H,bs) 2.8~2.4(4H,bm),1.7(2H,bs)

Melting point 1 97.03°C

HPLC purity : NLT=95%.

[00111] Example 5: (2R/285)-4-0X0-4-[3-(TRIFLUOROMETHYL)-5,6-DIHYDRO
[1,2,4]TRIAZOLO[4,3-a]PYRAZIN-7(8H)-YL]-1-(2,4,5-TRIFLUOROPHENYL)
BUTAN2-AMINE(-)DBLTA SALT

a) 41 gmof (2R/2S)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo [4,3-
alpyrazin-7(8 H)-yl}-1-(2,4,5-triflucrophenyljbutan-2-amine dissolved in 250 ml of
acetone at 25-30°C was added to the solution of 35 gm of (-) Dibenzolyl -L-Tartaric acid
dissolved in 1000 ml of diisopropyl ether at 25-30°C for 15-30 minutes followed by
stirring the reaction mass to 2 hours. 61 gm of (R/S)-4-0x0-4-{3-(trifluoromethyl)-5,6-
dihydro[1,2,4] triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine.
(-) DBLTA diastereomeric salt (Formula IT) was obtained by filtration and followed by
drying the solid at 50-55°C for 12 hours. The isolated solid has been characterized by
chiral HPLC, XRD and DSC.

Chiral HPLC purity was 50:50(S/R diasterecisomer ratio).
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b) PURIFICATIONS OF (25/2R)-4-0X0-4-[3-(TRIFLUOROMETHYL)-5,6-
DIHYDRO[1,2,4]TRIAZOLO[4,3-A]PYRAZIN-7(8 H)-YL]-1-(2,4,5-TRIFLUORO
PHENYL) BUTAN-2-AMINE (-) DBLTA DIASTREOMERIC SALT

5 gm of (2R)-4-oxo0-4-[3-(triflucromethyl)-5,6-dihydro[1,2,4] triazolo[4,3-g] pyrazin-
7(8H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine(-)DBLTA diastercomeric salt was
obtained by repeated reflux-leaching with methanol at 65 °C to 25-30°C followed by
two recrystallisations with 300 ml and 250 ml of methanol at the temperature of 65 °C to
25-30°C. The isolated solid has been characterized by chiral HPLC, XRD and DSC.
Chiral HPLC 95.42 % was observed.

c) PREPARATION CUM PURIFICATION OF (2R)-4-0X0-4-[3-
(TRIFLUOROMETHYL)-5,6-DIHYDROI[ 1,2, 4] TRIAZOLO[4,3-A]PYRAZIN-7(8 H)-
Y1]-1-(2,4,5-TRIFLUOROPHENYL)BUTAN-2-AMINE(-)DBLTA

212 gm of (2R/28)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2 4]triazolo[4,3-
alpyrazin-7(8 H)-yl]-1-(2.4,5-trifluorophenyl)butan-2-amine  dissolved in 848 mi of
methanol was added to the solution of 172 gm of (-} dibenzolyl —L-tartaric acid
dissolved in 848 ml of methanol at reflux temperature for about 15-30 minutes
followed by stirring the reaction mass for about 2 hours at about 65-70°C. 252 gm of
white solid was isolated by filtration at about 25-30°C. About 65-70 % chiral purity was
observed.

The purity was further enhanced by recrystallisation with methanol-water system at 65-
70°C with volume of 25 to35 of (2R/25)-4-0x0-4-[3-(trifluoromethyl)-5,6-
dihydro[1.2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine
(Formula II) for twice ,106 gm of white solid was isolated by filtration . The isolated
solid been characterized by chiral HPLC, XRD and DSC

The chiral purity observed was 85~90 %.
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[00112] Example - 6: PREPARATION OF (2R)-4-0X0-4-[3-
(TRIFLUORCMETHYL)-5,6-DIHYDRO[ 1,2, 4] TRIAZOLO[4,3-a] PYRAZIN-7(8 H)-
YL]-1-(2,4,5- TRIFLUOROPHENYL)BUTAN-2-AMINE

105 gm of (2R)-4-oxo-4-{3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-
7(8H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine(-)dibenzyl-L-tartaric acid was
suspended in 525 ml of methylene dichloride and 525 ml of water. The pH of the
suspension was adjusted to about 11 to 12 by addition of 10 % aqueous sodium
hydroxide solution over about 15-20 minutes under stirring. Organic and aqueous layers
were separated and the organic layer was distilled completely at about 30-35 °C under
vacuum. The solid separated (Formula Ia) was isolated by toluene crystallization and was
dried at about 55-60°C for 12 hours to afford 33.5 gm of the title compound.

Purity by HPLC: 99.36 %.

Purity by Chiral HPLC: 99.7 %.Melting point: 117.66°C.

[00113] Example -7 : PREPARATION OF (2R)-4-0X0O-4-[3-(TRIFLUOROMETHYL)
-5, 6-DIHYDRO[1,2,4] TRIAZOLO-[4,3-a]PYRAZIN-7(8H)-YL]-1-(2,4,5-TRIFLUORO
PHENYL) BUTAN-2-AMINE DIHYDROGEN PHOSPHATE

5 gm of (2R)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo{4,3-a} pyrazin-
7(8H)-yl1-1-(2,4,5-trifluorophenyl)butan-2-amine and 150 ml of ethanol were charged
into a clean and dry round bottom flask followed by heating to about 50-55 °C. 1.26 ml
of 85.%v/v of phosphoric acid was added to the above solution at about 50-35 °C in one
lot. The reaction mixture was maintained under stirring at about 75-78°C for about 30
minutes. The separated solid (Formula I) was filtered and the solid obtained was dried at
about 50 -55°C for about 12 hours to afford 4 gm of the title compound.

Specific optical rotation [SOR]: -20 to -22 [C=] % water)

Melting point: 212°C to 213.5 °C

Purity by Chiral HPLC: 99.92 %; Punty by HPLC: 99.95 %.
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ABSTRACT

[00114] The present invention provides processes for the preparation of R-sitagliptin and its

pharmaceutically acceptable salts thereof.
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PRELIMINARY AMENDMENT

CLAIMS:
1. R-sitagliptin having an X-ray powder diffraction (XRPD) pattern with reflections at about:

7.3,17.6,18.8,21.2,21.5,22.4,24.1,24.4,24.7,27.0, and 28.7 + 0.2 degrees 2 theta.
2. R-sitagliptin having a differential scanning calorimetry (DSC) thermogram with sharp

endotherm at about 117.66°C with onset at about 116.37°C and endset at about 119.58°C.
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referenced to solvent at 2.5 ppm

1H NMR,

in DMSO-d6é w/ TMS,

229438, Compound 184, Lot sal-0€9,

399497
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referenced to sclvent at 2.5 ppm

1H NMR,

in DMSO-d6 w/ TMS,

229438, Compound 184, Lot sal-069,

399497
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233285, Compound 184, Lot SAL-0B8,087, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

408900
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233285, Compound 1B4, Lot SAL-088,087, in DMSO-d6, 1H NMR, referenced to solvent at Z.5 ppm
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231202, Compound 184, Lot D-1895NN-13067/3, in DMSO-d6 w/ TMS, 1H NMR, referenced to solvent at 2.5 ppm
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231202, Compound 184, Lot D-1B95NN-13067/3, in DMSO-d6 w/ TMS, 1lH NMR, referenced to solvent at 2.5 ppm
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A Sitagliptin phosphate characterized by data selected from
the group consisting of: a powder XRD pattern with peaks at
4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two theta; a pow-
der XRD pattern with peaks at about 4.7, 13.5, and 15.5+0.2
degrees two theta and at Jeast another two peaks selected from
the following list: 14.0, 14.4, 18.3, 19.2, 19.5 and 23.720.2
degrees two theta; and a powder XRD pattern with peaks at
about 13.5, 19.2, and 19.5+0.2 degrees two theta and at least
another two peaks selected from the following list: 4.7, 14.0,
15.1, 15.5, 18.3, and 18.7+0.2 degrees two theta; a powder
XRD pattern with peaks at about 13.5, 15.5, 19.2, 23.7, and
24.420.2 degrees two theta; and a powder XRD pattern with
peaks at about 4.65, 13.46, 17.63, 18.30, and 23.66+0.10
degrees two theta, processes for preparing said Sitagliptin
crystalline form, and pharmaceutical compositions thereof,
are provided.
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CRYSTALLINE FORMS OF SITAGLIPTIN
PHOSPHATE

RELATED APPLICATIONS

[0601] This application claims benefit of U.S. Provisional
Patents Application No. 61/154,491, filed Feb. 23, 2009,
61/201,304, filed Dec. 8, 2008, 61/190,868, filed Sep. 2,
2008, 61/092,555, filed Aug. 28, 2008, 61/090,736, filed Aug.
21, 2008, 61/189,128, filed May 14, 2008, and 61/070,866,
filed Mar. 25, 2008, the contents of which are incorporated
herein in their entirety by reference. This application also
claims benefit of U.S. Provisional Patents Application No.
61/201,860, filed Dec. 15, 2008, 61/191,933, filed Sep. 11,
2008, 61/091,759, filed Aug. 26, 2008, 61/137,489, filed Jul.
30, 2008, and 61/134,598, filed Jul. 10, 2008, the contents of
which are incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

[0002] The invention encompasses crystalline forms of
Sitagliptin phosphate, processes for preparing the crystalline
form, and pharmaceutical compositions thereof.

BACKGROUND OF THE INVENTION

[0003] Sitagliptin, (3R)-3-amino-1-[9-(triflucromethyl)-1,
4,7.8-tetrazabicyclo[4.3.01nona-6,8-dien-4-yl]-4-(2,4, 5-trif-
Iluorophenyl)butan-1-one, has the following chemical struc-
ture:

F
F
NH; Q
N
N /\|¢_ \
N
F k/N\(
CF;
Sitagliptin

[0004] Sitagliptin phosphate is a glucagon-like peptide 1
metabolism modulator, hypoglycemic agent, and dipeptidyl
peptidase IV inhibitor. Sitagliptin is currently marketed in its
phosphate salt in the United States under the tradename
JANUVIA™ iy its monohydrate form. JANUVIA™ is indi-
cated to improve glycemic control in patients with type 2
diabetes mellitus.

[0005] The following PCT Publications describe the syn-
thesis of Sitagliptin via stereoselective reduction: WO 2004/
087650, WO 2004/085661, and WO 2004/085378.

|0606] Several crystalline forms of Sitagliptin phosphate
are described in the literature. WO 2005/020920 describes
crystalline forms 1, II, 1l and ethano] solvate; WO 2005/
030127 describes crystalline form IV, WO 2005/003135
describes a monohydrate form, and WO 2006/033848
described the amorphous form.

[0007] Polymorphism, the occurrence of different crystal
forms, is a property of some molecules and molecular com-
plexes. A single molecule, like Sitagliptin, may give rise to a
variety of crystalline forms having distinct crystal structures
and physical properties like melting point, x-ray diffraction
pattern, infrared absorption fingerprint, and solid state NMR

Feb. 18, 2010

spectrum. One crystalline form may give rise to thermal
behavior different from that ofanother crystalline form. Ther-
mal behavior can be measured in the laboratory by such
techniques as capillary melting point, thermogravimetric
analysis (“TGA”™), and differential scanning calorimetry
(“DSC™), which have been used to distinguish polymorphic
forms.

[0008] Thedifference in the physical properties of different
crystalline forms results from the orjentation and intermo-
lecular interactions of adjacent molecules or complexes in the
bulk solid. Accordingly, polymorphs are distinct solids shar-
ing the same molecular formula yet having distinct advanta-
geous physical properties compared to other crystalline forms
of the same compound or complex.

[0009] One of the most important physicat properties of
pharmacentical compounds is their solubility in aqueous
solution, particularly their solubility in the gasiric juices of a
patient. For example, where absorption through the gas-
trointestinal tract is slow, it is often desirable for a drug that is
unstable to conditions in the patient’s stomach or intestine to
dissolve slowly so that it does not accurnulate in a deleterious
environment. Different crystalline forms or polymorphs of
the same pharmaceutical compounds can and reportedly do
have different aqueous solubilities.

[0019] The discovery of new polymorphic forms and sol-
vates of a pharmaceutically useful compound provides a new
opportunity to improve the performance characteristics of a
pharmaceutical product. It enlarges the reperioire of materials
that a formulation scientist has available for designing, for
example, a pharmaceutical dosage form of a drug with a
targeted release profile or other desired characteristic. There-
fore, there is a need for additional crystalline forms of Sita-
gliptin.

SUMMARY OF THE INVENTION

[0011] The present invention provides a crystalline Sita-
gliptin phosphate characterized by data selected from the
group consisting of: a powder XRD pattern with peaks at 4.7,
13.5, 17.7, 18.3, and 23.7+0.2 degrees two theta; a powder
XRD pattern with peaks at about 4.7, 13.5, and 15.520.2
degrees two theta and at least another two peaks selected from
the following list: 14.0, 14.4, 18.3, 15.2, 19.5 and 23.7+0.2
degrees two theta; a powder XRD pattern with peaks at about
13.5,19.2,and 19.5+0.2 degrees two theta and at least another
two peaks selected from the following list: 4.7, 14.0, 15.1,
15.5, 18.3, and 18.7+0.2 degrees two theta; a powder XRD
pattern with peaks at about 13.5, 15.5, 19.2, 23.7, and
24.4+0.2 degrees two theta; and a powder XRD pattern with
peaks at about 4.65, 13.46, 17.63, 18.30, and 23.66x0.10
degrees two theta, and processes for preparing thereof.
[0012] The present invention also provides a crystalline
Form VI of Sitagliptin phosphate characterized by data
selected from the group consisting of: a PXRD pattern having
peaks at about 13.6, 14.3, 15.6, 16.9, and 19.1+0.2 degrees
two theta or peaks at about 17.9, 20.3, 24.8, 26.3, and
28.920.2 degrees two theta; a solid-state 1*C NMR spectrum
with signals at about 103.0, 121.5 and 173.2+0.2 ppm; and a
solid-state :*C NMR spectrum having chemical shifis differ-
ences between the signal exhibiting the lowest chemical shift
and another in the chemical shift range of 100 1o 180 ppm of
about 0.0, 18.5 and 70.2+0.1 ppm, wherein, the signal exhib-
iting the lowest chemical shift in the chemical shift area of
100 to 180 ppm is typically at about 103.0x1 ppm, and pro-
cesses for preparing thereof.
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0013} The present invention further provides processes for
the preparation of crystalline Sitagliptin phosphate Form 11,
Sitagliptin phosphate monohydrate, and amorphous Sitaglip-
tin,

[0014) The invention further provides a pharmaceutical
formulation comprising the above described Sitagliptin phos-
phate crystalline forms. This pharmaceutical composition
may additionally comprise at least one pharmaceutically
acceptable excipient.

[0015] The invention further provides a pharmaceutical
formulation comprising the above described Sitagliptin phos-
phate crystalline forms made by the processes of the present
invention, and one or more pharmaceutically acceptable
excipients.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 shows a powder XRD pattern of a crystalline
form of Sitagliptin phosphate, obtained in Exampie 1.
[0017] FIG. 2 shows a powder XRD pattern of a crystalline
form of Sitagliptin phosphate, obtained in Example 2.
[0018] FIG. 3 shows a powder XRD pattern of a dry crys-
talline form of Sitagliptin phosphate, obtained in Example 3.
10019] FIG. 4 shows a powder XRD pattern of a crystalline
form of Sitagliptin phosphate, obtained in Example 4.
[0020] FIG. 54 shows a powder XRD pattern of wet crys-
talline Form 11 of Sitagliptin phosphate, obtained in Example
5.

[0021] FIG. 5b shows a powder XRD pattern of a dry crys-
talline form of Sitagliptin phosphate, obtained in Example 5.
10022} FIG. 6 shows a powder XRD pattern of a crystalline
Form II of Sitagliptin phosphate, obtained in Example 33.
[0023] FIG. 7 shows a powder XRD pattern of amorphous
Sitagliptin phosphate, obtained in Example 63.

[0024] FIG. 8 shows a powder XRD pattern of amorphous
Sitagliptin phosphate, obtained in Example 73.

{0025] FIG. 9 shows a powder XRD pattern of amorphous
Sitagliptin phosphate, obtained in Example 74.

[0026] FIG. 10 shows a powder XRD pattern of a crystal-
line Form 11 of Sitagliptin phosphate, obtained in Example 78.
[0027] FIG. 11 shows a powder XRD pattern of Sitagliptin
phosphate monohydrate, obtained in Example 84.

[0028] FIG. 12 shows a powder XRD pattern of Sitagliptin
phosphate monchydrate, obtained in Example 86.

[0029] FIG. 13 shows a powder XRD pattern of Sitaglipfin
phosphate monohydrate, obtained in Example 87.

[0030] FIG. 14a shows a powder XRD pattern of a crystal-
line form of Sitagliptin phosphate, obtained in Example 88.
[0031] FIG. 145 shows a powder XRD pattern of a crystal-
line form of Sitagliptin phosphate, obtained in Example 88.
[0032] FIG. 15 shows a powder XRD pattemn of a crystal-
line form of Sitagliptin phosphate, obtained in Example 92.
[0033] FIG. 16 shows a powder XRD pattern of crystalline
Form II of Sitagliptin phosphate, obtained in Example 96.
[0034] FIG. 17 shows a solid-state *'P NMR spectrum of a
crystalline form of Sitagliptin phosphate in the (-150)-(150)
ppm range.

[0035] FIG. 18 shows a salid-state *' P NMR spectrum of a
crystalline form of Sitagliptin phosphate in the (-20)-(20)
ppm range.

DETAILED DESCRIPTION OF THE INVENTION

[0036] As used herein, Sitagliptin base Form I refers to
crystalline Sitagliptin base characterized by data selected

Feb. 18, 2010

from the group consisting of: a PXRD pattern having any 5
peaks selected from the group consisting of 7.4, 11.5, 16.7,
17.7, 18.9, 24.1, 245, 27.0, 28.5 and 2B.8+0.2 degrees
2-theta, wherein any combination of peaks selected includes
the peak at 7.4+0.2 degrees two theta; 2 powder XRD pattern
with peaks at about 7.4, 16.7,17.7, 28.5 and 28.8x0.2 degrees
2-theta; a powder XRD) pattern with peaks at about 7.4, 11.5,
16.7,17.7 and 18.9+0.2 degrees 2-theta; a powder XRD pat-
tern with peaks at about 7.4, 11.5, 16.7, 28.5 and 28.8+0.2
degrees 2-theta and a powder XRD pattern with peaks at
about 7.4, 24.1, 24.5, 27.0, and 28.8+0.2 degrees 2-theta.
[0037] As used herein, Sitagliptin phosphate Form 11 refers
1o crystalline Sitagliptin base characterized by apowder XRD
pattern with peaks at about 4.7,5.3,12.3,13.9,15.1, 20.5x0.2
degrees two theta.

[0038] As used herein, Sitagliptin phosphate monohydrate
refers to crystalline Sitagliptin base characterized by a pow-
der XRD pattern with peaks at about 11. 8, 13.9, 16.0, 18.5,
19.6, 22.5+0.2 degrees two thefa.

[0039] As used berein, the terms “Sitagliptin phosphate™
and “Sitagliptin dihydrophosphate” may be both used to
describe Sitagliptin phosphate having a 1:1 ratio of Sitaglip-
tin and phosphate.

[0040] As used herein, the term “slurry” refers to a thin
mixture of a liquid and a finely divided substance, such as any
form of Sitagliptin phosphate. Typically, the solventis used in
an amount that does not result in the full dissolution of the
substance.

[0041] As used herein, an “antisolvent” refers to a liquid
that, when added to a solution of Sitapliptin bas, and phos-
phoric acid, or a solution of Sitagliptin phosphate in a solvent,
induces precipitation of Sitagliptin phosphate.

[0042] As used herein, a “wet crystalline form™ refers to a
polymorph that was not dried using any conventional tech-
niques.

[0043] As used herein, a “dry crystalline form™ refers to a
polymorph that was dried using any conventional techniques.
For example, drying at elevated temperature under reduced
pressure. Preferably, the crystalline form is dried at about 40°
C. to about 60° C., more preferably, between about 45° C. and
about 55° C., and, most preferably, about 50° C. Preferably
the drying is carried out under reduced pressure (for example
less than 1 atmosphere, more preferably, about 10 mbar to
about 100 mbar, more preferably, about 10 mbar to about 25
mbar). Preferably the drying takes place over a period of
about 8 hours to about 36 hours, more preferably, about 10
hours to sbout 24 hours, and, most preferably, about 12 hours.
[0044] As used herein, the term “room temperature” pref-
erably refers to a temperature of about 20° C. to about 35° C,,
more preferably, about 25° C. to about 35° C., even more
preferably, about 25° C. to about 30° C., and, most preferably,
about 25° C,

[0045] As used herein, the term “overnight” preferably
refers to about 14 hours to about 24 hours, more preferably
about 14 hours to about 20 hours, and most preferably about
16 hours.

[0046) The present invention provides a crystalline Sita-
gliptin phosphate characterized by data selected from the
group consisting of: a powder XRD pattern with peaks at 4.7,
13.5, 17.7, 183, and 23.7+0.2 degrees two theta; a powder
XRD pattern with peaks at about 4.7, 13.5, and 15.520.2
degrees two theta and at least another two peaks selected from
the following list: 14.0, 14.4, 18.3, 19.2, 19.5, and 23.7+0.2
degrees two theta; and a powder XRD pattern with peaks at
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about 13.5, 19.2, and 19.5+0.2 degrees two theta and at least
apother two peaks selected from the following list: 4.7, 14.0,
15.1, 15.5, 18.3, and 18.7+0.2 degrees two theta; a powder
XRD pattern with peaks at about 13.5, 15.5, 19.2, 23.7, and
24.420.2 degrees two theta; and a powder XRD pattern with
peaks at about 4.65, 13.46, 17.63, 18.30, and 23.66x0.10
degrees two theta.

[0047] Inanother embodiment,the crystalline form of Sita-
gliptin phosphate is characterized by a powder XRD pattern
with peaks at about 4.7, 13.5, 17.7, 183, and 23.7:0.2
degrees two theta.

[0048] Inanother embodiment, the crystalline form of Sita-
gliptin phosphate is characterized by a powder XRD pattern
with peaks at about 13.5, 15.5, 19.2, 23.7, and 24.4:0.1
degrees two theta.

[0049] Inanother embodiment, the crystalline form of Sita-
gliptin phosphate is firther characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.720.2
degrees two theta,

[0050] Inanother embodiment, the crystalline form of Sita-
gliptin phosphate is characterized by a powder XRD pattern
with peaks at about 4.65, 13.46, 17.63, 18.30, and 23.66+0.10
degrees two theta.

j0051] The crystalline form of Sitagliptin phosphate is also
characterized by the XRD diffractograms shown in FIGS. 110
4, 6,14, and 15.

[0052] Thecrystalline form of Sitagliptin phosphate, which
is characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta, is substan-
tially free of the (S)-enantiomer of Sitagliptin phosphate. By
“substantially free” is meant 10% (w/w) or less, more pref-
erably 5% (w/w) or less, most preferably 2% (w/w) or less,
particularly 1% (w/w) or less, more particularly 0.5% (w/w)
or less, and most particularly 0.2% (w/w) or less.

[0053] Thecrystalline form of Sitagliptin phosphate, which
is characterized by a powder XRD pattern with peaks at 4.7,
13.5, 17.7, 18.3, and 23.7+0.2 degrees two theta, is also
substantially free of any other polymorph forms. By “sub-
stantially free” is meant 20% (w/w) or less, preferably 10%
(w/w) or less, more preferably 5% (w/w) or less, mos{ pref-
erably 2% (w/w) or less, particularly 1% (w/w) or less, more
particularly 0.5% (w/w) or less, and most particularly 0.2%
(wiw) or less. '

[0054] In another embodiment, the present invention
encompasses a crystalline Form VI of Sitagliptin phosphate
characterized by data selected from the group consisting of: a
PXRD pattern having peaks at about 13.6, 14.3, 15.6, 16.9,
and 19.120.2 degrees two theta or peaks at about 17.9, 20.3,
24.8, 26.3, and 28.9+0.2 degrees two theta; a solid-state '°C
NMR spectrum with signals at about 103.0, 121.5 and 173.
2+0.2 ppm; and a solid-state *C NMR spectrum having
chemical shifts differences between the signal exhibiting the
lowest chemica) shift and another in the chemical shift range
of 100 to 180 ppm of about 0.0, 18.5 and 70.2+0.1 ppm,
wherein, the signal exhibiting the lowest chemical shift in the
chemical shift area of 100 to 180 ppm is typically at about
103.0«1 ppm.

[0055] Form V1is preferably obtained as a mixture of from
about 50% to about 85% of the enantiomer R, and from: about
15% to about 50% of the enantiomer S, more preferably from
about 50% to about 80% of the enantiomer R, and from about
20% 1o about 50% of the enantiomer S, mere preferably about
0% to about 80% of the enantiomer R, and from about 20%
to about 40% of the enantiomer S. In one specific embodi-
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ment, Form VI is obtained as a mixture of about 77% of the
enantiomer R and about 23% of the enantiomer S.

[0056] In another example, the crystalline form, character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta, is obtained in a process
comprising combining Sitagliptin base and phosphoric acid
and a solvent selected from the group consisting of ethyl
acetate, dioxane, methyl isobutyl ketone, isobutyl acetate,
buty] acetate, a mixture of acetonitrile and toluene, or a mix-
ture of tetrahydrofiran and water, forming a slurry; and
obtaining the crystalline form of Sitagliptin phosphate. The
obtained sturry is formed either by adding the phosphoric
acid to a slurry of the Sitagliptin base in the organic solvent,
or by adding the Sitagliptin base into a slurry of the phospho-
ric acid in the organic solvent.

[0057] Preferably the acetonitrile:toluene and the tetrahy-
drofuran:water ratio is about 1:1 to about 1:15, and most
preferably about 3:10. Preferably, the solution is heated 10 a
temperature of about 45° C. to about 80° C., more preferably
about 50° C. to about 70° C., preferably, for about 10 minutes
to about 5 hours, more preferably for about 20 minutes to
about 3 hours. To promote precipitation, the solution can be
cooled. Preferably, solution is gradually cooled to a tempera-
ture of about room temperature, and stirred vntil 2 precipitate
is obtained. Preferably, the solution is stirred overnight. The
precipitate is further recovered by any conventional method
known in the art, for example by filtration. The precipitate
may be further dried at about 46° C. to about 60° C., prefer-
ably between about 45° C. and about 55° C., most preferably
about 50° C. Preferably the drying is carried out under
reduced pressure (for example less than 1 atmosphere, more
preferably, about 10 mbar to about 100 mbar, more prefer-
ably, about 10 mbar to about 25 mbar). Preferably the drying
takes place over a period of about 8 hours to about 36 hours,
more preferably, about 10 hours to about 24 hours, and, most
preferably, about 12 hours.

[0058] In another embodiment, the present invention
encompasses another process for preparing the crystalline
form of Sitagliptin phosphate, which is characterized by a
powder XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and
23.7+0.2 degrees two theta, comprising combining Sitaglip-
tin base and phosphoric acid and a mixture of a first organic
solvent and a second organic solvent selected from the group
consisting of acetone:n-hexane, acetone:n-heptane, acetone:
cyclopentyl methyl ether, acetone:dibuty] ether, acetone:iso-
propylacetate, dimethylsulfoxide:methy] isobutyl ketone,
and dimethylsulfoxide:methyl tert butyl ether; forming a
mixture, and crystallizing Sitagliptin phosphate from the
mixture. Where acetone:cyclopentyl methyl ether, acetone:
isopropylacetate, and dimethylsulfoxide:methyl tert butyl
ether are used, the obtained precipitate is further dried.
[0059] Preferably, the first organic solvent and the second
organic solvent ratio is about 1:1 to about 1:15, and most
preferably about 3:10. Alternatively, Sitagliptin phosphate
can be used instead of Sitagliptin base and phosphoric acid.
[0060] Preferably, the mixture is heated to a temperature of
about 45° to about 80° C., preferably to about 70° C., prefer-
ably for about an hour to about 4 hours, more preferably, for
about 2 hours. To promote precipitation, the solution can be
cooled. Preferably, mixture is gradually cooled to about room
temperature with stirring overnight to allow the product to
precipitate out. The precipitate is further recovered by any
conventional method known in the art, for example by filtra-
ton.
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[0061] The obtained mixture is formed ejther by adding the
phosphoric acid to a mixture of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a mix-
ture of the phosphoric acid in the organic solvent.

[0062) In another embodiment, the present invention
encompasses another process for preparing the crystalline
form of Sitagliptin phosphate of the present invention, com-
prising drying wet Form 1L

[0063] Preferably, wet Form 11is dried at about 40° to about
100° C., more preferably, at about 40° C. to about 60° C., even
more preferably, between about 45° C. and about 55° C., and,
most preferably at about 50° C. Preferably, the drying is
carried out under reduced pressure (for example less than 1
atmosphere, more preferably, about 10 mbar to about 100
mbar, and, most preferably, about 10 mbar to about 25 mbar).
Preferably, the drying takes place over a period of about 8
hours to about 36 hours, more preferably, about 10 hours to
about 24 hours, and, most preferably, about 12 hours.
[6064] Wet Form Il can be prepared by any method known
in the art.

[0065] For example, wet Form 1I is obtained in a process
comprising combining Sitagliptin base and phosphoric acid
and an organic solvent selected from the group consisting of
dimethy! carbonate, tetrahydrofuran, propylene glycol
methyl ether, methyl ethyl kefone, ethanol, methyl acetate,
dimethylformamide, diethyl carbonate, n-butanol, 1-pro-
panol, ioluene, isobutyl acetate, isopropyl acetate, isopro-
pano}, a mixture of acetonitrile and n-butanol, acetonitrile,
dimethy] carbonate, forming a slurry; and obtaining Sitaglip-
tin phosphate Form I1.

[0066] Preferably, the slurry is maintained at a temperature
of about room temperature to about 70° C. Preferably, the
slurry is heated to a temperature of about 50° C. to about 70°
C., preferably, for about 10 minutes to about 5 hours, and,
more preferably, for about 10 minutes to about 3 hours. Pref-
erably, when the slurry is heated, it is graduaily cooled to
about 0° C. to about room {iemperature, more preferably about
10° C. to about room temperature, and, most preferably, about
room lemperature, and, preferably, stirred overnight to allow
the product fo precipitate out. The precipitate is furtherrecov-
ered by any conventional method known in the art, for
cxample by filtration.

[0067] The obtained slurry is formed either by adding the
phosphoric acid to a slurry of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a shury
of the phosphoric acid in the organic solvent.

[0068] In another example, wet Form I is prepared in a
process comprising combining Sitagliptin base and phospho-
ric acid and a mixture of a first crganic solvent and a second
organic solvent selected from the group consisting of acetone:
isopropylacetate. acetone:cyclohexane, acetone:isobutyl
acetate, acetonitrile:n-butanol, and acetone:n-butanol, form-
ing a mixture; crystallizing Sitagliptin phosphate from the
mixture; and obtaining Sitagliptin phosphate Form II.
[0069] Preferably, the first organic solvent and the second
organic solvent ratio is about 1:1 to about 1:15, and most
preferably about 3:10.

[0070) Preferably, the mixture is heated to a temperature of
about 45° C. to about 70° C., preferably to about 70° C.,
preferably for about an hour to about 4 hours, more prefer-
ably, for about 2 hours. To promote precipitation, the solution
can be cooled. Preferably, the mixture is gradually cooled to
about 0° C. to about room temperature, more preferably,
about 10° C. to about room temperature, and, most preferably,
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1o about room temperature with stirring overnight to allow the
product to precipitate out. The precipitate is recovered by any
conventional method known in the art, for example by filtra-
tion.

[0071} The obtained mixture is formed either by adding the
phosphoric acid to a mixture of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a mix-
ture of the phosphoric acid in the organic solvent.

[0072] In one specific embodiment, the crystalline form of
Sitagliptin phosphate, characterized by a powder XRD pat-
tern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7x0.2 degrees
two theta, is prepared in a process comprising drying wet
Form II, wherein the wet Form Il comprises a solvent selected
from the group consisting of methyl isobutyl ketone, dim-
ethyl carbonate, tetrahydrofuran, acetonitrile, propylene gly-
col methyl ether, methanol, n-butanol, 1-propanol, tcluene,
isobutyl acetate, isopropyl acetate, butyl acetate, isopropanol,
dimethyl carbonate, n-hexane, acelone, cyclohexane, isobu-
tyl acetate, and mixtures thereof.

[0073] In another embodiment, the present invention
encompasses a process for preparing crystalline Sitagliptin
phosphate, characterized by a powder XRD patiern with
peaksat4.7,13.5,17.7, 18 3, and 23.7+0.2 degrees two theta,
comprising heating a mixture of Sitagliptin phosphate Form
11 and the crystalline form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2
degrees two theta to a temperature of about 40° C, to abour
100° C., and, more preferably, about 40° C. to about 60° C.,
under rednced pressure (for example less than 1 atmosphere,
more preferably, about 10 mbar to about 100 mbar, and, most
preferably, about 10 mbar to about 25 mbar). Preferably, the
mixture of Sitagliptin phosphate Form Il and crystalline Sita-
gliptin phosphate, characterized by a powder XRD pattern
with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2 degrees two
theta, is heated over a period of about 8 hours to about 36
hours, more preferably, about 10 hours to about 24 howrs, and,
most preferably, about 12 hours.

{0074} In another embodiment, the present invention
encompasses another process for preparing crystalline Sita-
gliptin phosphate, characterized by a powder XRD pattemn
with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2 degrees two
theta, comprising drying & mixture of Sitagliptin phosphate
Form 11 and the crysialline Sitagliptin phosphate character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta, in a fluidized bed dryer
at a temperature of about 30° C. to about 60° C., more pref-
erably about 35° C. to about 50° C.

[0075] In another embodiment, the present invention
encompasses a crystalline form of Sitagliptin phosphate,
characterized by data selected from the group consisting of: a
powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23.7+0.2 degrees two theta; a powder XRD pattern with
peaks at about 4.7, 13.5, and 15.520.2 degrees two theta and
at Jeast another two peaks selected from the fellowing list:
14.0, 144, 18.3, 19.2, 19.5 and 23.720.2 degrees two theta;
and a powder XRD pattern with peaks at about 13.5,19.2, and
19.5£0.2 degrees two theta and at Jeast another two peaks
selected from the following list: 4.7, 14.0, 15.1, 15.5, 18.3,
and 18.7+0.2 degrees two theta; a powder XRD pattern with
peaks at abont 13.5, 15.5, 19.2, 23.7, and 24.4+0.2 degrees
two theta; and a powder XRD pattern with peaks at about
4.65,13.46, 17.63, 18.30, and 23.6620.10 degrees two theta,
made by the processes described above,
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[0076] In another embodiment, the present invention
encompasses a process for preparing Form II comprising
providing a slurry of Sitagliptin phosphate characterized by a
powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23.720.2 degrees two theta, and a solvent selected from the
group consisting of acetonitrile, methanol, ethanol, 1-pro-
panol, isopropanol, acetone, tetrahydrofuran, n-butanol, iso-
butanol, tofuene, propylene glycol, propylene glycol methy}
ether, chioroform, diethyl carbonate, dimethylformamide, or
mixtures of dimethylformamide with methy] isobutyl ketone,
or n-butanol; heating the slurry; and recovering the obtained
Form I

[0077] Preferably, the mixture is heated at a temperature of
about 50° C. to about 80° C., more preferably, about 60° C. to
about 75° C., even more preferably, about 65° C. to about 75°
C., and, most preferably, about 70° C. The mixture is prefer-
ably stirred at this temperature for about 5 minutes to about 5
hours, and, more preferably, about 10 minutes to about 3
hours. Preferably, the mixture is gradually cooled to about 0°
C. to about room temperature, more preferably about 10° C.
to about room temperature, and, most preferably, to about
room temperature. The mixture is stirred at this temperature
ovemnight. The precipitate is further recovered by any con-
ventional method known in the art, for example by filtration.
[0078] In another the present invention encompasses
another process for preparing Form 11 comprising combining
Sitagliptin base and phosphoric acid and an organic solvent
selected from the group consisting of dimethyl carbonate,
tetrahydrofuran, propylene glycol methyl ether, methyl ethyl
ketone, ethanol, methy] acetate, dimethylformamide, diethyl
carbonate, n-butanol, 1-propanol, toluene, isobutyl acetate,
isopropyl acetate, isopropanol, a mixture of acetonitrile and
n-butanol, acetonitrile, dimethy] carbonate, and a mixture of
dimethy] carbonate and n-hexane, forming a slurry; and
obtaining Form II.

[0079] Preferably, the slurry is maintained at a temperature
of about room temperature to about 70° C. More preferably,
the slurry is heated to a temperature of about 50° C. to about
70°C., preferably for about 10 minutes to about 5 hours, more
preferably for about 10 minutes to about 3 hours. Preferably,
when the slurry is heated, it is gradually cooled to a tempera-
ture of about 0° C. to about room temperature, more prefer-
ably about 10° C. to about rcom temperature, and most pref-
erably to about room temperature and stirring, preferably
ovemight te allow the product to precipitate out. The precipi-
tate is further recovered by any conventional method known
in the art, for example by filtration.

[0080] The obtained shury is formed either by adding the
phosphoric acid to a shury of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a slurry
of the phosphoric acid in the organic solvent.

{00811 In another embodiment, the present invention
encompasses another process for preparing Form II compris-
ing combining Sitagliptin base and phosphoric acid and a
mixture of a first organic solvent and a second organic solvent
selected from the group consisting of acetone:isopropylac-
elate, acetone:cyclohexane, acetone:isobutyl acetate, aceto-
nitrile:n-butanol, and acetone:n-butancl, forming a mixture;
crystallizing Sitagliptin phosphate from the mixture; and
recovering Sitagliptin phosphate Form II.

[0082] Preferably, the first organic solvent and the second
organic solvent ratio is about 1:1 to about 1:15, and most
preferably about 3:10.
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[0083] Preferably, the mixture is heated to a teroperature of
about 45° C. to about 70° C., preferably to about 70° C,,
preferably for about an hour fo about 4 hours, more prefer-
ably, for about 2 hours. To promote precipitation, the solution
can be cooled. Preferably, mixture is gradually cooled to
about 0° C. to about room temperature, more preferably,
about 10° C. 1o about room temperature, and, most preferably,
to about room temperature and stirring overnight to allow the
product to precipitate out. The precipitate is recovered by any
conventional method known in the art, for example by filtra-
tion.

[0084] The obtained mixture is formed either by adding the
phosphoric acid to a mixture of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a mix-
ture of the phosphoric acid in the organic sotvent.

[0085] In another embodiment, the present inventicn
encompasses another process for preparing Sitagliptin phos-
phate Form I1, comprising dissolving Sitagliptin phosphate in
dimethylsulfoxide; adding an antisclvent selected from the
group consisting of iso-butancl, acetonitrile, diethy! etber,
diethyl carbonate, and tert-butyl ether; and recovering Sita-
gliptin phosphate Form II.

[0086] Preferably, the solvent/antisolvent ratio is about 1:1
to about 1:20, and most preferably about 3:10.

[0087) Preferably, the starting Sitagliptin phosphate is
crystalline Sitagliptin phosphate characterized by a powder
XRD pattern with peaksat4.7,13.5,17.7, 18.3,and 23.7+0.2
degrees two theta,

[0088] In order to promote precipitation, the mixture may
be cooled to about 0° C. to about 20° C., preferably, for about
2 hours to about 24 hours.

[0089] In another embodiment, the present imvention
encompasses another process for preparing Sitagliptin phos-
phate Form 11, comprising granulating Sitagliptin phosphate
in the presence of isopropanol. Preferably, the starting Sita-
gliptin phosphate is crystalline Sitagliptin phosphate charac-
terized by a powder XRD pattern with peaks at4.7,13.5,17.7,
18.3, and 23.7£0.2 degrees two theta.

[0090] The term “granulation’ broadly refers to a process
comprising mixing the solid with a minimal amount of sol-
vent, and stirring, the mixture at about room temperature for
the time needed to cause the desired transformation. A
mechanical stirrer can be used in the process. Typically, about
0.1 0 about 0.2 ml of solvent is used per 1 gram of compound.
Preferably, the mixture is granulated using a rotary evapora-
tor.

[0091] In another embodiment, the present invention
encompasses a process for preparing Form II, comprising
exposing Sitagliptin phosphate characterized by a powder
XRD pattern with peaksat4.7,13.5,17.7, 18.3,and 23.7+0.2
degrees two theta to a C,-C, alcohol, where the alcohol is
preferably selected from the group consisting of ethanol,
methanol, and isopropanol.

[0092] In another embodiment, the present invention
encompasses a process for preparing the crystalline form VI
of Sitagliptin phosphate of the present invention, comprising,
providing a sharry of Sitagliptin phosphate, and an organic
solvent selected from the group consisting of acetonitrile
(ACN), and C,-C, alcohols, most preferably isopropanol;
heating the slurry; cooling the resulting mixture; and recov-
ering the obtained Farm VT of Sitagliptin phosphate. Option-
ally, Sitagliptin phosphate can be formed in situ starting from
Sitagliptin base and phosphoric acid. The Sitagliptin base or
the Sitagliptin phosphate are introduced as a mixture of from
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about 50% to about 85% of the enantiomer R, and from about
15% to about 50% of the enantiomer S, more preferably from
about 50% to about 80% of the enantiomer R, and from about
20% to about 50% of the enantiomer S, more preferably about
60% to about 80% of the enantiomer R, and from about 20%
to about 40% of the enantiomer S.

[0093] Preferably, from about 10 ml to about 70 ml of
acetonitrile, and, more preferably, about 25 ml to about 60 ml
are used per gram of the Sitagliptin phosphate. Preferably,
from about 2 ml to about 12 ml, and, more preferably, about
4 m! to about 10 ml of the organic solvent are used per gram
of the Sitagliptin.

[0094] Preferably, the Sitagliptin or the Sitagliptin salt,
which is combined with the ACN, is amorphous.

[0095] The obtained slurry is preferably heated to a tem-
perature of about 40 10 about reflux, more preferably, the
slurry is heated to about 60 to about reflux, and, most prefer-
ably, the slurry is heated to about reflux. To induce precipita-
tion, the slurry is then cooled to about 0° C. to about room
temperature, more preferably to about 0° C. to about 4° C,,
and preferably maintained for about 1 day to about 5 days,
and, more preferably, for about 3 days, to induce precipita-
tion.

[0096] When phosphoric acid is introduced into a mixture
of Sitagliptin and the organic solvent, preferably, it is added in
a dropwise manner. Preferably, the acid is added to a heated
solution or slurry of the Sitagliptin and the organic solvent,
where the heated solution or slurry is at a temperature of about
40° C. 1o about 65° C., and, more preferably about 45° C. 10
about 60° C.

[0097] Preferably, the chemical purity of the obtained Form
VI is more than 99.5%, and, more preferably, more than
99.9%.

[0098] In another embodiment, the present invention
encompasses another process for preparing amorphous Sita-
gliptin phosphate, comprising dissolving Sitagliptin phos-
phate in dimethylsulfoxide; and adding an antisolvent
selected form a group consisting of methyl] tert-butyl ether,
and tetrahydrofuran to obtain amorphous Sitagliptin phos-
phate.

[0099] The mixture is maintained at a temperature of about
0° C. for about 2 hours to induce precipitating.

[0100] In another embodiment, the present invention
encompasses another process for preparing amorphous Sita-
gliptin phosphate comprising combining Sitagliptin base and
phosphoric acid and an organic solvent selected from the
group consisting of diethy] carbonate, dimethyl carbonate,
and a mixture of cyclohexanone and methyl tert-butyl ether,
forming a slurry; and recovering the precipitate from the
mixture.

[0101] Preferably, the mixture is maintained at a tempera-
ture of about 15° C. to about 70° C., preferably about 20° C.
to about 50° C. for about 10 minutes to about 7 days, more
preferably for about 10 minutes to about an hour.

[6102] The obtained slurry is formed either by adding the
phosphoric acid to a slurry of the Sitagliptin base in the
organic solvent, or by adding the Sitagliptin base into a shurry
of the phosphoric acid in the organic solvent.

[6103] In another embodiment, the present invention
encompasses a process to obtain Sitagliptin phosphate mono-
hydrate comprising heating a mixture of Sitagliptin phos-
phate with water and an organic solvent selected from a group
consisting of methy! tert-butyl ether and acetonitrile; and
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recovering the precipitate. Alternatively, a mixture of Sita-
gliptin base and phosphoric acid can be introduced instead of
Sitagliptin phosphate.

[0104] Preferably, the mixture is heated to abowt 50° C. 1o
about 80° C., more preferably 60° C. to about 70° C., and then
cooled to about 0° C. to about 25° C. Recovering the product
may be carried out via any known method in the art, for
example by filtration or evaporation.

{0105} The invention further provides a pharmaceutical
formulation comprising the above described Sitagliptin phos-
phate crystalline forms. This pharmaceutical composition
may additionally comprise at least one pharmaceutically
acceplable excipient.

[0106]) The invention further provides a pharmaceutical
formulation comprising the above described Sitagliptin phos-
phate erystalline forms made by the processes of the present
invention, and one or more pharmaceutically acceptable
excipients. The compositions of the invention include pow-
ders, granulates, aggregates and other solid compositions
comprising the present invention form of Sitagliptin solid
crystalline.

[0107] The present invention also provides methods of
treating type 2 diabetes mellitus in a patient, preferably a
human, by administrating to the patient a pharmaceutical
composition comprising Sitagliptin phosphate crystalline
form as described herein. Preferably, the pharmaceutical
composition comprises a therapeutically effective amount of
Sitagliptin phosphate crystalline form.

|0108] The present invention also provides the use of the
above mentioned Sitagliptin phosphate crystalline forms, for
the manufacture of a pharmaceutical composition for the
treatment of type 2 diabetes mellitus.

[0109] Having described the invention with reference to
certain preferred embodiments, other embodiments will
become apparent to one skilled in the art from consideration
of the specification. The invention is further defined by ref-
erence {0 the following examples describing in detail the
preparation of the composition and methods of use of the
invention. It will be apparent to those skilled in the art that
many modifications, both to materials and methods, may be
practiced without departing from the scope of the invention.

Examples

X-Ray Power Diffraction:

[0110] X-Ray powder diffraction data was obtained by
using methods known in the art using a SCINTAG powder
X-Ray diffractometer model X’TRA equipped with a solid-
state detector. Copper radiation of 1.5418 A was used. A
round aluminum sample holder with zero background was
used. The scanning parameters included: range: 2-40 degrees
two-theta; scan mode: continuous scan; step size: .05 deg.;
and a rate of 3 deg/min. All peak positions are within =0.2
degrees two theta.

[0111] The PXRD peaks positions are calibrated using sili-
con powder as internal standard in an admixture with the
sample measured. The position of the silicon (111) peak was
corrected to be 28.45 degrees two theta. The positions of
Sitagliptin phosphate form peaks were corrected respectively.
(No correction was performed on the presented diffracto-
grams in the figures).

[0112] FIGS. 12 and 13 were obtained by using methods
known in the art using a Bruker X-Ray powder diffractometer
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model D8 advance equipped with lynxEye. Scan range:
2-40°, Step size: 0.05°. Time per step: 5.2 seconds.

NMR Parameters

[0113] *'P NMR at 202 MHz using Bruker Avance [I+ 500

|0114] SB probe using 4 mm rotors

[0115] Magic angle was set using KBr

[0116] Homogeneity of magnetic field checked using ada-
mantane

[0117] Parameters for Cross polarization optimized using
glycine

[0118] Spectral reference set according to Ammonium
Dihydrogeno Phosphate as external standard (0.00 ppm for
signal)

Scanning Parameters:

[0119] Magic Angle Spinning Rate: 11 kHz

[0120] Pulse Program: cp with tppm!15 during decoupling
[0121] Delay time: 25 s

[0122] STG (Sitagliptin) base form I can be obtained
according to the procedures described in PCT application No.
PCT/US08/01317.

Example 1

[0123] STG (Sitagliptin) base form I (100 mg) was dis-
solved in ethyl acetate {500 pL) at 25° C. Phosphoric acid
(85%, 17 pL, 1 eq) was then added and the mixture was beated
10 70° C., stirred at 70° C. for 2 hours, then cooled gradually
to 25° C. and stirred at 25° C. for 16 hours. The product was
isolated by vacuum filtration to obtain wet STG phosphate
crystalline form characterized by a powder XRD pattern with
peaksat4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 2

[6124] STG base form I (100 mg) was dissolved in tetrahy-
drofuran:water 2:1 (300 uL) at 25° C. Phosphoric acid (85%,
17 uL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually 10 25°
C. and stirred at 25° C. for 16 hours. The product was isolated
by vacuum filtration to obtain STG phosphate crystalline
form characterized by a powder XRD pattern with peaks at
4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 3

[0125] STG base form I (100 mg) was partially dissolved in
methy] isobutyl ketone (1000 uL) at 25° C. Phosphoric acid
(85%. 17 uL, 1 eq) was then added and the mixture was heated
to 70° C., stirred at 70° C. for 1.5 hours, then cooled gradually
10 25° C. and stirred at 25° C. for 16 hours. The product was
isolated by vacuum filtration to obtain wet STG phosphate
crystalline form characterized by a powder XRD pattern with
peaksat4.7,13.5,17.7, 18.3, and 23.720.2 degrees two theta.
The sample was dried at 50° C. for 16 hours under reduced
pressure to obtain STG phosphate crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.720.2 degrees two theta.

Example 4

[0126] STGbase form T (100 mg) was partially dissolved in
dioxane (1000 uL) at 25° C. Phosphoric acid (85%, 17 pL. 1
eq) was then added and the mixture was heated 10 70° C,,
stirred at 70° C. for 1.5 hours, then cooled gradually to 25° C.
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and stirred at 25° C. for 16 bours. The product was isolated by
vacuum filtration to obtain wet STG phosphate crystalline
form characterized by a powder XRD pattern with peaks at
4.7,13.5,17.7, 18.3, and 23.7x0.2 degrees two theta.

Example 5

[0127] STG base form1 (100 mg) was partially dissolved in
dimethyl carbonate (1000 plL) at 25° C. Phosphoric acid
(85%, 17 L, 1 eq) was thenadded and the mixture was heated
to 70° C., stirred at 70° C. for 2 hours, then cooled gradually
to 25° C. and stirred at 25° C. for 16 hours.

[0128] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II

[0129] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta,

Example 6

[0130] STG base form I (100 mg) was dissolved in acetone
(100 uL)at 25°C. Then. n-Hexane was added (500 uL) at 25°
C. Two phases were formed. Phosphoric acid (85%, 17uL, |
eq) was then added and the mixture was heated to 70° C.,
stirred at 70° C. for 2 hours, then cooled gradually to 25° C.
and stirred at 25° C. for 16 hours.

[0131] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form characterized by
a powder XRD patiern with peaks at 4.7,13.5,17.7,18.3, and
23.7£0.2 degrees two (heta.

Example 7

[0132] STG base form 1 (100 mg) was dissolved in acetone
(100 uL) at 25° C. Phosphoric acid (85%, 17 pL, 1 ¢q) and
n-Hexane (500 pL) were then added and the mixture was
heated 10 70° C,, stirred at 70° C. for 2 hours, then cooled
gradually to 25° C. and stirred at 25° C. for 16 hours.
[0133] The product was isolated by vacuum filiration to
obtain wet STG phosphate crystalline form characterized by
a powder XRD pattern with peaks at4.7,13.5,17.7,18.3, and
23.7+0.2 degrees two theta.

Example 8

[0134] STG base form I (100 mg) was dissolved in acetone
(100 pL) at 25° C. Phosphoric acid (85%, 17 uL, 1 eq) and
n-Heptane (500 pL) were then added and the mixture was
heated to 70° C., stirred at 70° C. for 2 hours, then cooled
gradually to 25° C. and stirred at 25° C. for 16 hours.
[0135] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form characterized by
apowder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23.7+0.2 degrees two theta.

Exampie 9

[0136] STG base form 1 (100 mg) was dissolved in acetone
(100 pL) at 25° C. Phosphoric acid (85%, 17 pL, 1 eq) and
cyclopentyl methyl ether (1000 pL) were then added and the
mixture was heated to 70° C., stirred at 70° C. for 2 hours,
then cooled gradually to 25° C. and stirred at 25° C. for 16
hours.

[0137] The product was isolated by vacuum filiration to
obtain a mixture of wet STG phosphate crystalline form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
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17.7, 183, and 23.7+0.2 degrees two theta and form I1. The
sample was dried in vacuum oven at 50° C. 24 hours to obtain
STG phosphate crystalline form characterized by a powder
XRD pattern withpeaksat 4.7,13.5,17.7,18.3,and 23.7+0.2
degrees two theta.

Example 10

[0138] STG base form I (100 mg) was dissolved in aceione
(300 pL) at 25° C. Phosphoric acid {85%, 17 pL, 1 eq) and
dibuty] ether (1000 pL) were then added and the mixture was
heated to 70° C., stirred at 70° C. for 2 hours, then cooled
gradually 1o 25° C, and stirred at 25° C. for 16 hours.
10139] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form characterized by
apowder XRD pattern with peaksat 4.7, 13.5,17.7, 18 3, and
23.710.2 degrees two theta.

Example 11

[0140] STG base form 1 {100 mg) was dissolved in methyl
ethyl ketone (1000 pL) at 25° C. Phosphoric acid (85%, 17
pL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred at 25° C. for 16 hours. The product was jsolated
by vacuum filtration to obtain wet STG phosphate crystalline
form 11.

Example 12

[0141] STG base form 1 (100 mg) was dissolved in acetone
(300 uL) at 25° C. Phosphoric acid (85%, 17 pL, 1 eq) and
cyclohexane (1000 pl.) were then added and the mixture was
heated to 70° C., stirred at 70° C. for 2 hours, then cooled
gradually to 25° C. and stirred at 25° C. for 16 hours.

[0142] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form 11

Example 13

[0143] STG phosphate Form characterized by a powder
XRD pattern with peaks at 4.7, 13.5,17.7,18.3, and 23.7£0.2
degrees two theta (50 mg) was dissolved in dimethylsulfoxide
(0.05 ml) at 25° C. Then iso-Butanol (1 ml) was added at 25°
C. The solution formed was slurry (crystallization occurred)
and was cooled in ice water bath for 2 hrs.

10144] The product was isolated by vacuum filiration to
obtain wet STG phosphate crystalline form II.

[0145]) The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with pedks at 4.7,
13.5,17.7, 18.3, and 23.720.2 degrees two theta.

Example 14

[0146] STG phosphate Form characterized by a powder
XRD pattern withpeaksat4,7,13.5,17.7, 18.3,and 23.7+0.2
degrees two theta (50 mg) was dissolved in dimethylsulfoxide
(0.05 ml) at 25° C. Then Acetonitrile (1 ml) was added at 25°
C. Crystallization occurred and the mixture was cooled in ice
water bath for 16 hours.

[0147] The produet was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form 1I.

Example 15

[0148] STG phosphate Form characterized by a powder
XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.720.2
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degrees two theta (50 mg) was dissolved in dimethylsulfoxide
(0.05 ml) at 25° C. Then diethyl ether (1 ml) was added at 25°
C. The solution formed was a shurry (crystallization occurred)
and was cooled in ice water bath for 2 hours.

[0149] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form 1I.

Example 16

[0150] STG phosphate Form characterized by a powder
XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7=0.2
degrees two theta (50 mg) was dissolved in dimethylsulfoxide
(0.05 ml) at 25° C. Then diethy] carbonate (1 ml) was added
at 25° C. The solution formed was a slurry (crystallization
occurred) and was cooled in ice water bath for 2 howrs.
[0151] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 17

[0152] STG base form ] (100 mg) was partially dissolved in
tetrahydrofiran (500 pL) at 25° C. Phosphoric acid (85%, 17
nL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred at 25° C. for 16 hours. The product was isolated
by vacuum filtration to obtain wet STG phosphate crystalline
form 1. ’

[0153] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peuks at 4.7,
13.5,17.7,18.3, and 23.7+0.2 degrees two theta.

Example 18

[0154] STG base form 1 (100 mg) was dissolved in aceto-
nitrile (500 uL) at 25° C. Phosphoric acid (85%, 17 UL, 1eq)
was then added and the mixture was heated to 70° C., stirred
at 70° C. for 2 houwrs, then cooled gradually to 25° C. and
stirred at 25° C. for 16 hours.

[6155] The product was isolated by vacuum filtration to
obtain a mixture of wet STG phosphate crystalline form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
17.7,18.3, and 23.7£0.2 degrees two theta and form I
[0156] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta,

Example 19

[0157] STG base form 1 (100 mg) was dissolved in ethanol
{500 pL) at 25° C. Phosphoric acid (85%, 17 uL, 1 eq) was
then added and the mixture was heated to 70° C., stirred at 70°
C. for 2 hours, then cooled gradually to 25° C. and stirred at
25° C. for 16 hours.

j0158] The product was isolated by vacuum filtration o
obtain wet STG phosphate crystalline form II.

Example 20

[0159] STG base form I (100 mg) was dissolved in methyl
acetate (1000 uL) at 25° C. Phosphoric acid (85%, 17 pL, 1
eq) was then added and the mixture was heated to 70° C.,
stirred at 70° C. for 2.5 hours, then cooled gradually to 25° C.
and stirred at 25° C. for 16 hours.

{0160} The product was isolated by vacuwn filtration to
obtain wet STG phosphate crystalline form 11.
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Example 21

[0161] STG base form I (100 mg) was dissolved in propy-
lene plycol methyl ether (1000 pL) at 25° C. Phosphoric acid
(R5%, 17 uL., 1 eq) was then added and the mixture was heated
to 70° C., stirred at 70° C. for 2.5 hours, then cooled gradually
to 25° C. apd stirred at 25° C. for 16 hours.

[0162] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

[0163] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.720.2 degrees two theta.

Example 22

[0164] STG base form I (100 mg) was dissolved in dim-
ethyl formamide (1000 pL) at 25° C. Phosphoric acid (85%,
17 uL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred at 25° C. for 16 hours. The product was isolated
by evaporation 10 obtain wet STG phosphate crystalline form
IL.

Example 23

{0165] STG base form I (100 mg)was dissolved in dimeth-
ylsulfoxide (200 pL) at 25° C. Phosphoric acid (85%, 17 pL,
1 eq) was then added and the mixture was heated to 70° C.,
stirred at 70° C. for 2 hours, then cooled gradually to 25° C.
and stirred at 25° C. for 16 hours. The product was isolated by
evaporation, addition of methanol and vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 24

[0166] STG base form ! (100 mg) was dissolved in dim-
ethyl formarmide (500 pL) at 25° C. Phosphoric acid (85%, 17
ul, 1 eq) was then added and the mixture was heated to 70°
C.,, stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred at 25° C. for 16 hours. The product was isolated
by vacuum filtration to obtain wet STG phosphate crystalline
form I1.

Example 25

[0167] STG base form I (100 mg) was dissolved in acetone
(100 pL) at 25° C. Phosphoric acid (85%, 17 pL, 1 eq) and
iso-butyl acetate (500 pL) were then added and the mixture
was heated to 70° C., stirred at 70° C. for 2 hours, then cooled
gradually to 25° C. and stirred at 25° C. for 16 hours.

f0168] The product was isolated by vacuum fltration to
obtain STG phosphate crystalline form IL

Example 26

[0169] STG base form I (100 mg) was dissolved in acetone
(100 pL) at 25° C. Phosphoric acid (85%, 17 pL, 1 eq) and
iso-propyl acetate (1000 uL) were then added and the mixture
was heated to 70° C,, stirred at 70° C. for 2 hours, then cooled
gradually 10 25° C, and stirred at 25° C. for 16 hours.

[0170} The product was isolated by vacuum filtration to
obtain STG phosphate crystalline form 1.

[0171] The sample was dried at 50° C. for about 24 hours
under reduced pressure to obtain STG phosphate crystalline
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form characterized by a powder XRD pattern with peaks at
4,7,13.5,17.7,18.3, and 23.7+0.2 degrees two theta.

Example 27

[0172] STG base form I (100 mg) was dissolved in acetone
(300 pL) at 25° C. Phosphoric acid (85%, 17 pL, 1 eq) and
n-butapol (1000 uL) were then added and the mixture was
heated to 70° C., stirred at 70° C. for 2 hours, then cooled
gradually to 25° C. and stirred at 25° C. for 16 hours.
[0173) The product was isolated by vacuum filtraticn to
obtain wet STG phosphate crystalline form 1I.

Example 28

10174] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in aceto-
nitrile (1 ml) at 25° C., then heated to 70° C., stirred at 70° C.
for 5 hours, cooled gradually to 10° C. and remained at 10° C,
for 16 hours.

[0175] The product was isolated by vacuum filtration to
obtain STG phosphate crystalline form IL

Example 25

[0176] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in metha-
nol (1 ml) at room temperature, then heated to 50° C., stirred
at 50° C. for 5 hours, cooled gradually to 10° C. and remained
at 10° C. for 16 hours.

[0177] The product was isolated by vacuum filtration to
obtain STG phosphate crystalline form II.

Example 30

[0178] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in acetone
(1 ml) at room temperature, then heated to 50° C., stirred at
50° C. 5 for hours, cooled gradually to 10° C, and remained at
10° C. for 16 hours.

[0179] The product was isolated by vacuum filtration to
obtain STG phosphate crystalline form I1.

Example 31

[0180] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in tetrahy-
drofuran (1 ml) at room temperature, then heated to 50° C.,
stirred at 50° C, for 5 hours, cooled gradually to 10° C. and
remained at 10° C. for 16 hours.

'[0181] The product was isolated by vacuum filtration to

obtain wet STG phosphate crystalline form 11.

Example 32

[0182] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was shurried in n-Bu-
tanol (1 ml) at room temperature, then heated to 95° C., stirred
at that temperature for 5 hours, conled gradually to 10° C. and
remained at 10° C. for 16 hours.
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[0183] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form I1.

Example 33

[0184] Sitagliptin dihydrophosphate form characterized by
apowder XRD) pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23 7+0.2 degrees two theta (0.03g) was slumried in 0.3 ml
n-butanol at 25° C., under magnetic stirring for 24 hours. The
product was isolated by filtration. The wet material was ana-
lyzed by XRD and found to be Sitagliptin dihydrophospbate
Form II.

Example 34

[0185] STG phosphate (50 mg, crystaltine form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta) was shuried in iso-
Butanol (1 ml) at room temperature, then heated to 95° C,,
stirred at that temperature for 5 hours, cooled gradually to 10°
C. and remained at 10° C. for 16 hours.

[0186] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 35

[0187) Sitagliptin dihydrophosphate form characterized by
apowder XRD pattern with peaks at 4.7, 13.5,17.7,18.3, and
23.7+0.2 degrees two theta (0.05g) was shuried in 1 m] iso-
BuOH at 50° C., under magnetic stirring for 3 hours and at 10°
C. for 16 hours. The product was isolated by filtration. The
wet material was analyzed by XRD and found to be Sitaglip-
tin dihydrophosphate Form 11.

Example 36

[0188] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
183, and 23.7+0.2 degrees two theta) was slurried in toluene
(1 ml) at room temperature, then heated to 95° C., stirred at
that temperature for 5 hours, cooled gradually to 10° C. and
remained at 10° C. for 16 hours.

[6189] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 37

[0190] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.720.2 deprees two theta) was slurried in N,N-
Dimethy] Formamide (1 ml) at room temperature, then heated
1o 70° C., stirred atl that temperature for 4 hours, cooled
gradually to 10° C. and remained at 10° C. {or 16 hours. The
product was isolated by vacuum filtration to obtain wet STG
phosphate crystalline form II.

Example 38

[0191] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in N,N-
Dimethyl Formamide (0.5 ml) at room temperature. Then
Methyl iso-Butyl Ketone (0.5 ml) was added at room tem-
perature. The solution formed was slurry and stirred for 16
hours.
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[0192] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 39

[0193) STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in N,N-
Dimethyl Formamide (0.5 ml) at room temperature. Then
n-butanol (0.5 ml) was added at room temperature. The solu-
tion formed was slurry and stirred for 16 hours. The product
was isolated by vacunm filiration to obtain wet STG phos-
phate crystalline form II.

Example 40

10194] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in propy-
lene glyco! (0.025 ml) at 25° C. for 16 bours.

[0195] The product was isolated by vacuum filtration to
obtain wet STG phospbate crystalline form II.

Example 41

[0196] STG base FormI{100 mg) was slurried inn-butanol
(1000 pL) at 25° C. Phosphoric acid (85%, 17 pL., 1 eq) was
then added and the mixture was heated to 70° C., stirred at 70°
C. for 2 hours, then cooled gradually to 25° C. and stirred at
25° C. for 16 hours.

[0197] The product was isolated by vacoum filtration to
obtain wet STG phosphate crystalline form II.

[0198] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characlerized by a powder XRD pattem with peaks at 4.7,
13.5,17.7,18.3, and 23.7+0.2 degrees two theta.

Example 42

[0199] STG base Form T (100 mg) was slurried in iso-
propanol (1000 pL) at 25° C. Phosphonc acid (85%, 17 pL, 1
eq) was then added and the mixture was heated to 70° C.,
stirred at 70° C. for 2.5 hours, then cocled gradually to 25° C.
and stirred at 25° C. for 16 hours. The preduct was isolated by
vacuum filtration to obtain wet STG phosphate crystalline
form IL

Example 43

[0200] STG base Form I (100 mg) was slurried in 1-pro-
panol (1000 uL) at 25° C. Phosphoric acid (85%, 17 uL, 1 eq)
was then added and the mixture was heated to 70° C., stirred
at 70° C. for 2 hours, then cooled gradually to 25° C. and
stirred at 25° C. for 16 hours.

{0201] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form I1.

[0202] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 44

[0203] Sitagliptin dihydrophosphate form characterized by
a powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23.7+0.2 degrees two theta (0.03g) was slurried in 0.3 ml
1-propanol at 25° C., under magnetic stirring for 24 hours.
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The product was isolated by filtration. The wet material was
analyzed by XRD and found to be Sitagliptin dihydrophos-
phate Form IL

Example 45

10264] STG base Form 1 (100 mg) was slurried in iso-
propy] acetate (1000 pL) at 25° C. Phosphoric acid (85%, 17
uL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred a1 25° C. for 16 hours. The product was isolated
by vacuum filtration to obtain wet STG phosphate crystalline
form IL

Example 46

[0205] STG phesphate (50 mg, crystalline forn character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in propy-
lene glycol methy! ether (0.25 m!) at 25° C. for 16 hours.
[0206] The product was isolated by vacuum filtration to
obtain a wet STG phosphate crystalline form 11.

Example 47

[0207] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta) was slurried in chloro-
form (0.25 m}) at 25° C., then cooled gradually to 25° C. and
stirred at 25° C. for 16 hours.

10208] The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 48

[0209] STG base Form I (100 mg) was slurried in iso-
propy] acetate (1000 pL) at 25° C. Phosphoric acid (85%, 17
pL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred at 25° C. for 16 hours. The product was isolated
by vacuum filtration to obtain a mixture of wet STG phos-
phate crystalline form II and form characterized by a powder
XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3,and 23.720.2
degrees two theta.

[0210] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain a mixture of STG phosphate crys-
talline form characterized by a powder XRD pattern with
peaksar4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 49

[0211] Sitagliptin dihydrophosphate form characterized by
a powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3, and
23.7£0.2 degrees two theta (0.03 g) was slurried in 1 ml
acetonitrile at 30° C., under magnetic stirring for 3 hours and
at 10° C. for 16 hours. The product was isolated by filtration.
The wet material was analyzed by XRD and found to be
Sitagliptin dihydrophosphate Form II.

Example 50

[0212] Sitagliptin dihydrophosphate form characterized by
a powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3,and
23.7+0.2 degrees two theta (0.03 g) was shurried in 0.3 ml
ethanol at 25° C., under magnetic stirring for 24 hours. The
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product was isolated by filtration. The wet material was ana-
lyzed by XRD and found to be Sitagliptin dihydrophosphate
Form II.

Example 51

[0213] Sitagliptin dihydrophosphate fonm characterized by
apowder XRD pattern with peaks at 4.7,13.5,17.7, 18.3, and
23.720.2 degrees two theta (0.03 g) was slurried in 0.3 ml
iso-propy] alcohol at 25° C., under magnetic stirring for 24
hours. The product was iselated by filtration. The wet mate-
rial was analyzed by XRD and found to be Sitagliptin dihy-
drophosphate Form II.

Example 52

[0214] Sitagliptin dihydrophosphate form characterized by
apowder XRD pattern with peaksat 4.7,13.5,17.7,18.3, and
23.7+0.2 degrees two theta (0.03 g) was slurried in 0.3 ml
diethylcarbonate at 25° C., under magnetic stirring for 24
hours. The product was isolated by filtration. The wet mate-
rial was analyzed by XRD and found to be Sitagliptin dihy-
drophosphate Form II.

Example 53

[0215] Sitagliptin dihydrophosphate form characterized by
apowder XRD pattern with peaks at 4.7,13.5,17.7,18.3, and
23.7+0.2 degrees two theta (0.03 g) was grapulated with
0.006 ml isopropyl alcohol at 25° C., in a rotavapor for 5-12
hours. The wet material was analyzed by XRD and found to
be Sitagliptin dihydrophosphate Form II.

Example 54

[0216} STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta) was dissolved i dim-
ethylsulfoxide (0.05 mli) at 25° C. Then Methyl iso-Butyl
Ketone (1 ml) was added at room temperature. The solution
formed was slurry (crystallization occwrred) and was cooled
in ice water bath for 2 hours.

[0217] The product was isolated by vacuum filtration to
obtain STG phosphate form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2
degrees two theta.

Example 55

[0218] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was dissolved in dim-
ethylsulfoxide (0.05 ml) at 25° C. Then Tetrahydrofuran (1
ml) was added at 25° C. The solution formed was slurry
(crystallization ocenrred) and was cooled in ice water bath for
16 hours.

|0219]) The product was isolated by vacuum filtration to
obtain wet amorphous STG phosphate.

Example 56

[0220] STG phosphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.7+0.2 degrees two theta) was dissolved in dim-
ethylsulfoxide (0.05 ml) at 25° C. Then methyl t-buty] ether
(1 ml) was added at 25° C. The solution formed was slurry
(crystallization occurred) and was cooled in ice water bath for
16 hours.
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[0221] The product was isolated by vacuum filtration to
obtain wet amorphous STG phosphate.

[0222] The sample was dried at 50° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.70.2 degrees two theta.

Example 57

[0223] STG phesphate (50 mg, crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5,17.7,
18.3, and 23.720.2 degrees two theta) was shuried in water
(300 uL) at 25° C., then heated to 60° C. and was dissolved at
that femperature.

[0224] Then methy] t-butyl ether (250 pL) was added and
the solution was cooled in an ice water bath, and stirred for 2
hours. Crystallization occurred.

[0225) The product was isolated by vacuum filtration o
obtain wet STG phosphate monohydrate.

Example 58

[0226] STG base Form I (100 mg) was dissolved in aceto-
nitrile:water 1:1 (300 pL) at 25° C. Phosphoric acid (85%, 17
KL, 1 eq) was then added and the mixture was heated to 70°
C., stirred at 70° C. for 2 hours, then cooled gradually to 25°
C. and stirred a1 25° C. for 16 hours. The product was isolated
by evaporation to obtain wet STG phosphate crystalline
monohydrate,

Example 59

[0227] Sitagliptin dihydrophosphate form V, characterized
by a powder XRD pattern with peaks at 4.7, 13.5,17.7, 18.3,
and 23.7+0.2 degrees two theta (0.03 g) was granulated with
0.006 ml

[0228] Iso-propanol:water 1:1 at 25° C., in a rotavapor for
9-12 hours. The wet material was analyzed by XRD and
found to be Sitagliptin dihydrophosphate monohydrate.

Example 60

[0229] STG base Form 1(500 mg) was sfurried in acetoni-
trile (2.5 mL) at 25° C. Phosphoric acid (85%, 83 pL, 1 &q)
was then added and the mixture was stirred at 25° C. for 35
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 61

[0230] STG base Form I (500 mg) was slurried in toluene
(2.5 mL) at 25° C. Phosphoric acid (85%, 83 uL, 1 eq) was
then added and the mixture was stirred at 25° C. for 12
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form 11.

[0231] The sample was dried at 40° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18 3, and 23.7+0.2 degrees two theta.

Example 62

[0232] STG base Form I (500 mg) was slurried in acetoni-
trile (1 mL) at 70° C. Phosphoric acid (85%, 83 uL, 1 eq) was
then added and the mixture was stirred at 70° C. for 10
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form I1.
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[0233] The sample was dried at 40° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7,18.3, and 23.7+0.2 degrees two theta.

Example 63

[0234] STG base Form 1 (500 mg) was slurried in diethyl
carbonate (2.5 mL) at 25° C. Phosphoric acid (85%, 83 L, 1
eq) was then added and the mixture was stirred at 25° C. for
10 minutes.

{0235] The product was isclated by vacuum filiration to
obtain wet STG phosphate amorphous.

Example 64

[0236] STG base Form 1 (500 mg) was slurrded in isobutyl
acetate (2.5 L) at 25° C. Phosphoric acid (85%, 83 L, 1 eq)
was then added and 1he mixture was stirred at 25° C. for 10
minutes.

[0237] The product was isolated by vacuum filtration to
obtain wet STG phosphate form I1.

Example 65

[0238] STG base Form 1 (500 mg) was shirried in n-butanol
(2.5 mL) at 25° C. Phosphoric acid (85%, 83 uL, 1 eq) was
then added and the mixture was stirred at 25° C. for 25
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

Example 66

[0239] STG base Form 1 (500 mg) was slurried in 1-pro-
panol (2.5 mL) at 25° C. Phosphoric acid (85%, 83 pL, 1 eq)
was then added and the mixture was stirred at 25° C. for 18
minutes. The product was isclated by vacuum filtration to
obtain wet STG phosphate form II.

Example 67

[0240} STG base Form 1 (500 mg) was dissolved in dim-
ethyl carbonate (2.5 mL) at 74° C. Phosphoric acid (85%, 83
uL, 1 eq) was then added and the mixture was stirred at 74° C.
for 13 minutes.

[0241] The preduct was isolated by vacuum filtration to
obtain wet STG phosphate form I1.

Example 68

[0242] STG base Form I (500 mg) was dissolved in diethyl
carbonate (2.5 mL) at 74° C. Phosphoric acid (85%, 83 L, 1
eq) was then added and the mixture was stirred at 74° C. for
20 minutes.

[0243] The product was isolated by vacuum filtration 1o
obtain wetl STG phosphate form I1.

Example 69

[0244] STG base Form ] (500 mg) was sharied in isobutyl
acetate (2.5 mL) at 74° C. Phosphoric acid (85%, 83 puL, 1 eq)
was then added and the mixture was stirred at 74° C. for 30
minutes.
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[0245] The product was isolated by vacuum filtration to
obtain wet STG phosphate form characterized by a powder
XRD pattern withpeaks at 4.7,13.5,17.7, 18.3,and 23.720.2
degrees two theta.

Example 70

[0246] STG base Form I (500 mg) was shirried in n-Butanol
(2.5 mL) at 74° C. Phosphoric acid (85%, 83 pL, 1 eq) was
then added and the mixture was stirred at 74° C. for 18
minutes. The product was isolated by vacuum filtmtion to
obtain wet STG phosphate form II. The sample was dried at
40° C. for 16 hours under reduced pressure 1o obtain STG
phosphate crystalline form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.720.2
degrees two theta.

Example 71

[0247] STG base Form I (500 mg) was slurried in 1-pro-
panol (2.5 mL) at 74° C. Phosphoric acid (85%, 83 uL, 1 eq)
was then added and the mixture was stirred at 74° C. for 23
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate crystalline form II.

[0248) The sample was dried at 40° C. for 16 hours under
reduced pressure to obtain STG phosphate crystalline form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 72

[0249] STG base Form } (500 mg) was slurried in methyl
isobutyl ketone (2.5 mL) at 74° C. Phosphoric acid (85%, 83
nL, 1 eq) was then added and the mixture was stirred at 74° C.
for 25 minutes.

[0250] The product was isolated by vacuum filtration to
obtain wet STG phosphate form characterized by a powder
XRD pattern with peaks at4.7,13.5,17.7, 18.3, and 23.7+0.2
degrees two theta.

[0251] The sample was dried at 40° C. for 16 hours under
reduced pressure 1o obtain STG phosphate crystalline form
characlerized by a powder XRD pattem with peaks at 4.7,
13.5,17.7, 18.3, and 23.720.2 degrees two theta.

Example 73

{0252] STG base Form 1 (500 mg) was shurried in dimethyl
carbonate (5.5 mL) at 50° C. Phosphoric acid (85%, 83 pL, 1
eq) was then added and the mixture was stirred at 50° C. for
8 minutes.

[0253] The product was isolated by vacuwmn filtration to
obtain wet STG phosphate amorphous.

Example 74

f0254] STG base Form 1 (500 mg) was slurried in diethyl
carbonate (10 mlL) at 50° C. Phosphoric acid {85%, 83 pL, 1
eq) was then added and the mixture was stirred at 50° C. for
15 minutes.

[0255] The product was isolated by vacuum filtration to
obtain wet STG phosphate amorphous.

Example 75

[0256] STG base FormI (500 mg) was slurried in n-butanol
(3.5 mL) at 50° C. Phosphoric acid (85%, 83 pL, 1 eq) was
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then added and the mixture was stirred at 50° C. for 1.25
hours. The product was isolated by vacuum filtration to obtain
wet STG phosphate form 11

Example 76

[0257] STG base Form 1 (500 mg) was slurried in 1-pro-
panol (3.5 mL) at 50° C. Phosphoric acid (85%, 83 ul. 1 eq)
was then added and the mixture was stirred at 50° C. for 1.25
hours. The product was isolated by vacuum filtration to obtain
wet STG phosphate form 1.

Example 77

[0258] STG base Form I (500 mg)} was slurried in acetoni-
trile (1.5 mL) at 50° C. Phosphoric acid (85%, 83 pL, 1 eq)
was then added and the mixture was stirred at 50° C. for 10
minutes. The product was isolated by vacuum filtration to
obtain wet STG phosphate form II.

Example 78

[0259] STG base Form I (500 mg) slurried in acetonitrile
(1.5 mL) at 70° C. was added dropwise to phosphoric acid
(85%, 83 pL. 1 eq) in acelonitrile (1.5 mL) at 70° C. The
mixture was stirred at 70° C. for 10 minutes,

[0260] The product was isolated by vacuum filtration to
obtain wet STG phosphate form I1.

Example 79

[0261] STGbaseForm1 (500 mg}slurried in acetonitrile (1
mL) at 70° C. was added dropwise to phosphoric acid (85%,
83 pL, 1 eq) in toluene (2.5 mL) at 70° C. The mixture was
stirred at 70° C. for 15 minutes.

[0262] The product was isolated by vacuum filtration to
obtain wet STG phosphate form characterized by a powder
XRD pattern with peaks at4.7,13.5,17.7,18.3, and 23.720.2
degrees two theta,

[0263] The sample was dried at 40° C. for 16 hours vnder
reduced pressure to obtain STG phosphate form character-
ized by a powder XRD pattern with peaks a1 4.7, 13.5,17.7,
18.3, and 23.7+0.2 degrees two theta.

Example 80

[0264] STG base Form 1 (500 mg) slurried in 1-propanol
(1.5 mL) at 72° C, was added dropwise to phosphoric acid
(85%, 83 puL, 1 eq) in l-propancl (1.5 mE) at 70° C. The
mixture was stirred at 70° C. for 15 minutes.

[0265] The product was isolated by vacuum filtration to
obtain wet STG phosphate form II.

Example 81

[0266]) STG base Form I (500 mg) slurried in acetonitrile
(2.5 mL) at 25° C. was added dropwise to phosphoric acid
(85%, 83 pL, 1 eq) inn-Butanol (S mL)at 25° C. The mixture
was stirred at 25° C. for 15 minutes.

[0267] The product was isolated by vacuum filtration to
obtain wet STG phosphate form II. The sample was dried in
vacuum oven at 40° C. 16 hours to obtain STG phosphate
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crystalline form characterized by a powder XRD pattern with
peaks at4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 82

[0268] STG base Form 1 (500 mg) slurried in acetonitrile
(2.5 mL) at 50° C. was added dropwise to phosphoric acid
(85%, 83 L, 1 eq) in n-Butanol (5 mL) at 50° C. The mixture
was stirred at 50° C. for 35 minutes.

[0269] The product was isolated by vacvum filtration to
obtain a mixture of wet STG phosphate crystalline form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
17.7,18.3, and 23.7+0.2 degrees two theta and form 11. The
sample was dried in vacoum oven at 40° C. 16 hours to obtain
STG phosphate crystalline form characterized by a powder
XRD pattem with peaksat4.7,13.5,17.7,18.3,and 23.7£0.2
degrees two theta.

Example 83

[0270] STG base Form I (500 mg) slurried in dimethyl
carbonate (2.5 mL) at 50° C. was added dropwise to phos-
phoric acid (85%, 83 pL, 1 eq) inn-Hexane (2.5 mL) at 50° C.
The mixture was stirred at 50° C. for 10 minutes.

10271] The product was isolated by vacuum filtration to
obtain a mixture of wet STG phosphate crystaltine form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
17.7, 18.3, and 23.7+0.2 degrees two theta and form I1. The
sample was dried in vacuum oven at 40° C. 16 hours to obtain
STG phosphate crystalline form characterized by a powder
XRD pattern with peaks at4.7,13.5,17.7, 18.3, and 23.7+0.2
degrees two theta.

Example 84

[0272] STG base Form I (500 mg) slurried in cyclohex-
anone (5 mL) at 25° C. was added dropwise to phosphoric
acid (85%, 83 uL, 1 eq) in methyl tert-buty] ether (1 mL) at
25° C. The mixture crystallized after 30 minutes and was
stirred for 45 minutes at 25° C.

[0273) The product was isolated by vacuwum filtration to
obtain wet amorphous STG phosphate. The sample was dried
in vacuum oven at 40° C, 16 hours to obtain STG phosphate
crystalline form monohydrate,

Example 85

[0274] STG base Form I (500 mg) was added in portions to
phosphoric acid (85%, 83 pL, 1 eq) in cyclopenty] methyl
ether (5mL)at 25° C. The mixture was stirred at 25° C. for 25
minutes., The product was isolated by vacuum filtration to
obtain a mixture of STG phosphate crystalline form charac-
terized by a powder XRD pattern with peaks at4.7, 13.5,17.7,
18.3, and 23.740.2 degrees two theta and form 11. The sample
was dried in vacuum oven at 40° C. 16 hours to obtain STG
phosphate crystalline form characterized by a powder XRD
patiern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2
degrees two theta.

Example 86

[0275) STG base Form I (500 mg) slurried in cyclohex-
anone (5 mlL) at 25° C. was added dropwise to phosphoric
acid (85%, 83 pL, 1 eq) in methyl tert-butyl ether (1 mL) at
25° C. The mixture crystallized after 30 minutes and was
stirred for 3 hours and 20 minutes at 25° C. The product was
isolated by vacuum filtration to obtain wet amorphous STG
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phosphate. The sample was dried in vacuum oven at 40° C. 16
hours to obtain STG phosphate crystalline form monohy-
drate.

Example 87

[0276] STG base Form 1 (500 mg) slurried in cyclohex-
anone (5 mL) at 25° C. was added dropwise to phosphoric
acid (85%, 83 pL, 1 eq) in methy] tert-butyl ether (1 mL) at
25° C. The mixmure crystallized after 30 minutes and was
stirred for 1 week at 25° C.

[02771 The product was isolated by vacuum fitration to
obtain wet amorphous STG phosphate. The sample was dried
in vacuum oven at 40° C. 16 hours to obtain STG phosphate
crystalline form monchydrate.

Example 88

[0278) STG base Form ] (5.6 g, 13.8 mmol) was dissolved
in ethancl-water (18 mi-13 ml) at 50° C. To that solution,
85%-H,PO, (0.92 ml, 13.8 mmol) was added at once with
stirring. The solution was at 64-68° C. for an hour, and then
the stirred solution was cooled to 25° C. for 40 min. The
product was precipitated after additional stirring at 25° C. for
20 minutes. Ethanol (90 ml) was added to suspension, and the
suspension was stirred at 25° C. for 18 hours. The solid was
fiered, washed with ethanol (12 ml), dried at 50° C. under
vacuum for 7 hours to give STG phosphate (6.0 g). The solid
was analyzed by XRD and found to be STG phosphate Form
characterized by a powder XRD pattern with peaks at 4.7,
13.5, 17.7, 18.3, and 23.7+0.2 degrees two theta. The STG
phospbate Form V, characterized by a powder XRD pattern
with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7+0.2 degrees two
theta (30 mg) was placed in a 50 ml- beaker. The opened
beaker was kept in closed 100 ml-vessel containing 20 ml of
methy] tert-buty} ether at 25° C. for 40 days. The solid was
analyzed by XRD and found to be STG phosphate Form
characterized by a powder XRD pattern with peaks at 4.7,
13.5,17.7, 18.3, and 23.7+0.2 degrees two theta with higher
crystallinity.

Example 89

[0279] STG base (500 mg) was slurried in butyl acetare (2.5
mlL) at 25° C., and was added drop-wise to phosphoric acid
(85%, 83 plL., 1 eq) in butyl acetate (3.5 mL) at 25° C. The
mixture was stirred at 25° C. for 20 minutes. The product was
isolated by vacuum filtration to obtain wet STG phosphate
crystalline form characterized by a powder XRD pattern with
peaksat 4.7,13.5,17.7,18.3, and 23.7+0.2 degrees two theta.
The sample was dried at 40° C. for 16 hours under reduced
pressure o obtain STG phosphate crystalline form character-
ized by a powder XRD pattern with peaks at 4.7, 13.5, 17.7,
18.3, and 23.710.2 degrees two theta.

Example 90

[0280] STG base (800 mg) was dissolved in methanol (2
mL) at 25° C., and heated to 50° C. Phosphoric acid (85%,
131 uL, I eq) in methano! (1 mL) was then added drop-wise,
and the mixture was stirred at 50° C. The solution formed a
very thick slurry. Therefore, 9 ml methanol was added in
portions, and then stirred at 50° C. for 1 hour and at 25° C. for
16 hours. The sample was dried at 40° C. for 16 hours under
reduced pressure to obtain STG phosphate crystatline form
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characterized by a powder XRD panem with peaks at 4.7,
13.5,17.7, 18.3, and 23.7=0.2 degrees two theta.

Example 31

[0281] STG base (600 mg) was sluried in isopropanol (3
ml) at 25° C., and heated to 50° C. Phosphoric acid (85%,
100 L, 1 eq) in isopropanol (1 mL) was then added drop-
wise, and the mixture was stirred at 50° C. for 16 hours, The
sample was dried at 40° C. for 16 hours under reduced pres-
sure to obtain STG phosphate crystalline form characterized
by a powder XRD pattern with peaks at 4.7,13.5,17.7, 18.3,
and 23.7+0.2 degrees two theta.

Example 92:

[0282] A 100 mg of a mixture of Form II and crystalline
form characterized by a powder XRD pattern with peaks at
4.7,13.5,17.7,18.3, and 23.7+0.2 degrees two theta was kept
under relative humidity of 100% for ene day, to obtain pure
crystalline form characterized by a powder XRD patiern with
peaksat4.7,13.5,17.7, 18.3, and 23.720.2 degrees two theta,
as presented in FIG. 18.

Example 93

[0283] Sitagliptin phosphate (9 gr, a dry mixture of crystal-
line Form II and a form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.7£0.2
degrees two theta) was dried in fluidized bed dryer at 40° C.
at 40% humidity for four hours to obtain Sitagliptin phos-
phate crystalline form characterized by a powder XRD pat-
tern with peaks at4.7, 13.5, 17.7, 18.3, and 23.7+0.2 degrees
two theta (6.8 gr).

Example 94

[0284] Sitagliptin phosphate (1 gt, a dry mixture of crystal-
line Form 1I and a form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 18.3, and 23.720.2
degrees two theta) was dried in vacuum oven at 80° C. for 24
hours to obtain Sitagliptin phosphate crystalline form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
17.7, 18.3, and 23.720.2 degrees two theta.

Example 95

[0285] Sitagliptin phosphate (1 gr, a dry mixture of crystal-
line Form IT and a form characterized by a powder XRD
pattern with peaks at 4.7, 13.5, 17.7, 183, and 23.7+0.2
degrees two theta) was dried in vacuum oven at 100° C. for 24
hours to obtain Sitagliptin phosphate crystalline form char-
acterized by a powder XRD pattern with peaks at 4.7, 13.5,
17.7, 18.3, and 23.7+0.2 degrees two theta.

Example 96

[0286] Sitagliptin phosphate from characterized by a pow-
der XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and
23.7+0.2 degrees two theta was stored under ethanol vapors at
25° C. {or 18 hours. It was then analyzed by PXRD, and
identified as form II of Sitagliptin phosphate,

Example 97

|0287] Sitagliptin phosphate from characterized by a pow-
der XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and
23.7+0.2 degrees two theta was stored under methanol vapors
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at 25° C. for 1 week. It was then analyzed by PXRD, and
identified as form II of Sitagliptin phosphate.

Example 98

{0288] Sitagliptin phosphate from characterized by a pow-
der XRD pattern with peaks at 4.7, 13.5, 17.7, 18.3, and
23.740.2 degrees two theta was stored under iso-propanol
vapors at 25° C. for 1 week. It was then analyzed by PXRD,
and identified as form I of Sitagliptin phosphate.

Example 99

[0289] To 1 g of amorphous Sitagliptin-phosphate (97.8%
puwrity and 81.9% R) was added 50 m! of acetonitrile (ACN).
The shurry was heated to reflux and stirred for 1 hour, then
cooled to 2° C., and stirred for 1 hour. The product was
isolated by vacoum filtration at 2° C., and washed with 2 m! of
ACN, and dried at 50° C. in a vacuum oven for 15 hours to
yield 0.88 g of Sitagliptin-phosphate (100% purity and 75.5%
R) form VI (88% yield).

Example 100

[0290] To 5 gofoily STG-base (75.1 % R) was added 20 ml
of isopropanol (IPA). The slurry was heated to 50° C,, than
H,PO, 85% (1.13 g in 10 ml JPA} was added dropwise and
stirred for 1 hour. The shury reaction was cooled to room
temperature, and stired for three days. The product was
isolated by vacuum filtration, and washed with 20 ml of IPA
to yield STG-Phosphate form V1, as a white-grey solid (95.
5% purity and 74.7% R). Further purification accepted by
adding 50 ml of ACN 1o the product. The slurry mixture was
heated to reflux and stitred for 1 to 2 hours, than cooled to
room temperature and stirred over night. Vacuum filtration
followed by washings with 40 ml ACN yield a white-grey
solid that was dried at 40° C. in a vacium oven for 15 hours to
vield 4.74 g of STG-Phosphate (99.7% purity and 78.0% R)
form V1 (95% yield).

Example 101

10291] To degaussed 2,2,2-triflnoroethanol (TFE) (30 mL)
were added Rhodium(l) chloride 1,5-cycloocatadiene com-
plex (18.3 mg. 0.05%) and (R)-(-)-1-](8)-2-diphenylphos-
phino)ferrocenyllethyl di-tert-butylphosphine {44.2 mg,
0.11%). The solution was stirred at room temperature,
depaussed three times, and then stirred for one hour at room
temperature.

[0292] To 250 ml hydrogenator were added (Z)-3-amino-
1-(3-(trifluoromethyl)-5,6-dibydro-[ 1,2, 4]triazolo[4,3-a]
pyrazyn-7(8H)-y1)-4-(2,4,5-trifluorophenyl)but-2-en-1-one
(30 gr, 1 equivalent) and TFE (120 ml) at room temperature
and the mixture was washed three times with nitrogen gas.
The catalyst solution was added and the clear solution was
washed three times with nitrogen gas and then with hydrogen
gas. The mixture remained under hydrogen at constant pres-
sure of 5 bar and heated to 55° C. The mixture was stirred at
55° C. for 26 hours to obtain Sitagliptin base in TFE solution
(optical purity by HPLC 76.9%, purity by HPLC 91.5%)
[0293] Two reaction mixtures which were obtained accord-
ing 1o the above procedure were combined and the solution
was divided to 10 parts.

[0294] 7 parts of the solution, each contained ca ~0 gr
Sitagliptin were concentrated and Sitagliptin base was pre-
cipitated by addition of MTBE then filtrated by vacuum fil-
tration. The combined mother liqueur from the crystallization
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experiments was concentrated. The residue was dissolved in
isopropanol (40 mL) at room temperature, heated 1o 50° C. A
solution of phosphoric acid (85%, 1.7 mL, ca ~1 eg) in iso-
propanol (20 mL) was added and the mixture kept stirring at
50° C. for one hour, then cooled gradually 10 25° C., and
stirred at 25° C. over night.

[6295] The product was isolated by vacuum filtration and
dried at 40° C. vacunm oven over night to obtain Sitagliptin
phosphate crystalline form V1 (optical purity by HPLC
51.8%, purity by HPLC 99.20%).

‘What is claimed:

1. A process for preparing a crystalline form of Sitagliptin
phosphate, characterized by a powder XRD pattern with
peaksatabout4.7,13.5,17.7,18.3, and 23.7+0.2 deprees two
theta, the process selected from the group consisting, of:

a. a process comprising combining Sitagliptin base, phos-
phoric acid, and a solvent selected from the group con-
sisting of ethyl acetate, dioxane, methyl isobutyl ketone,
isobutyl acetate, butyl acetate, a mixture of acetonitrile
and toluene, or a mixture oftetrahydrofiran and water to
form a slurry; and obtaining a Sitagliptin phosphate
precipitate;

b. a process comprising combining Sitagliptin phosphate
or Sitagliptin base and phosphoric acid with amixture of
a first organic solvent and a second organic solvent
selected from the group consisting of acetone:n-hexane,
acefone:n-heptane, acetone:cyclopentyl methyl ether,
acetone:dibutyl ether, acetone:isopropylacetate, dim-
ethylsulfoxide:methyl isobutyl ketone, and dimethylsul-
foxide:methy! tert butyl ether, forming a mixture, and
crystallizing Sitagliptin phosphate from the mixture,
wherein, when acetone:cyclopentyl methyl ether, aceto-
ne:isopropylacetate, and dimethylsulfoxide:methyl tert
butyl ether, are used, the crystailized Sitagliptin phos-
phate is further dried,

c. a process comprising drying wet Sitagliptin phosphate
Form II;

d. a process comprising heating a mixture of Sitagliptin
phosphate Form 11 and the crystalline form character-
ized by a powder XRD pattern with peaks at about 4.7,
13.5, 17.7, 18.3, and 23.720.2 degrees two theta, lo a
temperature of about 40° C. to about 100° C. under
reduced pressure; and

e. a process comprising drying a mixture of Sitagliptin
phasphate Form IJ and a crystalline form, characterized
by a powder XRD pattern with peaks at about 4.7, 13.5,
17.7,18.3,and 23,7+0.2 degrees two theta, in a fluidized
bed dryer at a temperature of about 30° C. to about 60°
C.

2. The process of claim 1, wherein Sitagliptin phosphate or
Sitagliptin base and phosphoric acid are combined with the
mixture of the first organic solvent and the second organic
solvent.

3. The process of claim 2, wherein the first organic solvent
and the second organic solvent ratio isabout 1:1 to about 1:15.

4. The process of claim 2, wherein Sitagliptin phosphate is
combined with the mixture of the first crganic solvent and the
second organic solvent.

5. The process of claim 2, wherein the solution is heated to
a temperature of about 45° C. to about 80° C.

6. The process of claim 1, wherein the wet Sitagliptin
phosphate Form 11 is dried.

Feb. 18,2010

7. The process of claim 6, wherein the wet Sitagliptin
phosphate Form II is dried at about 40° C. to about 100° C.
under reduced pressure.

8. The process of claim 6, wherein the Sitagliptin phos-
phate Form I] is prepared in a process, comprising combining
Sitagliptin base and phosphoric acid and an organic solvent
selected from the group consisting of dimetbyl carbonate,
tetrahydrofuran, propylepe glycol methyl ether, methyl ethyl
ketone, ethanol, methy!l acetate, dimethylformamide, diethyl
carbonate, p-butanol, 1-propanol, toluene, 1sobutyl acetale,
isopropyl acetate, isopropancl, and a mixture of acetonitrile
and n-butapol, acetonitrile, dimethyl carbonate to form a
slurry, and obtaining Sitagliptin phosphate Form 1.

9. The process of claim 6, wherein the Sitagliptin phos-
phate Form 11 is prepared in a process comprising combining
Sitagliptin base and phosphoric acid and a mixture of a first
organic solvent and a second organic solvent selected from
the group consisting of acetone:isopropylacetate, acetone:
cyclohexane, acetone:isobutyl acetate, acetonitrile:n-bu-
tanol, and acetone:n-butanol, forming a mixture, and obtain-
ing, Sitagliptin phosphate Form II.

10. The process of claim 9, wherein the first organic solvent
and the second organic solvent ratio is about 1:1 toabout 1:15.

11. The process of claim 6, wherein the wet Sitagliptin
phosphate Form II comprises a solvent selected from the
group consisting of methyl isobutyl ketone, dimethyl carbon-
ate, tetrahydrofuran, acetonitrile, propylene glycol methyl
ether, methanol, n-butanol, 1-propanol, toluene, isobutyl
acetate, isopropyl acetate, butyl acetate, isopropanol, dim-
ethyl carbonate, n-hexane, acetone, cyclohexane, isobutyl
acetate, and mixtures thereof.

12. The process of claim 1, wherein the mixture of Sita-
gliptin phosphate Form I and the crystalline form character-
ized by a powder XRD pattern with peaks at about 4.7, 13.5,
17.7, 18.3, and 23.7+0.2 degrees two theta are heated to a
temperature of about 40° C. to about 100° C. under reduced
pressure.

13. The process of claim 12, wherein the mixture is heated
at a temperature of about 40° C. to about 60° C.

14. The process of claim 12, wherein said mixture is heated
for about 10 to about 24 hours.

15. The process of claim 1, wherein the mixture of Sita-
gliptin phosphate Form II and the crystalline form, character-
1zed by a powder XRD pattern with peaks at about 4.7, 13.5,
17.7, 18.3, and 23.720.2 degrees two theta, is dried in a
fluidized bed dryer at a temperature of about 30° C. to about
60° C.

16. A process for preparing Sitagliptin phosphate Form 11,
the process selected from the group consisting of;

a. a process comprising providing a slurry of crystalline
Sitagliptin phosphate, characterized by a powder XRD
pattern with peaks at about 4.7, 13.5, 17.7, 183, and
23.7+0.2 degrees two theta, and a solvent selected from
the group consisting of acetonitrile, methanol, ethanol,
1-propancl, isopropanol, acetone, tetrahydrofuran,
n-butanol, iso-butanol, 1oluene, propylene glycol, pro-
pylene glycol methyl ether, chloroform, diethyl carbon-
ate, dimethylformamide, or mixtures of dimethylforma-
mide with meihy] isobutyl ketone, or n-butanol; heating
the slurry; and obtaining Sitagliptin phosphate Form 1I;

b. a process comprising combining Sitagliptin base and
phosphoric acid in an organic solvent selected from the
group consisting of dimethyl carbonate, tetrahydrofu-
ran, propylene glycol methyl ether, methy] ethyl ketone,
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ethanol, methyl acetate, dimethylformamide, diethyl
carbonate, n-butanol, 1l-propanol, toluene, isobutyl
acetate, isopropyl acetate, isopropanol, a mixture of
acetonitrile and n-butanol, acetonitrile, dimethy] car-
bonate, and a mixture of dimethyl carbonate and n-hex-
ane, forming a slumry; and obtaining Sitagliptin phos-
phate Form 1I;

. a process comprising combining Sitagliptin base and
phosphoric acid and a mixture of a first organic solvent
and a second organic solvent selected from the group
consisting of acetone:isopropylacetate, acetone:cyclo-
hexane, acetone:isobuty] acetate, acetonitrile:n-butanol,
and acetone:n-butanol, forming a mixwre; and crystal-
lizing Sitagliptin phosphate from the mixture, obtaining
Sitagliptin phosphate Form 1I;

. a process comprising dissolving Sitagliptin phosphate,
charucterized by a powder XRD pattern with peaks at
about 4.7, 13.5, 17.7, 18.3, and 23.7+0.2 degrees two
thets, in dimethylsulfoxide; and adding an antisolvent
selected from the group consisting of iso-butanol, aceto-
nitrile, diethyl ether, diethy] carbonate, and tert-butyl
ether;

. a process comprising granulating a crystalline Sitaglip-
tin phosphate, characterized by a powder XRD pattern
with peaks at about 4.7, 13.5,17.7, 18.3, and 23.7+0.2
degrees two theta in the presence of isopropanol; and

. a process comprising exposing crystalline Sitagliptin
phosphate, characterized by a powder XRD pattern with
peaks at about 4.7, 13.5, 17.7, 18.3, and 23.720.2
degrees two theta to a C,-C, alcobol, preferably the
alcobol is selected from the group consisting of ethanol,
methanol, and isopropanol.

17. The process of claim 16, wherein the slurry is heated to
about 50° C. 1o about 80° C.

18. The process of claim 16, wherein the Sitagliptin base
and phosphoric acid are combined in an organic solvent
selected from the group consisting of dimethyl carbonate,
tetrahydrofuran, propylene glycol methyl ether, methyl ethyl

17
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ketone, ethano], methy] acetate, dimethylformamide, diethyl
carbonate, n-butanol, 1-propanol, toluene, iscbutyl acetate,
isopropyl acetate, isopropanol, a mixture of acetonitrile and
n-butanol, acetonitrile, dimethyl carbonate, and a mixture of
dimethy] carbonate and n-hexane, forming a slurry.

19. The process of claim 16, wherein the Sitagliptin base
and phosphoric acid and a mixture of a first organic solvent
and a second organic solvent selected from the group consist-
ing of acetone:isopropylacetate, acetone:cyclohexane, aceto-
ne:isobutyl acetate, acetonitrile:n-butanol, and acetone:n-bu-
tanol are combined forming a mixture; and Sitagliptin
phosphate is crystallized from the mixture.

20. The process of claim 19, wherein the first organic
solvent and the second organic salvent ratio is about 1:1 to
about 1:15.

21. The process of claim 16, wherein the Sitagliptin phos-
phate, characterized by a powder XRD patiern with peaks at
about4.7,13.5,17.7,18.3, and 23.7+0 2 degrees two theta, 1s
dissolved in dimethylsulfoxide and an antisolvent selected
from the group consisting of iso-butanol, acetonitrile, diethyl
ether, diethyl carbonate, and teri-butyl ether is added.

22_The process of claim 16, wherein crystalline Sitagliptin
phosphate, characterized by a powder XRD pattern with
peaks atabout 4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two
theta, is gramulated in the presence of isopropanol.

23. The process of claim 22, wherein the solvent/antisol-
vent ration is about 1:1 to about 1:20.

24. The process of claim 22, wherein the solvent/antisol-
vent ration is about 3:10.

25. The process of claim 16, wherein crystalline Sitagliptin
phosphate, characterized by a powder XRD pattern with
peaksatabout4.7,13.5,17.7, 18.3, and 23.7+0.2 degrees two
theta, is exposed to a C;-C, alcohol.

26. The process of claim 25, wherein the alcohol is selected
from the group consisting of ethanol, methanol, and
isopropanol.
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TITLE OF THE INVENTION

NOVEL CRYSTALLINE FORMS OF A PHOSPHORIC ACID SALT OF A DIPEPTIDYL
PEPTIDASE-TIV INHIBITOR

FIELD OF THE INVENTION

The present invention relates to novel crystalline forms of a dihydiogenphosphate salt of
a dipeptidyl peptidase-IV inhibitor. More particularly, the invention relates to novel erystalline solvates
and anhydrates of the dihydrogenphosphate salt of (2R)-4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2 4]triazolo[4,3-alpyrazin-7(8H)-y1]-1-(2,4,5-triflnorophenyl)butan-2-amine, which is a potent
inhibitor of dipeptidyl peptidase-TV (DPP-IV). These novel crystalline forms of the DPP-IV inhibitor are
useful for the preparation of pharmaceutical compositions containing the inhibitor which are useful for
the treatment and prevention of diseases and conditions for which an inhibitor of dipeptidyl peptidase-IV
is indicated, in particular Type 2 diabetes, hyperglycemia, insulin resistance, obesity, and high blood
pressure. The invention further concerns pharmaceutical compositions comprising the novel erystailine
dihydrogenphosphate sait anhydrate polymorphic forms of the present invention; processes for preparing
the dihydrogenphosphate salt solvates and anhydrates and their pharmaceutical compositions; and
methods of treating conditions for which a DPP-IV inhibitor is indicated comprising administering a
composition of the present invention.

BACKGROUND OF THE INVENTION

Inhibition of dipeptidyl peptidase-IV {DPP-IV), an enzyrme that inactivates both glucose-
dependent insulinotropic peptide (GIP) and glucagon-like peptide 1 (GLP-1), represents a novel approach
to the treatment and prevention of Type 2 diabetes, also known as non-insulin dependent diabetes
mellitus (NIDDM). The therapeutic potential of DPP-IV inhibitors for the treatment of Type 2 diabetes
has been reviewed: C. F. Deacon and J.J. Holst, “Dipeptidyl peptidase IV inhibition as an approach to the
treatment and prevention of Type 2 diabetes: a historical perspective,” Biochem. Biophys. Res.
Commun., 294: 1-4 (2000); K. Augustyns, et al., “Dipeptidyl peptidase IV inhibitors as new therapeutic
agents for the treatment of Type 2 diabetes,” Exp. Opin. Ther. Patents, 13: 499-510 (2003); and D.J.
Drucker, “Therapeutic potential of dipeptidyl peptidase IV inhibitors for the treatment of Type 2
diabetes,” Exp. Opin. Investig. Drugs, 12: 87-100 (2003).

WO 03/004498 (published 16 January 2003) and U.S. Patent No. 6,699,871 (issued
March 2, 2004), both assigned to Merck & Co., describe a class of beta-amino tetrahydrotriazolo[4,3-
alpyrazines, which are potent inhibitors of DPP-IV and therefore useful for the treatment of Type 2
diabetes. Specifically disclosed in WO 03/004498 is (2R)-4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine.

-1-
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However, there is no disclosure in the above references of the newly discovered
crystalline solvates and auhydrates of the dihydrogenphosphate salt of (2R)-4-oxo-4-[3-(triflucromethyl)-
5,6-dihydro[1,2 4]triazolo[4,3-alpyrazin-7(8 H)-yl}-1-(2,4,5-trifluorophenyl) butan-2-amine of structural
formula [ below (hereinafter referred to as Compound I).

SUMMARY OF THE INVENTION

The present invention is concerned with novel crystalline solvates and anhydrates of the
dihydrogenphosphate salt of the dipeptidyl peptidase-IV (DPP-IV) inhibitor (2R)-4-ox0-4-[3-
(trifluoromethyl)-3,6-dihydro{1,2,4]triazolof4,3-alpyrazin-71(8 H)-yl]-1-(2,4,5-triflucrophenyl)butan-2-
amine of structural formula I (Compound I). The crystalline solvates and anhydrates of the present
invention have advantages in the preparation of pharmaceutical compositions of the
dihydrogenphosphate salt of (2R)-4-ox0-4-[3-(trifluoromethyl)-5,6-dihydro{1,2,4triazolo[4,3-a]pyrazin-
7(8H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine, such as ease of processing, handling, and dosing. In
particular, they exhibit improved physicochemical properties, such as solubility, stability to stress, and
rate of dissolution, rendering them particularly suitable for the manufacture of various pharmaceutical
dosage forms. The invention also concerns pharmaceutical compositions containing the novel anhydrate
polymorphs; processes for the preparation of these solvates and anbydrates and their pharmaceutical
compositions; and methods for using them for the prevention or treatment of Type 2 diabetes,
hyperglycemia, insulin resistance, obesity, and high blood pressure.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a characteristic X-ray diffraction pattern of the crystalline anhydrate Form I of
Compound L '
FIG, 2 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear
magnetic resonance (NMR) spectrum of the crystalline anhydrate Form I of Compound L.

FIG. 3 is a fluorine-19 magic-angle spinning (MAS) nuclear magnetic resonance (NMR)
spectrum of the crystalline anhydrate Form I of Compound L.

FIG. 4 is a typical DSC curve of the crystalline anhydrate Form I of Compound L

FIG. 5 is a typical thermogravimetric (TG) curve of the crystalline anhydrate Form I of
Compound L

FIG. 6 is a characteristic X-ray diffraction pattern of the crystalline desolvated
anhydrate Form If of Compound L

FIG. 7 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear
magnetic resonance (NMR) spectrum of the crystalline desolvated anhydrate Form I of Compound 1.
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FIG. 8 is a fluorine-19 magic-angle spinning (MAS) nuclear magpetic resonance (NMR)
spectrum of the crystalline desolvated anhydrate Form II of Compound 1.

FIG. 9 is a typical DSC curve of the crystalline desolvated anhydrate Form I of
Compound L

FIG. 10 is a typical TG curve of the crystalline desolvated anhydrate Form II of
Compound I

FIG. 11 is a characteristic X-ray diffraction pattern of the crystalline anhydrate Form ITI
of Compound L

FIG. 12 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear
magnetic resonance (NMR) spectrum of the crystalline anhydrate Form IIT of Compound I.

FIG. 13 is a fluorine-19 magic-angle spinning (MAS) nuclear magnetic resonance
(NMR) spectrum of the crystalline anhydrate Form III of Compound 1.

FIG. 14 is a typical DSC curve of the crystalline anhydrate Form Il of Compound 1.

FIG. 15 is a typical TG curve of the crystalline anhydrate Form III of Compound L

FIG. 16 is a characteristic X-ray diffraction pattern of the crystalline ethanol solvate of
Compound L

FIG. 17 is a carbon-13 cross-polarization magic-angle spinning (CPMAS) nuclear
magnetic resonance (NMR) spectrum of the crystalline ethanol solvate of Compound L

FIG. 18 is a fluorine-19 magic-angle spinning (MAS) nuclear magnetic resonance
(NMR) spectrum of the crystalline ethanol solvate of Compound L

FIG. 19 is a typical DSC curve of the crystalline ethanol solvate of Compound L.

FIG. 20 is a typical TG curve of the crystalline ethanol solvate of Compound L

DETAILED DESCRIPTION OF THE INVENTION

This invention provides novel crystalli‘ne solvates and anhydrates of the
dihydrogenphosphate salt of (2R)-4-ox0-4-[3-(triflucromethyD)-5,6-dihydro[1,2,4]triazolo[4,3-a}pyrazin-
T(8H)-yl}-1+(2,4,5-trifluorophenyl)butan-2-amine of structural formula I (Compound I):

F -HsPO,

NH, O

() CF3 _
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In one embodiment the solvate is a Cj.4 alkanolate of Compound I. In a class of this
embodiment the C1-4 alkanolate is a methanolate, ethanolate, 1-propanolate, or 2-propanolate. In
another embodiment the solvate comprises an organic solvent such as acetone or acetonitrile. The
crystalline solvates are useful for the preparation of the crystalline desolvated anhydrate Form II which
converts spontancously into crystalline anhydrate Form I or Form IIT or a mixture thereof, the
composition of the mixture being dependent upon the conditions of treatment or storage. Anhydrate
Forms I and III represent stable desolvated anhydrates of Compound L

The present invention also provides a novel crystalline desolvated anhydrate Form II of
Compound I which is obtained from the crystalline sclvates of Compound I of the present invention.

The present invention also provides novel crystalline anhydrate Forms I and I of
Compound I and mixtures thereof.

A further embodiment of the present invention provides the Compound I drug substance
that comprises the crystalline anhydrate Form I or III or a mixture thereof in a detectable amount. By
“drug substance” is meant the active pharmaceutical ingredient (APT). The amount of crystalline
anhydrate Form I or III or mixture thereof in the drug substance can be quantified by the use of physical
methods such as X-ray powder diffraction (XRPD), solid-state fluorine-19 magic-angle spinning (MAS)
puclear magnetic resonance spectroscopy, solid-state carbon-13 cross-polarization magic-angle spinning
(CPMAS) nuclear magnetic resonance spectroscopy, solid state Fourier-transform infrared spectroscopy,
and Raman spectroscopy. In a class of this embodiment, about 5% to about 100% by weight of the
crystalline anhydrate Form I or I or mixture thereof is present in the drug substance. In a second class
of this embodiment, about 10% to about 100% by weight of the crystalline anhydrate Form I or IIT or
mixture thereof is present in the drug substance. In a third class of this embodiment, about 25% to about
100% by weight of the crystalline anhydrate Form I or I or mixture thereof is present iﬁ the drug
substance. In a fourth class of this embodiment, about 50% to about 100% by weight of the crystalline
anhydrate Form I or ITT or mixture thereof is present in the drug substance. In a fifth class of this
embodiment, about 75% to about 100% by weight of the crystalline anhydrate Form I or Il or mixture
thereof is present in the drug substance. In a sixth class of this embodiment, substantially all of the
Compound I drug substance is the crystalline anhydrate Form I or II or mixture thereof, i.e., the
Compound I drug substance is substantially phase pure anhydrate Form I or Il or a mixture thereof.

The crystalline solvates of the present invention are useful for the preparation of the
crystalline anhydrate Forros I and I and mixtures thereof. The crystalline solvates are desolvated to
afford the intermediate desolvated anhydrate Form I which converts into anhydrate Form I or Form I or
a mixture thereof upon heating at 45°C for about 2 h.

Another aspect of the present invention provides a method for the prevention or

treatment of clinical conditions for which an inhibitor of DPP-IV is indicated, which method comprises
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administering to a patient in need of such prevention or treatment a prophylactically or therapeutically
effective amount of the crystalline anhydrate Form I or III or a mixture thereof of Compound I Such
clinical conditions include diabetes, in particular Type 2 diabetes, hyperglycemia, insulin resistance,
obesity, and high blood pressure.

The present invention also provides for the use of the crystalline anhydrate Form I or Tl
or a mixture thereof of the present invention in the manufacture of a medicament for the prevention or
treatment, of clinical conditions for which an inhibitor of DPP-IV is indicated, in particular, Type 2
diabetes, hyperglycemia, insulin resistance, obesity, and high blood pressure. In one embodiment the
clinical condition is Type 2 diabetes.

Another aspect of the present invention provides the crystalline anhydrate Form I or
Form I or a mixture thereof for use in the treatment of clinical conditions for which an inhibitor of
DPP-1V is indicated, in particular, Type 2 diabetes, hyperglycemia, insulin resistance, obesity, and high
blood pressure. In one embodiment of this aspect the clinical condition is Type 2 diabetes.

The present invention also provides pharmaceutical compositions compﬁsing the
crystalline anhydrate Form I or I¥ or a mixture thereof, in association with one or more pharmaceutically
acceptable carriers or excipients. In one embodiment the pharmaceutical composition comprises a
prophylactically or therapentically effective amount of the active pharmaceutical ingredient (API) in
admixture with pharmaceutically acceptable excipients wherein the API comprises a detectable amount
of the crystalline anhydrate Form I or IfT or a mixture thereof of the present invention. In a second
embodiment the pharmaceutical composition comprises a prophylactically or therapeutically effective
amount of the API in admixture with pharmaceutically acceptable excipients wherein the APT comprises
about 5% to about 100% by weight of the crystalline anhydrate Form I or Il or a mixture thereof of the
present invention. In a class of this second embodiment, the API in such compositions comprises about
10% to about 100% by weight of the crystalline anhydrate Form I or Il or a mixture thereof. In a second
class of this embodiment, the API in such compositions comprises about 25% to about 100% by weight
of the crystalline anhydrate Form I or I or & mixture thereof. In a third class of this embodiment, the
API in such compositions comprises about 50% to about 100% by weight of the crystalline anhydrate
Form I or III or 2 mixture thereof. In a fourth class of this embodiment, the API in such compositions
comprises about 75% to about 100% by weight of the crystalline anhydrate Form I or Il or a mixture
thereof. In a fifth class of this embediment, substantially all of the AP1is the crystalline anhydrate Form
1 or IIT or a mixture thereof of Compound I, i.e., the API is substantially phase pure Compound I
anhydrate Form I or Il or a mixture thereof.

The compositions in accordance with the invention are suitably in unit dosage forms
such as tablets, pills, capsules, powders, granules, sterile solutions or suspensions, metered aerosol or

liquid sprays, drops, ampoules, auto-injector devices or suppositories. The compositions are intended for
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oral, parenteral, intranasal, sublingual, or rectal administration, or for administration by inhalation or
insufflation. Formulation of the compositions according to the invention can conveniently be effected by
methods known from the art, for example, as described in Remington's Pharmaceutical Sciences, 17%ed,,
1995.

The dosage regimen is selected in accordance with a variety of factors including type,
species, age, weight, sex and medical condition of the patient; the severity of the condition to be treated;
the route of administration; and the renal and hepatic function of the patient. An ordinarily skilled
physician, veterinarian, or clinician can readily determine and.prescribc the effective amount of the drug
required to prevent, counter or arrest the progress of the condition.

Oral dosages of the present invention, when used for the indicated effects, will range
between about 0.01 mg per kg of body weight per day (mg/kg/day) to about 100 mg/kg/day, preferably
0.01 to 10 mg/kg/day, and most preferably 0.1 to 5.0 mg/kg/day. For oral administration, the
compositions are preferably provided in the form of tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0,.
10.0, 15.0, 25.0, 50.0, 100 and 500 milligrams of the API for the symptornatic adjustment of the dosage
to the patient to be treated. A medicament typically contains from about 0.01 mg to about 500 mg of the
AP, preferably, from about 1 mg to about 200 mg of APL Intravenously, the most preferred doses will
range from about 0.1 to about 10 mg/kg/minute during a constant rate infusion. Advantageously, the
crystalline anhydrate forms of the present invention may be administered in a single daily dose, or the
total daily dosage may be administered in divided doses of two, three or four times daily. Furthermore,
the crystalline anhydrate forms of the present invention can be administered in intranasal form via topical
use of suitable intranasal vehicles, or via trausdermal routes, using those forms of transdermal skin
patches well known to those of ordinary skill in the art. To be administered in the form of a transdermal
delivery system, the dosage administration will, of course, be continuous rather than intermittent
throughout the dosage regimen.

In the methods of the present invention, the Compound I anhydrate Forms Tand Dl ora . .
mixture thereof herein described in detail can form the API, and are typically administered in admixture
with suitable pharmaceutical diluents, excipients or carriers (collectively referred to herein as 'carrier'
materials) snitably selected with respect to the intended form of adnﬁnish‘aﬁon, that is, oral tablets,
capsules, elixirs, syrups and the like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of a tablet or capsule, the active
pharmaceutical ingredient can be combined with an oral, non-toxic, pharmaceutically acceptable, inert
carrier such as lactose, starch, sucrose, glucose, methyl cellulose, magnesium stearate, dicalciuvm
phosphate, calcium sulfate, manmitol, sorbitol and the like; for oral administration in liguid form, the oral
API can be combined with any oral, non-toxic, pharmacentically acceptable inert carrier such as ethanol,

glycerol, water and the like. Moreover, when desired or necessary, svitable binders, lubricants,
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disintegrating agents and coloring agents can also be incorporated into the mixture. Suitable binders
include starch, gelatin, natural sugars such as glucose or beta-lactose, corn sweeteners, natural and
synthetic gums such as acacia, tragacanth or sodium alginate, cartboxymethylcellulose, polyethylene
glycol, waxes and the like. Lubricants used in these dosage forms include sodium oleate, sodium
stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and the
like.

The crystalline anhydrate Forms I and 1T or mixtures thereof of Compound I have been
found to possess a high solubility in water, rendering them especially amenable to the preparation of
formulations, in particular intranasal and intravenous formulations, which require relatively concentrated
aqueous sclutions of the APL The solubility of the crystalline Compound I anhydrate Form I or Form III
or mixture thereof in water is greater than 120 mg/ml.

In a still further aspect, the present invention provides a method for the treatment and/or
prevention of clinical conditions for which a DPP-IV inhibitor is indicated, which method comprises
administering to a patient in need of such prevention or treatment a prophylactically or therapeutically
effective amount of anhydrate Form I or III or a mixture thereof of the present invention or a
pharmaceutical composition containing a prophylactically or therapeutically effective amount of
anhydrate Form I or III or a mixture thereof.

The following non-limiting Examples are intended to illustrate the present invention and
should not be construed as being limitations on the scope or spirit of the instant invention.

Componnds described herein may exist as tautomers such as keto-enol tautomers. The
individual tautomers as well as mixtures thercof are encompassed with compounds of structural formuia
L

The term “% enantiomeric excess” (abbreviated “ee”) shall mean the % major
enantiomer less the % minor enantiomer. Thus, a 70% enantiomeric excess corresponds to formation of
85% of one enantiomer and 15% of the other. The term “enantiomeric excess” is synonymous with the
term “‘optical purity.”

GENERAL METHODS FOR PREPARING SOLVATES OF COMPOUND I AND THE
DESOLVATED ANHYDRATE FORM Tl AND FOR PREPARING AND INTERCONVERTING
BETWEEN ANHYDRATE FORMS I AND 0OI:

Compound I forms non-stoichiometric, isomorphous solvates with several organic
solvents, such as methanol, ethanol, 1-propanol, 2-propanol, acetore, and acetonitrile. The varicus

solvates of the present invention are isomorphic and exhibit similar X-ray powder diffraction patterns, F-
19 solid-state NMR spectra, and DSC curves.
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Solvates are prepared by contacting anhydrate Form I, T, or III, or mixtures thereof, with
the solvating agent for about 5 min at about roem temperature. Solvates will also resuit from the process
of preparing the dihydrogenphosphate salt from free base in the presence of a solvating agent where the
water activity is such that the solvate has a lower solubility than any of the other anhydrates or
monohydrate. For example, the ethanol solvate can be formed by treating the free base with aqueous
phosphoric acid in ethanol.

The ethanol solvate can be converted to desolvated anhydrate Form I by (a) drying with
nitrogen flow over the sample for about 5 h at about 25 °C or (b) drying in vacuum for about 5 h at about
25 °C.

Desolvated anhydrate Form II is metastable and converts to anhydrate Form I or Form HI
or mixtures thereof in about 2 h at about 45 °C.

Anhydrate Form [ can be converted into anhydrate Form ITl by {a) drying with physical
agitation, (b) compaction, or {¢) gtinding. Ashydrate Form Il can be converted into anhydrate Form I by
heating at about 110 °C for about 30 min.

Mixtures of varying composition of anhydrate Fonms I and TIT form upon grinding or
compaction of Form I or mixtures thereof at room temperature, which results in the increased proportion
of Form 1T in the mixture.

The anhydrate polymorphic Form I and Form III have an enantiotropic relationship, that
is, one form is more stable at a lower temperature range, while the other is more stable at a higher
temperature with a transition temperature of about 34 °C. Anhydrate Form III is the low temperature
stable form and is stable below about 34 °C. Anhydrate Form I is the high ternperature stable form and is
stable above about 34 °C.

The anhydrate Forms I and I can be directly crystallized from a solvent that Compound
1does not solvate with, such as isoamyl alcohol, at a water activity where the hydrate is not stable. Form
I can be preferentially crystallized below about 34 °C, and Form I can be preferentially crystallized
above about 34 °C,

GENERAL CONDITIONS FOR PREFERENTIALLY CRYSTALLIZING ANHYDRATE FORM I:
In isoamyl alcohol (TAA)/water system at 40 °C:
(1) crystallization from a mixture of compound Iin 1A A and water, such that the water concentration is
below 3.4 weight percent;
(2) recovering the resultant solid phase; and
(3) removing the solvent therefrom.
In IA A/water system at 60°C:
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(1).crystallization from a mixture of compound I in IAA and water, such that the water concentration is
below 4.5 weight percent;

(2) recovering the resultant solid phase; and

(3) removing the solvent therefrom.

GENERAL CONDITIONS FOR PREFERENTIALLY CRYSTALLIZING ANHYDRATE FORM IIT:
In isoamyl alcohol (IAA)/water system at 25°C:

(1) crystallization from a mixture of compound I in IAA and water, such that the water concentration is
below 2.7 weight percent;

(2) recovering the resultant solid phase; and

(3) removing the solvent therefrom.

EXAMPLE 1

'H3PO4
NH, O

trifluorophenylybutan-2-amine dihydrogenphosphate anhydrate Form I and Form I mixture

Preparation of 3-(trifluoromethyl)-5,6.7,8-tetrahydrol 1.2 41triazolof4.3-alpyrazine hydrechloride (1-4)

Scheme 1

1. CF,COOE, CHyCN L N CH
. CFy , CHy _N cl
NH,NH, ~ RGN YO©

2. CICOCH,CI, NaOH
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POC,  FiG— P ~ch,cl >
CHLCN MeOH
1-2
HCl
0

Step A: Preparation of bishvdrazide (1-1)

Hydrazine (20.1 g, 35 wit% in water, 0.22 mol) was mixed with 310 mL of acetonitrile.
31.5 g of ethyl triflucroacetate (0.22 mol) was added over 60 min. The internal temperature was
increased to 25 °C from 14 °C. The resulting solution was aged at 22 - 25 °C for 60 min. The solution
was cooled to 7 °C. 17.9 g of 50 wt% aquecus NaOH {0.22 mol) and 25.3 g of chloroacetyl chloride
(0.22 mol) were added simmltaneously over 130 min at a temperature below 16 °C. When the reaction
was complete, the mixture was vacuum distilied to remove water and ethanol at 27 ~ 30 °C and under 26
~ 27 in Hg vacuum. During the distillation, 720 mL of acetonitrile was added siowly to maintain
constant volume (approximately 500 mL). The slurry was filtered to remove sodinm chloride. The cake
was rinsed with about 100 mL of acetonitrile. Removal of the solvent afforded bis-hydrazide 1-1 (43.2 g,
96.5% yield, 94.4 area% pure by HPLC assay).
IH-NMR (400 MHz, DMSO-dg): 5 4.2 (s, 2H), 10.7 (s, 1H), and 11.6 (s, 1H) ppm.
13C-NMR (100 MHz, DMSO-dg): 5 41.0, 116.1 (q, J = 362 Hz), 155.8 (q, J = 50 Hz), and 165.4 ppm.

Step B: Preparation of S-{trifluoromethyl}-2-(chloromethyl)-1.3.4-oxadiazole (1-2)
Bishydrazide 1-1 from Step A (43.2 g, 0.21 mol) in ACN (82 mL) was cocled to 5 °C.
Phosphorus oxychloride (32.2 g, 0.21 mol) was added, maintaining the temperature below 10 °C. The
mixture was heated to 80 °C and aged at this temperature for 24 h until HPLC showed less than 2 area%
of 1-1. In a separate vessel, 260 mL of IPAc and 250 mL of water were mixed and cooled to 0 °C. The
reaction slurry was charged to the quench keeping the internal temperature below 10 °C. After the

addition, the mixture was agitated vigorously for 30 min, the temperature was increased to room
temperature and the aqueous layer was cut. The organic layer was then washed with 215 mL of water,
215 ml of 5 wt% aqueous sodium bicarbopate and finally 215 mL of 20 wt% aqueous brine solution.
HPLC assay yield after work up was 86-92%. Volatiles were removed by distillation at 75-80 mm Hg,

-10 -

Merck Exhibit 2225, Page 152
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
- . IPR2020-00040



v

10

15

20

25

WO 2005/020920 PCT/US2004/027983

55 °C to afford an oil which could be used directly in Step C without further purification. Otherwise the
product can be purified by distillation to afford 1-2 in 70-80% yield.

1H-NMR (400 MHz, CDCly): § 4.8 (s, 2H) ppm.

13C.NMR (100 MEz, CDCL): & 32.1, 115.8 (g, T = 337 Hz), 156.2 (g, J = 50 Hz), and 164.4 ppm.

Step C: Preparation of N-{(27)-piperazin-2-ylidene]trifluoroacetohydrazide (1-3)

To a solution of ethylenediamine (33.1 g, 0.55 mol) in methanol (150 mL) cooled at 20
°C was added distilled oxadiazole 1-2 from Step B (29.8 g, 0.16 mol) while keeping the internal
temperature at—20 °C. After the addition was complete, the resulting slurry was aged at ~20 °C for 1 h.
Ethanol (225 mL) was then charged and the slurry slowly warmed to —5 °C. After 60 min at -5 °C, the
slurry was filtered and washed with ethanol (60 mL) at -5 °C. Amidine 1-3 was obtained as a white solid
in 72% yvield (24.4 g, 99.5 area wt% pure by HPLC).
1H-NMR (400 MEz, DMSO-dg): § 2.9 (t, 2H), 3.2 (t, 2H), 3.6 (s, 2H), and 8.3 (b, 1H) ppm. 13C-NMR
{100 MHz, DMSO-dg): 8 40.8, 42.0, 43.3, 119.3 (q, J = 350 Hz), 154.2, and 156.2 (q, J = 38 Hz) ppm.

Step D: Preparation of 3-(trifluoromethyl)-5.6.7.8-tetrahydrol 1,2 4triazolo[4.3-alpyrazine
hydrochloride {1-4)
A suspension of amidine 1-3 (27.3 g, 0.13 mol) in 110 ml. of methanol was warmed to
55 °C. 37% Hydrochloric acid (11.2 mL, 0.14 mol) was added over 15 min at this temperature. During
the addition, all solids dissolved resulting in a clear solution. The reaction was aged for 30 min. The
solution was cooled down to 20 °C and aged at this temperature until a seed bed formed (16 min to 1 h).
300 mL of MTBE was charged at 20 °C over 1 h. The resulting slurry was cooled to 2 °C, aged for 30
min and filtered. Solids were washed with 50 mL of ethanol:MTBE (1:3) and dried under vacuum at 45
°C. Yield of triazole 1-4 was 26.7 g (99.5 area wt% pure by HPLC). .
1H-NMR (400 MHz, DMSO-dg): § 3.6 (t, 2ED), 4.4 (t, 2H), 4.6 (s, 2H), and 10.6 (b, 2F) ppm; 13C-NMR
(100 MHz, DMSO-dg): 8: 39.4, 39.6, 41.0, 118.6 (g, J = 325 Hz), 142.9 (g, J = 50 Hz), and 148.8 ppm.

Scheme 2
o)
F
F o o) o)< OH O
—_——> g
oH BuCOCl, PraNEt, O
L DMAP, DMAG F )<
2-1 0" 0O
2-2
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23 CF,
F
F
NH, O
Rh(ced)Cl],,
AN N/\F N [Rh(ced)Cl; '
E K/N p N R,S- +-Bu Josiphos, _
2.4 \< H,, MeOH, 200 psi, 50°C
— CF3
E
F
=N
N/Y .
F k/N\/{
2-5
- CF;
Step A: Preparation of 4-ox04-[3-(trifluoromethyl)-5.6-dihydrof 1.2 41triazolo[4.3-

alpyrazin-7 (8 H)-yl]-1«2.4.5-triflnorophenyllbutan-2-one (2-3

2,4,5-Triflucrophenylacetic acid (2-1) (150 g, 0.789 mol), Meldrum's acid {125 g, 0.868
mol), and 4-(dimethylamino)pyridine (DMAP) (7.7 g, 0063 mol) were charged into a 5 L three-neck
flask. N,N-Dimethylacetamide (DMACc) (525 mL) was added in one portion at room temperature to
dissolve the solids. N,N-diisopropylethylamine (282 mL, 1.62 mol) was added in one portion at room
temperature while maintaining the temperature below 40 °C. Pivaloyl chloride (107 ml., 0.868 mol) was
added dropwise over 1 to 2 h while maintaining the temperature between 0 and 5 °C. The reaction
mixture was aged at 5 °C for 1 h, Triazole hydrochloride 1-4 (180 g, 0.789 mol) was added in one
portion at 40-50 °C. The reaction solution was aged at 70 °C for several h. 5% Aqueous sodium
hydrogencarbonate solution (625 ml) was then added drepwise at 20 — 45 °C. The batch was seeded and
aged at 20 - 30 °C for 1-2 h. Then an additional 525 mL of 5% aqueous sodium hydrogencarbonate

solution was added dropwise over 2-3 h. After aging several h at room temperature, the slurry was

cooled to 0~ 5 °C and aged 1 h before filtering the solid. The wet cake was displacement-washed with
-12-

Merck Exhibit 2225, Page 154
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
— . o . IPR2020-00040



5

10

15

20

25

30

35

WO 2005/020920 PCT/US2004/027983

20% aqueous DMAc (300 mL), followed by an additional two batches of 20% aqueous DMAc (400 mL.),

and finally water (400 mL). The cake was suction-dried at room temperature. The isolated yield of final
product 2-3 was 89%.

Step B: Preparation of (2Z)-4-oxo0-4-[3-(trifluoromethyl)-5.6-dihydro [1,2.41triazolo[4,3-

alpyrazin-7{8 iN-yl]-1-(2,4,5-trifluorophenyl)but-2-en-2-amine (2-4)

A 5 L round-bottom flask was charged with methanol (100 mL), the ketoamide 2-3 (200
g), and ammonium acetate (110.4 g). Methanol (180 mL) and 28% aquecus ammoenium hydroxide (58.6
mL) were then added keeping the temperature below 30 °C during the addition. Additional methanol
{100 mL) was added to the reaction mixture. The mixture was heated at reflux temperature and aged for
2 h. The reaction was cooled to room temperature and then to about 5 °C in an ice-bath. After 30 min,
the solid was filtered and dried to afford 24 as a solid (180 g); m.p. 271.2 °C.

Step C: Preparation of (2R)-4-0x0-4-[3-(trifluoromethyl}-5.6-dihydro [1.2. 41triazolo[4,3-

g\pyrazin-7(8 H)-v1]-1-(2.4 S-triflucrophenyl)butan-2-amine (2-3)

Into a 500 m) flask were charged chloro(1,5-cyclooctadiene)rhodium(T) dimer
{Rh{cod)C112}(2592 mg, 1.18 mmol) and (R,S) z-butyl Josiphos (708 mg, 1.3 mmol) under a nitrogen
atmosphere. Degassed MeOH was then added (200 mL) and the mixture was stirred at room ternperature
for 1 h. Into a 4 L hydrogenator was charged the enamine amide 2-4 (118 g, 0.29 mol) along with MeOH
(1L). The slurry was degassed. The catalyst solution was then transferred to the hydrogenator under
nitrogen. After degassing three times, the enamine amide was hydrogenated under 200 psi hydrogen gas
at 50 °C for 13 h. Assay yield was determined by HPLC to be 93% and optical purity to be 94% ee.

The optical purity was further enhanced in the following manner. The methanol solution
from the hydrogenation reaction (18 g in 180 mL MeOH) was concentrated and switched to methyl -
butyl ether (MTBE) (45 mL). Into this solution was added agueous H3PO4 solution (0.5 M, 95 n:jL).
After separation of the layers, 3N NaOH (35 mL) was added to the water layer, which was then extracted
with MTBE (180 mL + 100 mL). The MTBE solution was concentrated and solvent switched to hot
toluene (180 mL, about 75 °C). The hot toluene solution was then allowed to cool to 0 °C slowly (3 - 10
h). The crystals were isolated by filtration {13 g, yield 72%, 98 - 99% ec); m.p. 114.1 ~115.7 °C.
1H NMR (300 MHz, CD3CN): § 7.26 (m), 7.08 (m), 4.90 (s), 4.89 (s), 4.14 (m), 3.95 (m), 3.40 (m), 2.68
(m), 2.49 (m), 1.40 (bs).

Compound 2-5 exists as amide bond rotamers. Unless indicated, the major and minor rotamers are
grouped together since the carbon-13 signals are not well resolved:

I3CNMR (CD3CN): 6 171.8, 157.4 (ddd , Jor = 242.4, 9.2, 2.5 Hz), 152.2 (major), 151.8 (minor), 149.3
(ddd; Jor=246.7, 14.2, 12.9 Hz), 147.4 (ddd, Jor=241.2,12.3,3.7 Hz), 144.2 (q, Jor = 38.8 Hz), 124.6

-13-
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(ddd, Jer=18.5,5.9, 4.0 Hz), 1204 (dd , Jer=19.1, 6.2 Hz), 119.8 (q, Jer=268.9 Hz), 106.2 (dd , Jor
=29.5,20.9 Hz), 50.1, 44.8, 44.3 (minor), 43.2 (minor), 42.4, 41.6 (minor), 41.4, 39.6, 38.5 (minor),
36.9.

The crystalline free base 2-5 can also be isolated as follows:

(a) The reaction mixture upon completion of the hydrogenation step is charged with 25 wt% of Ecosorb
C-941. The mixture is stirred under nitrogen for one h and then filtered. The cake is washed with
21/kg of methanol. Recovery of free base is about 95% and optical purity about 95% ee.

{b) The freebase solution in methanol is concentrated to 3.5-4.0 L/kg volume (based on free base charge)
and then solvent-switched into isopropanol (IPA) to final volume of 3.0 L/’kg IPA.

(c) The slurry is heated to 40 °C and aged 1 h at 40°C and then cooled to 23 °C over 2 h.

(d) Heptane (7L/kg) is charged over 7 h and the slurry stirred for 12 h at 22-25°C. The supetnatant
concentration before filtering is 10-12 mg/g.

(e) The slurry is filtered and the solid washed with 30% IPA/heptane (2L/kg).

(f) The solid is dried in a vacuum oven at 40 °C.

(2) The optical purity of the free base is about 99% ee.

The following high-performance liguid chromatographic (HPLC) conditions were used
to determine percent conversion to product:
Column: Waters Symmetry C18, 250 mm x 4.6 mm
Eluent: Solvent A: 0.1 vol% HCI04/H20

Solvent B: acetonitrile
Gradient: Omin 75% A :25% B

10 min 25% A : 75% B

125 min25% A:75% B

15 min 75% A : 25% B
Flow rate: 1 mL/min
Injection Vol.: 10 pL
UV detection: 210nm
Column temp.: 40 °C
Retention times: compound 2-4: 9.1 min

compound 2-5: 5.4 min

Bu Josiphos: 8.7 min

The following high-performance liquid chromatographic (HPLC) conditions were used
to determine optical purity:

-14 -
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Column: Chirapak, AD-H, 250 mm x 4.6 mm
Eluent: Solvent A: 0.2 vol.% diethylamine in heptane
Solvent B: 0.1 vol% diethylamine in ethanol
Isochratic Run Time: 18 min
Flow rate: 0.7 mL/min
Tnjection Vol.: 7 pL
UV detection: 268 nm
Colunmm temp.: 35 °C
Retention times: (R)-amine 2-5: 13.8 min
(5)-amine 2-5: 11.2 min

Preparation of (2R)-4-oxo-4-13-(trifluorometbyl}-5.6-dihydrof 1.2 41triazolo[4.3«lpyrazin-7(8 H)-yI]-1-
(2 4,5-rifluorophenylbutan-2-amine dihydrogenphosphate anhydrate Form I and I mixture

A 250 L round bottom flask equipped with an overhead stitrer, heating mantle and
thermocouple, was charged with 60 mL of ethanol, 19 mL water, 15.0 g (36.9 mmol) of (2R)-4-0x0-4-[3-
(triflveromethyl)-5,6-dihydro[ 1,2,4]triazolol4,3-a)pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-
amine freebase, and 4.25 g (36.9 mmol) of 85% aqueous phosphoric acid. The mixture was heated to 75
t0 78 °C.. A thick white precipitate formed at lower temperatures but dissolved upon reaching 75 °C.
The solution was cooled to 68 °C and then held at that temperature for 4-8 h. A slurry bed of solids of
ethanol solvate formed during this age time. The slurry was then cooled at a rate of 4 °C/h to 21 °C and
then held overnight. 70 mL of ethancl was then added to the shurry of ethanol solvate. After 1 h the
sharry of ethanol solvate was filtered and washed with 45 mL ethanol. The solids were dried in a vacuum
oven at 40 °C for 18 h. 17.1 g of solids that were a mixture of Form I and Form III were recovered. The
solids were found to greater than 99.8% pure by HPLC area percentage (HPLC conditions same as those
given above). The crystal form of the solids was shown to be a mixture of anhydrate Forms T and I by
X-ray powder diffraction and solid state NMR spectroscopy, with Form I predominating.

EXAMPLE 2
(2R)-4-0Ox0-4-[3-(triflucromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl}-1-

(2,4,5-trifluorophenyl)butan-2-amine freebase 2-5 in isoamyl alcohol solution (~200 mg/g) was added to

the crystallizer. A seed was then added, followed by isoamyl aleohol and water to constitute a 96%

_ isoamyl alcohol and 4% water mixiure. The mixture was first aged, and then heated up to about 50 °C.

About 1 equivalent of phosphoric acid in 96% isoamy] alcohol and 4% water (to achieve a final batch
concentration of 85 mg/g) was then added to the slurry to crystallize the anhydrate Form I. The slurry
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was aged and then cooled to room temperature. The solids were filtered and washed with isoamyl
alcohol. The wet solids were dried at 75-80 °C. The crystal form of the solids was shown to be a

mixture of anhydrate Forms I and I by X-ray powder diffraction and solid state NMR spectroscopy,
with Form I predominating.

X-ray powder diffraction studies are widely used to characterize molecular structures,
crystallinity, and polymorphism. The X-ray powder diffraction patterns of the crystalline polymorphs of
the present invention were generated on a Philips Analytical X'Pert PRO X-ray Diffraction System with
PW3040/60 console. A PW3373/00 ceramic Cu LEF X-ray tube K-Alpha radiation was used as the
source.

FIG. 1 shows the X-ray diffraction pattern for the crystalline anhydrate Form 1. The
anhydrate Form I exhibited characteristic reflections corresponding to d-spacings of 18.42, 9.35, and 6.26
angstroms. The anhydrate Form I was further characterized by reflections corresponding to d-spacings of
5.78,4.71, and 3.67 angstroms. The anhydrate Form I was even further characterized by reflections
corresponding to d-spacings of 3.99, 2.71, and 2.66 angstroms.

FIG. 11 shows the X-ray diffraction pattern for the crystalline anhydrate Form ITI. The
anhydrate Form I exhibited characteristic reflections corresponding to d-spacings of 17.88, 6.06, and
4.26 angstroms. The anhydrate Form ITI was further characterized by reflections corresponding to d-
spacings of 9.06, 5.71, and 4.55 angstroms. The anhydrate Form I was even further characterized by
reflections corresponding to d-spacings of 13.69, 6.50, and 3.04 angstroms.

FIG. 6 shows the X-ray diffraction pattern for the crystalline desolvated anhydrate Form
0. The desolvated anhydrate Form II exhibited characteristic reflections corresponding to d-spacings of
7.09, 5,27, and 4.30 angstroms. The desolvated anhydrate Form IT was further characterized by
reflections corresponding to d-spacings of 18.56, 9.43 and 4.19 angstroms. The desclvated anhydrate
Form 1 was even further characterized by reflections corresponding to d-spacings of 6.32, 5.82, and 3.69
angstroms.

FIG.16 shows the X-ray diffraction pattern for the crystalline ethanol solvate. The
crystalline ethanol solvate exhibited the same XRPD pattern as desolvated anhydrate Form IT with
characteristic reflections corresponding to d-spacings of 7.09, 5.27, and 4.30 angstroms. The crystalline
ethanol solvate was further characterized by reflections corresponding to d-spacings of 18.56, 9.43 and
4.19 angstroms. The crystalline ethanol solvate was even further characterized by reflections
cormresponding to d-spacings of 6.32, 5.82, and 3.69 angstroms.

In addition to the X-ray powder diffraction patterns described above, the crystalline
polymorphic forms of Compound I of the present invention were further characterized by their solid-state

carbon-13 and fluorine-19 nuclear magnetic resonance (NMR) spectra. The solid-state carbon-13 NMR
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spectrum was obtained on a Bruker DSX 400WB NMR system using a Bruker 4 mm double resonance
CPMAS probe. The carbon-13 NMR spectrum utilized proton/carbon-13 cross-polarization magic-angle
spinning with variable-amplitude cross polarization. The sample was spun at 15.0 kHz, and a total of
1024 scans were collected with a recycle delay of 5 seconds. A line broadening of 40 Hz was applied to
the spectrum before FT was performed. Chemical shifts are reported on the TMS scale using the
carbonyl carbon of glycine (176.03 p.p.m.) as a sccondary reference.

The solid-state fluorine-19 NMR spectrum was obtained on a Bruker DSX 400WB NMR
system using a Bruker 4mm CRAMPS probe. The NMR spectrum utilized a simple pulse-acquire pulse
program. The samples were spun at 15.0 kHz, and a total of 128 scans were collected with a recycle
delay of 5 seconds. A vespel endcap was utilized to minimize fluorine background. A line broadening of
100 Hz was applied to the spectrum before FT was performed. Chemical shifts are reported using
poly(tetrafluoroethylene) (teflon) as an external secondary reference which was assigned a chemical shift
of -122 ppm.

DSC data were acquired using TA Instruments DSC 2910 or equivalent instnumentation.
Between 2 and 6 mg of sample were weighed into an open pan. This pan was then crimped and placed at
the sample position in the calorimeter cell. An empty pan was placed at the reference position. The
calorimeter cell was closed and a flow of nitrogen was passed through the cell. The heating program was
set to heat the sample at a heating rate of 10 °C/min to a temperature of approximately 250 °C. The
heating program was started. When the run was completed, the data were analyzed using the DSC
analysis program contained in the system software. The melting endotherm was integrated between
baseline temperature points that-are above and below the temperature range over which the endotherm
was observed. The data reported are the onset temperature, peak temperature and enthalpy.

FIG. 2 shows the solid-state carbon-13 CPMAS NMR spectrum for the crystalline
anhydrate Form I of Compound 1.

FIG. 3 shows the solid-state fluorine-19 MAS NMR. spectrum for the crystalline
anhydrate Form I of Compound I. Form I exhibited characteristic signals with chemical shift values of -
65.3, -105.1, and -120.4 p.p.m. Further characteristic of Form I are the signals with chemical shift values
of -80.6, -93.5, and -133.3 p.p.m.

FIG. 4 shows the differential calerimetry scan for the crystalline anhydrate Form 1. Form
1 exhibited a melting endotherm with an onset temperature of 215 °C, a peak temperature of 217 °C, and
an enthalpy of 221J/g.

FIG. 7 shows the solid-state carbon-13 CPMAS NMR spectrum for the crystalline
desolvated anhydrate Form II of Compound L

FIG. 8 shows the solid-state fluorine-19 MAS NMR spectrum for the crystalline
desolvated anhydrate Form IT of Compound 1. Form IT exhibited characteristic signals with chernical
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shift values of -65.1,-104.9, and -120.1 p.p.m. Further characteristic of Form II are the signals with
chemical shift values of -80.3, -94.5, -134.4, and -143.3 p.p.m.

FIG. 9 shows the differential calorimetry scan for crystalline desolvated anhydrate Form
. Form II exhibited a solid-solid transition exotherm to crystalline anhydrate Form I with an onset
temperature of 114 °C, a peak temperature of 125 °C, and an enthalpy of 2.3J/g.

FIG. 12 shows the solid-state carbon-13 CPMAS NMR spectrun: for the erystalline
anhydrate Form Il of Compound I

FIG. 13 shows the solid-state fluorine-19 MAS NMR spectrum for the crystailine
anhydrate Form IIT of Compound I. Form I exhibited characteristic signals with chemical shift values
of -63.0,-103.1, and -120.2 p.p.m. Further characteristic of Form III are the signals with chemical shift
values of -95.3, -98.7, -135.2, and -144.0 p.p.m.

FIG. 14 shows the differential calorimetry scan for crystalline anhydrate Form IIT. Form
11 exhibited a solid-solid transition endotherm to crystalline anhydrate Form I with an onset temperatare
of 80 °C, a peak temperature of 84 °C, and an enthalpy of 1.31/g.

FIG. 17 shows the solid-state carbon-13 CPMAS NMR spectrum for the crystalline
ethanol solvate of Compound L.

FIG. 18 shows the solid-state fluorine-19 MAS NMR spectrum for the crystalline ethanol
solvate of Compound I. The ethano!l solvate exhibited characteristic signals with chemical shift values of
-64.7, -104.5, and -121.9 p.p.ma. Further characteristic of ethano] solvate are the signals with chemical
shift values of -94.3, -117.7, -131.2, and
-142.6 pp.m.

The crystalline Compound I anhydrate Form I or Form IIT or mixture thereof of the
present invention has a phase purity of at least about 5% of Form I or Form Il or mixture thereof with
the above X-ray powder diffraction, fluorine-19 MAS NMR, carbon-13 CPMAS NMR, and DSC
physical characteristics. In one embodiment the phase purity is at least about 10% of Form I or Form I
or mixture thereof with the above solid-state physical characteristics. In a second embodiment the phase
purity is at least about 25% of Form I or Form III or mixture thereof with the above solid-state physical
characteristics. In a third embodiment the phase purity is at least about 50% of Form I or Form IIf or
mixture thereof with the above solid-state physical characteristics. In a fourth embodiment the phase
purity is at least about 75% of Form I or Form I or mixture thereof with the above solid-state physical
characteristics. In a fifth embodiment the phase purity is at least about 90% of Form I or Form Il or
mixture thereof with the above solid-state physical characteristics. In a sixth embodiment the crystalline
Compound I is the substantially phase pure Form I or Form III or mixture thereof with the above solid-
state physical characteristics. By the term “phase purity” is meant the solid state purity of the Compound

T anhydrate Form I or Form III or mixture thereof with regard to another particniar crystalline or
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amorphous form of Compound I as determined by the solid-state physical methods described in the
present application.

EXAMPLES OF PHARMACEUTICAT, COMPOSITIONS:

1) Direct compression process:
Compound I ashydrate Form I or Form Il or a mixture thereof (API) was formulated into

a tablet by a direct compression process. A 100 mg potency tablet is composed of 124 mg of the AP],
130 mg microcrystalline cellulose, 130 mg of mannitol (or 130 mg of dicalcium phosphate), 8 mg of
croscarmellose sodium, 8 mg of magnesium stearate and 16 mg of Opadry white (proprietary coating
material made by Colorcon, West Point, PA). The APIL, microcrystalline cellulose, mannitol (or
dicalcium phosphate), and croscarmellose sodium were first blended, and the mixture was then lubricated

with magnesium stearate and pressed into tablets. The tablets were then film coated with Opadry White.

) Roller compaction process:

Compound I anhydrate Form I or Form IIT or a mixture thereof was formulated into a
tablet by a roller compaction process. A 100 mg potency tablet is composed of 124 mg of the APL, 195
mg microcrystalline cellulose, 65 mg of mannitol, 8 mg of croscarmellose sodium, 8 mg of magnesium
stearate and 16 mg of Opadry white (proprietary coating material made by Colorcon, West Point, PA).
The API, microcrystalline cellulose, mannitol, and croscarmellose sodium were first blended, and the
mixture was then Iubricated with one third the total amount of magnesium stearate and roller compacted
into ribbens. These ribbons were then milled and the resulting granules were lubricated with the
remaining amount of the magnesium stearate and pressed into tablets. The tablets were then film coated
with Opadry White.

3) An intravenous (i.v.) aqueous formulation is defined as the anhydrate Form I or Form Il or 2 mixture
thereof of Compound I in 10 mM sodium acetate/0.8% saline solution at pH 4.5 0.2, For a formulatien
with a concentration of 4.0 mg/mL, 800 mg of NaCl is dissolved in 80 mL of water, then 57.5 L of
glacial acetic acid is added, followed by 496 mg of the anhydrate Form I or Form III or a mixture thereof.
The pH is adjusted to 4.5 + 0.2 with 0.1 N NaOH solution. The final volume is adjusted to 100 mL with
water. A 2.0-mg/mL solution can be made by dilution of 50.0 mL of the 4.0-mg/mL solution to 100.0
mL with placebo. A 1.0-mg/mL solution can be made by dilution of 25.0 mL of the 4.0-mg/mL solution
to 100.0 mL with placebo.

-19-

Merck Exhibit 2225, Page 161
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
IPR2020-00040



5

10

15

20

25

WO 2005/020920 PCT/US2004/027983

WHAT IS CLAIMED IS:

1. A dihydrogenphosphate salt of (2R)-4-oxo4-[3-(triflucromethyl}-5,6-
dihydro1,2 4]triazolo{4,3-a]pyrazin-7(8 H)-y1)-1-(2,4,5-triflucrophenyl)butan-2-amine of structural
formuta I:

. H3P04
NH, O

NN
e oV
M CF,

characterized ag being a crystalline anhydrate Form L

2. The crystalline anhydrate Form I of Claim I characterized by characteristic
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 18.42, 9.35, and
6.26 angstroms. .

3. The crystalline anhydrate Form I of Claim 2 further characterized by
characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
5.78,4.71, and 3.67 angstroms.

4. The crystalline anhydrate Form I of Claim 3 further characterized by
characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
3.99,2.71, and 2.66 angstroms.

5. The crystailine anhydrate Form I of Claim 4 further characterized by the X-ray
powder diffraction pattern of FIG. 1.

6. The crystalline anhydrate Form I of Claim 1 characterized by a solid-state
fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at -65.3,
-105.1, and -120.4 p.p.m.

7 The crystalline anhydrate Form I of Claim 6 further characterized by a solid-state
fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at
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-30.6, -93.5, and -133.3 p.p.m.

8. The crystalline anhydrate Form I of Claim 7 further characterized by the solid-
state fluorine-19 MAS nuclear magnetic resonance spectrum of FIG. 3.

9, The crystalline anhydrate Form I of Claim 1 characterized by the solid-state
carbon-13 CPMAS nuclear magnetic resonance spectrum of FIG. 2.

10. The crystalline anhydrate Form I of Claim 1 characterized by the
thermogravimetric analysis curve of FIG. 5.

11. The crystalline anhydrate Form I of Claim 1 characterized by the differential
scanning calorimetric (DSC) curve of FIG. 4.

12. A dihydrogenphosphate salt of (2R)-4-oxo-4-[3-(tvifluoromethyl)-5,6-
dihydro[1,2,4triazolo{4,3-alpyrazin-7(8 H)-y1]-1+2,4,5-trifluorophenyl)butan-2-amine of structural
formula I:

-HyPO,
NH, O

) CF5

characterized as being a crystalline anhydrate Form IIL

13. The crystalline anhydrate Form II of Claim 12 characterized by characteristic
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 17.88, 6.06, and
4.26 angstroms.

14. The crystaliine anhydrate Form I of Claim 13 further characterized by
characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
9.06, 5.71, and 4,55 angstroms.
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15.  The crystalline anhydrate Form I of Claim 14 further characterized by

characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
13.69, 6.50, and 3.04 angstroms.

16. The crystalline aphydrate Form IIT of Claim 15 further characterized by the X-
ray powder diffraction pattern of FIG. 11.

17. The crystalline anhydrate Form III of Claim 12 characterized by a solid-state
fluorine-19 MAS nuclear magnetic resonance spectrum showing sigpals at -63.0, -103.1, and -120.2
ppm

18. The crystalline anhydrate Form I of Claim 17 further characterized by a solid-
state fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at
-95.3,-98.7, -135.2, and -144.0 p.p.m.

19. The crystalline anhydrate Form III of Claim 18 further characterized by the
solid-state fluorine-19 MAS nuclear magnetic resonance spectrum of FIG. 13.

20. The crystalline anhydrate Form I of Claim 12 characterized by the solid-state
carbon-13 CPMAS nuclear magnetic resonance spectrum of FIG. 12.

21. The crystalline anhydrate Form III of Claim 12 characterized by the
thermogravimetric analysis curve of FIG. 15.

22. The crystalline anhydrate Form I of Claim 12 characterized by the differential
scanning calorimetric (DSC) curve of FIG. 14.

23. A dihydrogenphosphate salt of (2R)-4-0x0-4-[3-(trifluoromethyl)-5,6-
dihiydro[1,2,4]triazolo[4,3-alpyrazin-7{8 H)-y11-1-(2,4,5-triflucrophenyl)butan-2-amine of structural
formmla I:
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-HgPO,
NH, O

0 CFj

characterized as being a crystalline desolvated anhydrate Form I1.

24, The crystalline desolvated anhydrate Form I of Claim 23 characterized by
characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
7.09,5.27, and 4.30 angstroms.

25. The crystalline desolvated anhydrate Form I of Claim 24 further characterized
by characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
18.56, 9.43, and 4.19 angstroms.

26. The crystalline desolvated anhydrate Form II of Claim 25 further characterized
by characteristic reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of
6.32, 5.82, and 3.69 angstroms.

217. The crystalline desolvated anhydrate Form II of Claim 26 further characterized
by the X-ray powder diffraction pattern of FIG. 6.

28. The crystalline desolvated anhydrate Form Il of Claim 23 characterized by a
solid-state fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at -65.1, -104.9, and -
120.1 p.pm.

29. The crystalline desolvated anhydrate Form II of Claim 28 further characterized
by a solid-state fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at -80.3, -94.5, -
134.4, and -143.3 p.p.m.

30, The crystalline desolvated anhydrate Form II of Claim 29 further characterized
by the solid-state fluorine-19 MAS nuclear magnetic resonance spectrum of FIG. 8.
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31. The crystalline desolvated anhydrate Form II of Claim 23 characterized by the
solid-state carbon-13 CPMAS nuclear magpetic resonance spectrum of FIG. 7.

32. The crystalline desolvated anhydrate Form II of Claim 23 characterized by the
thermogravimetric analysis curve of FIG. 10.

33. The crystalline desolvated anhydrate Form I of Claim 23 characterized by the
differential scanning calorimetric (DSC) curve of FIG. 9.

34. A dihydrogenphosphate salt of (2R)-4-oxo0-4-[3-(trifluoromethyl})-5,6-
dihydro[1,2,4]triazolo[4,3-alpyrazin-7(8 H)-y1]-1-(2,4,5-trifluocrophenyl)butan-2-amine of structural
forrnula I:

. H3PO4
NH, O

(0 CFs |

characterized as being a crystalline solvate wherein the solvate is selected from the group consisting of

acetone solvate, acetonitrile solvats, methanolate, ethanolate, 1-propanolate, and 2-propanolate.
35. The crystalline solvate of Claim 34 wherein said solvate is an ethanolate.

36. The crystalline ethanolate of Claim 35 characterized by characteristic reflections
obtained from the X-ray powder diffraction pattern at spectral d-spacings of 7.09, 5.27, and 4.30
angstroms.

37. The crystalline ethanolate of Claim 36 further characterized by characteristic
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 18.56, 9.43, and
4.19 angstroms.

38. The crystalline ethanolate of Claim 37 further characterized by characteristic
reflections obtained from the X-ray powder diffraction pattern at spectral d-spacings of 6.32, 5.82, and
3.69 angstroms.
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39. The crystalline ethanolate of Clajm 38 further characterized by the X-ray powder
diffraction patiern of FIG. 16.

40, The crystalline ethanoclate of Claim 35 characterized by a solid-state fluorine-19
MAS nuclear magnetic resonance spectrum showing signals at -64.7, -104.5, and -121.9 p.p.m.

41. The crystalline cthanolate of Claim 40 further characterized by a solid-state
fluorine-19 MAS nuclear magnetic resonance spectrum showing signals at -94.3, -117.7, -131.2, and -
142.6 p.p.m

42. The crystalline ethanolate of Claim 41 further characterized by the solid-state
fluorine-19 MAS nuclear magpetic resonance spectrum of FIG. 18.

43. The crystailine ethanolate of Claim 35 characterized by the solid-state carbon-13
CPMAS nuclear magnetic resonance spectrum of FIG. 17,

44, The crystalline ethanolate of Claim 35 characterized by the thermogravimetric
analysis curve of FIG. 20,

45. The crystalline ethanoclate of Claim 35 characterized by the differential scanning
calorimetric (DSC) curve of FIG. 19.

46. A drug substance which is the dihydrogenphosphate salt of (2R)-4-ox0-4-[3-
(trifluoromethyl)-5,6-dihydro(1,2,4}triazolo[4,3-a]pyrazin-7(8 H)-y1}-1-(2,4,5-triflucrophenyl) butan-2-
amine of structural formula I:

. H3PO4
NH, O

comprising a mixture of crystalline anhydrate Form I and crystalline anhydrate Form IIL
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47. A dihydrogenphosphate salt of (2R)-4-ox0-4-[3-(triflnoromethyl)-5,6-
dihydro[1,2,41triazolo[4,3-a]pyrazin-7(8 H)-y11-1+(2,4,5-trifmorophenyl)butan-2-amine of structurali
formula I

- H 3PO4

NH, O
N N,
F K/?:\(N
(N CF3

5  comprising a detectable amount of crystalline anhydrate Form I or crystalline anhydrate Form Il or a
mixture thereof.

48, A dihydrogenphosphate salt of (2R)-4-oxo0-4-[3-(trifluoremethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-triflucrophenyl)butan-2-amine of structural
10 formula L

" +HzPO,
NH, O
NN

(0 CF,

comprising substantially all by weight of crystalline anhydrate Form I or crystalline anhydrate Form T or

a mixture thereof.

49, A pharmaceutical composition comprising a prophylactically or therapeutically
15  effective amount of the salt of Claim 1 or Claim 12 or a mixture thereof in association with one or more

pharmaceutically acceptable carriers or excipients.

50. A method of treating Type 2 diabetes comprising administering to a patient in

need of such treatment a therapeutically effective amount of the salt according to Claim 1 or Claim 12 or

20  amixture thereof.
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51. The salt of Claim 1 or Claim 12 or a mixture thereof for use in the treatment of
Type 2 diabetes.

52. Use of the salt of Claim 1 or Claim 12 or a mixture thereof as active ingredient

in the manufacture of a medicament for use in the treatment of Type 2 diabetes.
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233140, 4063-02-01, Compound 184, in DMS0O-d6, 1H NMR, referenced to solvent at 2.5 ppm
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Plot fila:



Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

4063-02-01,

233140,

400883
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233140, 4063-02-01, Compound 184, in DMS50-d6, 1H NMR, referenced to solvent at 2.5 ppm

400883
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1H NMR, referenced to solvent at 2.5 ppm

4063-03-01, Compound 184, in DMSO-d6,

233141,

400888
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referenced to solvent at 2.5 ppm

1H NMR,

in DMSO-d6,

233141, 4063-03-01, Compound 184,

400888
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234636, 4063-18-01, Compound 184, in DMSO-d6, 1H NMR, raferenced to solvent at 2.5 ppm

401158
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234636, 4063-18-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

401158
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234636, 4063~1B-01, Compound 184, in DM50-d§, 1H NMR, referenced to solvent at 2.5 ppm

401158
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234636, 4063-18-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm
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233142, 4063-04-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

400891
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1H NMR, referenced to solvent at 2.5 ppm

4063-04-01, Compound 184, in DMSO-d6,

233142,

400891
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referenced to solvent at 2.5 ppm

Compound 184, in DMSO-d6, 1H NMR,

4063-19-01,

234584,

401064
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234584, 4063-19-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

401064
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234584, 4063-19-01, Compound 184, in DMSO-d6, 1H NMR, referenced to gsolvent at 2.5 ppm
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234584, 4063-19-01, Compound 184, in DM80-d6, 1H NMR, referenced to solvent at 2.5 ppm
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File:

E
no*o-—\ g: }:
£00° 0-
€00°0 _1\_** o m
150°0 .
csn'u}— . e
BSO'D_/ 3 ' N
Z80° 0 C =
E60°0 D o
£01°0 o
SZT'0 !
0ET 0 s

F -
L [«
< : o
I3 -
3 1
L o
- o
bt
L o "|
r o |
8¥e 0 I I
L o .
C ~
520" T = .~ | =
Vo 1— r ]l °
I o~
i P
T€2°1 s 2
-
C -
L w
L “
5z6°1T c E
£95°T L o [
— » o
-
PYLT - . =
e
I o
N
- n
e
¥80° z—— - “
L o
o

Merck Exhibit 2225, Page 230
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.

IPR2020-00040

401064-5

Plot file:



T-689T0F ‘@TTF I0Ta

wdd o- 4 v 9 8 0T eT v1
NI | _’__!_F_.ﬂl_xr_____\__L N f_er_F[__r___.!_—____ IO R T S RO R WY VR S S S S SRS H VS N |
[ T _ _

ZLOTET 9218 LA

ZH Z2°'0 “Dﬁ.mﬂw.ﬁ_mohnﬂ 2UTT
DNISSII0Ed viIvYa

(ZMW ZEZLSHL 66E) TH :SNITOON dAI8SAQ

000Z¢ :s3utoed psxTnboy

BUED® Qb

{wdd 800°9T) ZzH 0°00P9 UIPTA Texjdeds

oes Qg Z :suwry ‘boy

(*Bep 0-06) 29sn 1°g YIPTA @3TNd

oes g00°'G :LeTop ‘xetr8Y

1ndzs :eouenbag asTng

ZH 02 :@jex utdg

arnjezadual JUITAUY

OSHAa :Jusafos

ddIA unug 8aqorxd

010z ST Xew :s3eq -boy

IaTeeym '3 '‘Ag pass\poig

1,/_ 6 STIRIOE 50

[l G0ZITE yojed !§0-£0-P0OZ AT !DT° guUWNA

523 w38u-aIngdezIong,  0Q0p-YAONI

;o
68910V :oTTa
wdd gz 38 qUOATOS 03 peDUSIeieX ‘WWN HI ‘9P-O0SHWa UT ‘ygT punodwod ‘T0-GE-£30V ‘VLBVEZ

e e . =

Merck Exhibit 2225, Page 231

Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.

IPR2020-00040



1H NMR, referenced to solvent at 2.5 ppm

4063-35-01, Compound 184, in DMSO—df,

234874,

401689
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referenced to solvent at 2.5 ppm

234874, 4063-35-01, Compound 184, in DMSO-d6, 1H NMR,

401689
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234874, 4063-35-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

401689
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1H NMR, referenced to solvent at 2.5 ppm

234874, 4063-35-01, Compound 184, in DMSO-d6,

401689
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referenced to solvent at 2.5 ppm

234872, 4063-34-01, Compound 184, in DMSO-d6, 1E NMR,

401687
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referenced to solvent at 2.5 ppm

234872, 4063-34-01, Compound 184, in DMSC-d6, 1H NMR,

401687
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1 t at 2.5 ppm
234872, 4063-34-01, Compound 184, in DMSO-d6, 1H NMMR, referenced to soived

401687
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referenced to solvent at 2.5 ppm

4063-34-01, Compound 184, in DM30-d6, 1H NMR,

234872,

401687
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referenced to solvent at 2.5 ppm

234873, 4063~32-01, Compound 184, in DMSO-d6, 1H NMR,

401688
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.5 m
234873, 4063-32-01, Compound 184, in pMSO-d6, 1H NMR, referenced to sclvent at 2 PP

401688
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234873, 4063-32-01, Compound 184, in DMSO-d6, 1 NMR, referenced te solvent at 2.5 ppm

401688
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234873, 4063-32-01, Compound 184, in DMSO-d6, 1H NMR, referenced to solvent at 2.5 ppm

401688
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235805, 4063-50-01, Compound 184, in DMSO-d6, 1 NMR, referenced to solvent at 2.5 ppm

403325
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referenced to solvent at 2.5 ppm

1H NMR,

4063~50-01, Compound 184, in DMSO-d€,

235805,

403325
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referenced to solvent at 2.5 ppm

4063-50-01, Compound 184, in DMSO-dé, 1H NMR,

235805,

403325
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referenced to solvent at 2.5 ppm

1H NMR,

4063-50-01, Compound 184, in DMSO-dE,

235805,

403325
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referenced to solvent at 2.5 ppm

1H NMR,

in DM50-d6,

4063-51-01, Compound 184,

235806,

403326
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referenced to solvent at 2.5 ppm

4063-51-01, Compound 184, in DMSO-d6, 1H NMR,

2358086,

403326
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referenced to solvent at 2.5 ppm

1H NMR,

in DMSO-d6,

4063-51-01, Compound 184,

235806,

403326
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referenced to solvent at 2.5 ppm

4063-51-01, Compound 184, in DMSO-d6, 1H NMR,

2358086,

403326
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iH NMR, referenced to solvent at 2.5 ppm

in DMSO-d6,

4063-56-01, Compound 184,

235848,

403553
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referenced to solvent at 2.5 ppm

1H NMR,

in DMSO-d6,

4063-56-01, Compound 184,

235848,
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235849, 4063-57-01, Compound 184, in DMSO-d6, 1lH NMR, referenced to solvent at 2.5 ppm

403554
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referenced to solvent at 2.5 ppm

4063-57-01, Compound 1B4, in DMSO-d6é, 1lH NMR,

235849,

403554
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in DMSO-d6,

4063-57-01, Compound 184,

235849,

1H WMR, referenced to solvent at 2.5 ppm
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Report Number. 21736

A GALBRAITH.

LABORATORIES, IHE Report Date: 2010-05-12

Report prepared for:
Karen Gushurst

Apluit West Lafayette

SSCi

3065 Kent Ave

W Lafayette, IN 47906

Phone: 7685-463-0112 ext. 3231
Fax: 765-463-4722

Emai:  karen.gushursi@aptul.com

Laboratory Report

Report prepared by:
Debbie S Robertson

Purchase Order:

For further assistance, contact:
Debbie S Robestson
Report Production Coordinator
PO Box 51610
Knoxville, TN 37950-1610
(865) 546-1335
i I

Sample: LIMS 233141
LabiD: 2010-K-8837

Received: 2010-05-11

Analysis Method Result Basis Amourt Date (Time)
C : Carbon

GLI Procedure ME-3 3776 %:- As Received 1.882 mg - 2100512
H : Hydrogen -

GL! Procadure ME-3 347% As Received 1882mg . 2010-05-12:
N Nitrogen

GL! Procedure ME-3 _1360% As Received 1.882mg - 2010-05-12
P : Phosphorus

GLI Procedure ME -70  597% As Received 110.15mg. - 2010-06-11

Sample: LIMS 233142
LabID: 2010-K-8838

Received: 2010-05-11

Analysis Method Result Basis Amount Date (Time)
C : Carbon

GL! Procedure ME -3 3778% - - As Received 1.345 mg 20100512
H : Hydrogen

GU Procedure ME-3 341%. - . As Recéived 1.345mg 2010-05-12
N : Nitrogen )

GL! Procedure ME-3 . 1362% AsReceived - 1.345mg - 2010-06-12
P Phosphorus

GLI Procedure ME-70 59 % As Received 9428 mg  :  2010-05-11

Sample: LIMS 233140
LabIb: 2010-K-8839

Received: 2010-05-11

Analysis Method Result Basis Amount Date (Time)
C: Carbon

GLI Procedure ME-3 37.92% As Received 1.335mg 2010-05-12
H : Hydrogen

GLI Procedure ME-3 343% As Received 1.335mg 2010-05-12

Copyright 2010 Galbraith Laboratories, Inc.
Reported resulis are only applicable to the item tested.

This report shall not be reproduced, except in full, without the written approvai of the laboratory.
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Report Number: 24736 6 LABORATORIES (NC. Repost Date: 2010-05-12

N : Nitrogen .
GLl Procedure ME-3 1354 % .___As Received 1.335mg .2010-05-12
P : Phosphorus
GL! Procedure ME-70 615 % As Received 135.85 mg 2010-05-11:
Signatures:
Published By: Debbie.S.Robertson 2010-05-12T20:27:16.163-04.00

Copyright 2010 Galbraith Laborafories, inc.
. Reported results are only applicable to the item tested.
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Repoit Number. 22030 6_ LADOKATORIES tWC Repor Date: 2010 -05-24

Laboratory Report
Report prepared for: Repo_rt prepared by:
Karen Gushurst Tony Pickett
Senior Research Investigalor
SSCYAplug Purchase Order:
3065 Kent Ave APWLF-834
W. Lafayelte, IN 47906
Phone:  765-463-0112 ext. 3231 For further assistance, contact:
Emai;  karengushurst@aptull.com, Tony Pickett
Technical Manager
PO Box 51610
Knoxville, TN 37850-1610
(865) 546-1335
Sample: 4063-18-01 LIMS 234636
Lab ID: 2010-K-9866 Received: 2010-05-21
Analysis Method Result Basis Amourtt Date {Time)
GL! Procedure ME -2 oL L 3BO01% As Received 2285 mg S 200-05-24.
Gt! Procedure ME-2 37.89% As Received 2432mg  2010-05-A4
GLI Procadure ME -2 3790% . - MAsReceed 2213mg . - 20004052 -
GLI Procedure ME -2 37.75% As Received 2.251mg 2010-05-2
GLi Procedure ME-2 <. "389% .. AsReceved ~ 2285my- v 52010.06-24
GL! Procedure ME -2 367% AsReceived  2.132mg 2010-05-24
GLI Procedure ME-2 358% ° . AsRéceéved 2213mg . 201006-2;
GL Procedure ME-2 362% As Received 2.251 mg 2010-06-22
N : Nitrogen o ‘
GL! Procedure ME-2 1373% - As Received 2285mg-. 20104}5 24:7
GLI Procedure ME -2 1368 % As Received 2132 mL 2010-06-4
P : Phosphorus
GLI Procedure ME -70 : . 604% AsReceved  2682mg - - ¢ 20M0-05-2-
GU Procedure ME -70 6.19% As Received 2564mg . 2010-05-2
GLI Procedure ME -70 . 114 % Recovery "As Received 2522mg © - H20104085-20 .-
Sample: 4063-19-01 LIMS 234584
Lab ID: 2010-K-9867 Received; 2010-05-21
Analysis Method Result Basis Amount Date (Time)
C: Carban
GLI Procedure ME -2 JTV% AsReceved  "2148mg -~ 2010-06-M
GLI Procedure ME -2 3764 % As Received 2.044 mg 2010-05-24
GLI Procedure ME -2 3TE% As Recelved 2167 mg 2010-05-2
GLI Procedure ME-2 3771% As Received 2.157 mg 2010-05-2
H: Hydogen -
GLI Procedure ME -2 3689% As Received 2148 mg 2010-065-4
GLI Procedure ME-2 370% As Received 2044 mg 2010-06-24
GLI Procedure ME -2 366% As Received 2.167 mg 201005-2

Copynright 2010 Galbraith Laboratories, nc.

O Reported results are anly apphicable to the itam testad.
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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é GALBRAITH.

ReEOn Number. 22030 RATORIES, tNC RQM Data: m10'm'24

GU Procedure ME -2 3.62% As Received 2157 mg 2010-06-2
N Nitrogen ) . o

GLI Procedure ME-2 13.65 % . AsReceived . 2148mg . .. 2010-05-M4

GLI Procedure ME-2 1363 % As Received 2.044 mg 2010-05-24
P : Phosphorus ) ‘

GL! Procedure ME-70 605% - AsReceived: - -2745mg - - 2010-06-22

GLI Procedure ME-70 6.00 % As Received 2592 mg 2010-05-22

For all samples on this report:

1. These analyses were performed in compliance with the requirements of 24 CFR 58 petaining to an analytical chemistry laboratory
supporting a study under Good Laboratory Practices, with the following exceptions;
1. The protoco! for the study is not available.
A. The test article has not been identified.
B. The sponsor has not been igentified.
C. The study director has not been identified.
D. The date that the study was initiated has not been supplied.
E. The current status of the study is not known.
2. The completion date of the study is not known.
3. Aretention sample and sample container are not archived at our facility. They will be retumed for your archival,
4. The archival of the raw data will occur during the second quarter of 2011, Raw data will be retained for ten years. If data refention is
required for a longer period of time, arangements for a transfer of records must be made.

Matrix spike analyses were performed as part of our internat Quality Control Program. There is no addifional charge for matrix spike values.

3. Additional duplicate values were generated for Carbon and Hydrogen. There will be no charge for the additional values.

Signatures:
Modified By: tony.pickett 2010-05-24T21:0217.35-04:00
Inspected By: david.r.venner 2010-05-24T721:04.22.5-04:00
Published By: david.r venner

2010-05-24721:04:30.767 -04:00

e ltC:e(:;'pyright 2010 Galbraith Laboratories, Inc.
) ported results are only applicable to the item tested.
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Quality Assurance Statement

Please forward this document to the Study Director responsible for the chemical analyses
enclosed.

Galbraith Sample identification Number(s): K-9866-9867
Protocol/Study Title: unidentified

Regulations Applicable:21 CFR 58

Galbraith Laboratories, Inc. Project Manager(s): Tony Pickett
Offsite Study Director: unidentified

Sponsor: unidentified

The following are inspection dates and report dates of QA inspections of this study:

PHASES OF STUDY DATE REPORTED TO | REPORTED TO REPORTED TO
INSPECTED INSPECTED STUDY STUDY GALBRAITH
DIRECTOR DIRECTOR'S MANAGEMENT
MANAGEMENT
Raw data for all 05/24/2010 | 05/24/2010 05/24/2010 05/24/2010
analyses
LFinal Report 05/24/2010 | 05/24/2010 05/24/2010 05/24/2010
David R. Venner, |nspectorm f ' %/"‘m Date ﬂs/z(// 17

Dear Study Director and Management Representative:

Please sign and date below to acknowledge receipt of this Quality Assurance Statement and

attached findings/observations. Fax signed and dated acknowled i
Assurance Unit at 865-546-7209. gementto the Qualky

Study Director

Date

Management Representative

Date

Page 1 of 2

Mailing: P.O. Box 51610 | Knoxville, TN 37950-1610

——sm—

Shipping: 2323 Sycamore Dr. | Knoxvitle, TN 37921-1700 .
e L O RS RIL BT A0 -

www.galbraith.com Fax: 865.546.7209
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*+ CONFIDENTIAL *** CONFIDENTIAL *** CONFIDENTIAL ***

The foliowing findings proceeded from our inspection of your study under Galbraith sample

identification number(s). K-8866-9867

Finding/Observation Disposition of Finding
The project management sheet listed an incorrect method for the Corrected
Phosphorus analysis.
The Phosphorus prep analyst omitted the hot plate instrument Corrected
number from the project management sheet and the data sheet
The data verifier and Phosphorus prep analyst left blank spaces on Corrected
the. data sheet without marking them “NA"
Valid Carbon and Hydrogen data from 05/22/10 was omitied from the
analytical report. Report amended prior to
release.
(Dgﬂ-/ﬂ 0/ }io
David R. Venner, inspector Date
Page 2 of 2
Mailing: P.O. Box 51610 | Knoxville, TN 37950-1
; -1610 T
TR = e Shipping: 2323 Sycamore Dr. | Knoxville, TN 37921-1700

www.galbraith.com

Fax: Bb65.546.7209

Merck Exhibit 2225, Page 286

Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.

IPR2020-00040



_r\.;t“L"AjBfO-TR;A‘Ii RTESRENC

Quality Assurance Statement
Please forward this document to the Study Director responsible for the chemical analyses
enclosed.
Galbraith Sample Identification Number(s): L-0077 thru L-0079
Protocol/Study Title: unidentified
Reguiations Applicable: 21 CFR 58
Galbraith Laboratories, inc. Project Manager(s): Tony Pickett
Offsite Study Director: unidentified

Sponsor: unidentified

The following are inspection dales and report dates of QA inspections of this study:

DATE REPORTED TO REPORTED TO | REPORTED TO
PHASES OF STUDY | INSPECTED | STUDY DIRECTOR STUDY GALBRAITH
INSPECTED DIRECTOR’S | MANAGEMENT
MANAGEMENT
Raw Data 5126110 5/26/10 5/26/10 5/26/10
Report 5/26/10 5/26/10 5/26/10 5/26/10
inspector Mﬁ . {/&vv—\ Date 05‘/'1,;_/[0

Dear Study Director and Management Representative:

Please sign and date beiow to acknowledge receipt of this Quality Assurance Statement and

attached findings/observations. Fax signed and dated acknowled i
Assurance Unit at 865-546-7209. gementfo the Qualiy

Study Director Date

Management Representative

Date

Page 1 0f 2

Mailing: P.O. Box 51610 | Knoxville, TN 3795
, o- .
T PO Box 51610 1610 Shipping: 2323 Sycamore Dr. | Knoxville, TN 37921-1700

www.galbraith.com Fax: 865.546.7209
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++ CONFIDENTIAL *** CONFIDENTIAL *** CONFIDENTIAL ***

The following findings proceeded from our inspection of your study under Galbraith sample
identification number(s). L-0077 thru L-0079

Finding/Observation Disposition of Finding
Comment box on datasheet not filled out Corrected
Number of pages in datasheet packet was not indicated Correcied
Units were missing for duplicate result on L0079 Corrected

D /M 08/26 /10

Inspector Date

Page2of 2
Mailing: P.O. B i
ol Frege: e _;3: 4591317(;; Knoxville, TN 37950-1610 Shipping: 2323 Sycamore Dr. | Knoxville, TN 37921-1700
www.galbraith.com Fax: 865.546.7209
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Report Number: 22108 &%‘ﬂnva REES. IMC Report Date: 2010-06-28

Laboratory Report
Report prepared for: gt:p g;'cieﬂrep ared by:
Karen Gushurst _ ¥
ges%'cl’l:;uu oh nvestigabor Purchase Order:
3085 Kent Ave APWLF -045
W lafayette, IN 47906 . .
Phone:  765-463-0112 ext. 3231 For further assistance, contact:
Emai:  karengushurst@aptuft.com Tony Pickett
Technical Manager
PO Box 51610
Knoxvile, TN 37850-1610
(865) 546-1335
Sample: 234872 )
LabiD: 2010-L-0077 - Received: 2010-05-25
Analysis Method Result Basis Amount Date (Time)
C : Carbon ‘ . :
GL Procedure ME-2 ’ 3786% : As Received 2410 mg ©2010-06-%6 .
GLI Procedure ME-2 3778 % As Received 2230 mg 2010-05-28
H:H n . N -
el GLi Procedure ME-2 ~360% - As Received. 2410mg 2010-05-26. - -
GLI Procedure ME-2 3.66 % As Received 2.230 mg 2010-05-26
N : Nitrogen ) o L . Nk o
GLI Procedure ME -2 o ©.1397% - - - ASReceived  -2410mg . - 201005-281 "
GL! Procedure ME -2 13.94 % As Received 2.230 mg 2010-05-%
P : Phosphorus } i , . o
GU! Procedure ME -70 ©o818% - As Recsived 2551mg .. 2010068 .
GU Procedure ME-70 626% As Received 2561 mg 2010-05-6
GU Procedure ME-70 ) 115 % Recovery. As Received 2318mg - 201005-8 0 .
Sample: 234873
Lab ID: 2010-L-0078 Received: 2010-05-25
Analysis Method Result Basis Amount Date {Tims)
C: Carbon
GLI Procedure ME-2 3779% As Received 2290 mg 2010-56-6
GLI Procedure ME-2 3T71% As Received 2053 mg 2010-05-26
H: Hydmogen
GL! Procedure ME -2 357 % As Recelved 2290 mg 2010-05-26
GL! Procedure ME-2 3.59% As Received 2.053mg 20-05-26
N : Nitrogen
GLI Procedure ME -2 1357 % As Received 2290 mg 2010-05-%
GLI Procedure ME-2 13.97 % As Received 2053 mg 2010-05-6
P : Phosphorus
GLI Procedure ME -70 633% As Received 2533 mg 2010-05-%6
GLI Procedure ME-70 6.25% As Received 26.15mg 2010-05-26

Copynght 2010 Galbraith Laboratories, Inc.
) Reported results are only applicable to the item tested.
This report shall not be reproduced, except in full, without the written approval of the iaboratory.

Page tof 2
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Report Number. 22108 611.0:Aronu.fn¢r_.

Report Date: 2010-05-26

Sample: 234874
LabiD: 2010-L-0079

Received: 2010-05—25‘

Analysis Method Result Basis Amount Date (Time)
C: Cambon ‘ _
GL! Procedure ME -2 37B5% AsReceived . 2029mg . - 2010-05-26
GLI Procedure ME -2 377%% As Received 2111 mg 2010-05-%6
H : Hydrogen o o o
GU Procedure ME -2 360% AsReceoived ™ . 2020mQ.... 3 2010408-28
GL! Procedure ME-2 3.64 % As Received 2411 mg 2010-05-26
N : Nitrogen __‘
GUi Procedure ME -2 13.92% - AsReceived: - 2a20ng+ . » v '2010-05-28
GLI Procedwe ME-2 13.90 % As Received 2411 "Ei 2010-05-%5
P : Phosphorus )
GLI Procedure ME-70 . 603%. AsRecebved 27.98mg o 2010-05-28-
GU Procedure ME -70 6.21% As Received 2591 mg 2010-05-%5

For all samples on this report:

1. These analyses were performed in compliance with the requirements of 21 CFR 58 pertaining to an analytical chemistry laboratory

supporting a study under Good Laboratory Practices, with the following exceptions;

1. The protocol for the study is not available.
A. Thetest article has nol been identified.
B. The sponsor has not been identified.
C. The study director has not been identified.

D. The date that the study was initiated has not been supplied.

E. The current status of the study is not known.
2. The completion date of the study is not known.

3. Aretention sample and sample container are not archived at our facility. They will be retumed for your archival.
4. The archival of the raw data will occur during the second quarter of 2011. Raw data wili be retained for ten years. If data retention is

required for a longer period of time, arrangements for a transfer of records must be made.

2

Signatures:
Inspected By: david.r.venner
Published By: david.r.venner

Matrix spke analyses were performed as part of our intemal Quality Control Program. There is no additional charge for matrix spike values.

2010-05-26T20:14:32.68-04.00
2010-05-26T20:14:38.68-04:00

Copyright 2010 Galbraith Laboratories, Inc.

Reponed results are only applicable to the item tested,
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Report Number: 22428 ﬁ“lanroun.mc. Report Date: 2010-06-(8

Laboratory Report
Report prepared for: Report prepared by:
Karen Gushurst A Daniel R Longnecker
Senior Research Investigator
SSCH/ Aptutt Purchase Order:
3065 Kert Ave
wp’. %f&ﬂ;ﬂs o1 For further assistance, contact:
’ Daniel R Longnecker
Fac  765-463-4722 _ Technical Mareger
Emai:  karen,gushucst@aptuit com PO Box 51610
Kncocville, TN 37650-1610
(865) 546-1335
Sample: 235805
LabID: 2010-L-1100 Received: 2010-06-07
Analysis Method Result Basls Amount Date (Time)
GLI Procadure ME-2 oY, 3644%. 7. . AtReceied 2408mg - L 100-08-08 .
G| Procedure ME-2 3657 % AS Received 2.099mg 2010-06-08
H : Hydrogen _ L .
GLl Procedure ME-2 © A58% .. i - AsReceived -  2406mg’ .. 2010-08-08
GLI Procadiwe ME-2 365% As Received 2099 mg 2010-06(8
N : Nitrogen ] o )
GL! Procedure ME-2 - -1350% .. ABReceved v - 2.408mg:-
GLI Pmcedure ME-2 1353 % As Received 2.089mg
P : Phosphorus oL
GLi Procedure ME-70 633% -  AsRecelved:: ."2688mg. .- 20100608

GLI Procedure ME-70 ) 629%  AsRecsived  3150mg 2010-06-08
GLIProcedire ME-70 4 : ‘

1. The matrix spike analysis was performed to satisfy method requ1remems There is no additional charge fm the matnx spike lesun

Sample: 235806

LabID: 2010-L-1101 Received: 2010-06-07

Analysls Method Result Basis Amount Date (Time)

C. Carbon
GLI Procedure ME-2 37.97 % . AgReceived. . 2066mg’ .- . - 2010-06-08.
GLI Procedure ME-2 37.94 % As Received 2.245mg 2010-05-08

H : Hydrogen
gll:!Pmcedm ME-2 358% 4 As Received 2086mg - i 201008-08

| Procedure ME-2 361% As Received 2.245

T — mg 2010-06-08
GLI Procedure ME-2 14,05 % As Raceived 2068 mg - 201008-08 -
GL! Procecure ME-2 1411 % AsReceived  2.245 T

P : Phosphorus L TREE
GLI Proceduse ME-70 572% As Received 26.90 mg 2010-06-08

Copyright 2010 Galbraith Laboratores, Inc,
Reported results are only applicable to the item tested.
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Report Number: 22425 6;4.::.‘10--1;.::-:. Repoit Date: 2010-06-08

GLI| Procedure ME-70 ' 5.84 % As Recewed 27.60mg 2010-06-08

Sample: 235848

LabID: 2010-L-1402 Received: 2010-06-07
Analysis Method Result Basis Amount Date (Time)
C: Carbon
GLi Procedure ME-2
GL! Procedure ME-2
H : Hydrogen o
GLI Procedure ME-2
N : Nitrogen - o
GLI Procedure ME -2
P : Phosphorus

GLI Procedure ME-70
GLI Procedure ME-7TD

Sample: 235849

LabiD: 2010-L-1103 Received: 2010-06-07
Analysis Mathod Result Basis Amount Date (Time)
C: Cam E . . PR . .. . . - .
GLI Procedure ME-2 Yoki3TE8 % i As Receved -0 2119mg: v 20100808
GLI Procedure ME-2 J7.85% As Received 2,088mg 2010-06-08
H : Hydrogen _ _
GLI Procedure ME-2 s 359% - As Received 2119mg 20100608
GLI Procedure ME -2 357 % As Received 2088 mg 2010-06-08
N : Nitrogen . )
GL! Procedure ME-2 1399 % - ABReceived 2119mg: - 2010-0608
GL! Procadure ME-2 13.96 % As Received 2.088 mg 2010-06-08
P : Phosphorus _ _ _
GLi Procedure ME-70 584%. : “As Recelved 2872mg . -, 20100608
GLI Procedure ME-70 585 % As Received 28.14mg 2010-06-08

For all samples on this report:

2 These analyses were performed in compliance with the requirements of 21 CFR 58 pertaining to an analytical cherristry laboratory
supporting a study under Good Laboratory Practices, with the following exceptions;
1. The protocol for the study is not available.
A. The test arficle has not been identified.
B. The sponsor has not been identified,
C. The study director has not been identified.
D. The date that the study was initiated has not been supplied.
E. The current status of the study is not known.
2. The completion date of the study is not known.
3. A retention sample and sample cortainer are not archived at our facility, They will be returned for your archival.
4. The archival of the raw data wil occur during the second quarter of 2011. Raw data will be retained for ten years. If data retention is
required for a longer period of time, arrangements for a transfer of records musl be made.

Signatures:
Published By: bruce.w tackes 2010-06-08T20:48:49.32-04 .00
Inspecied By: bruce.w tackes

2010-06-08T20:48:40.633-04.00

Copyright 2010 Galbraith Laboratories, Inc.
. Reporied results are only applicable to the item tested.
This report shalt not be reproduced, except in full, without the written approval of the laboratory.
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Report Number: 22428 611\-9“101155,”«. Report Date: 2010-05-08

131:52.14 00
Modified By: daniel.r longnecker 2010-05-08T20:31:52.147 -04

Capyright 2010 Galbraith Laboratosies, Inc,
) Reported resutts are only appicable to the item tested.
This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Quality Assurance Statement

Please forward this document to the Study Director responsible for the chemical analyses
enclosed. '

Galbraith Sample Identification Number(s): L-1100 thru L-1103
Protocol/Study Title: unidentified

Regulations Applicable: 21 CFR 58

Galbraith Laboratories, Inc. Project Manager(s): Dan R.Longnecker
Offsite Study Directer: unidentified

Sponsor: unidentified

The following are inspection dates and report dates of QA inspections of this study:

DATE REPORTED TO REPORTED TO | REPORTED TO
PHASES OF STUDY | INSPECTED | STUDY DIRECTOR STUDY GALBRAITH
INSPECTED DIRECTOR’'S MANAGEMENT
MANAGEMENT
Raw Data 6/8/10 6/8/10 6/8M10 6/8/10
Report 6/8/10 6/8/10 6/8/10 6/8/10
Inspector i Date éz é Zé&

Dear Study Director and Management Representative:

Please sign and date beiow to acknowledge receipt of this Quality Assurance Statement and
atlached findings/observations. Fax signed and dated acknowiedgement to the Quality

Assurance Unit at 865-546-7209.

Study Director

Management Representative

Date

Date

Page 1 0f 2

Mailing: P.O. Box 51610 | Knoxville, TN 37950-1610
Toll Free: 1.877.449.8797

Shipping: 2323 Sycamore Dr. | Knoxville, TN 37921-1700

www.galbraith.com Fax: 865.546.7209
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++ CONFIDENTIAL *** CONFIDENTIAL *** CONFIDENTIAL ***

The following findings proceeded from our inspection of your study under Galbraith sample

identification number{s): L-1100 thru L-1103

Finding/Observation Disposition of Finding
Calculation error on first test for L-1102 Corrected
%f»« e e
Inspector ’ Date
Page 2 of 2

Mailing: P.O. Box 51610 | Knoxville, TN 37950-1610
Toll Free: 1.877.449.8797
wwiw. galbraith.com

Shipping: 2323 Sycamore Dr. | Knoxville, TN 37921-1700
Fax: 865.546.7209
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Chapter 2

Solubility and Dissolution of Weak Acids,
Bases, and Salts

by Madhu Pudipeddi*, Abu T. M. Serajuddin, David J. W. Grant,
and P. Heinrich Stahl

Contents

|. Introduction
Solubility Behavior of Acids, Bases, and Their Salts
2.1. Measurement of Aqueous Solubility
2.2, General Features of pH-Solubility Profiles
2.3. pH,uux
2.4. Difficulties in Determination of Salt Solubility
3. Dissolution Behavior of Acids, Bases, and Their Salts
3.1. Measurement of Dissolution Rate
3.2. Dissolution into Reactive Media
4. Relevance of pH Relations of Solubility and Dissolution to Salt Selection
and Formulation
4.1. Solution Formulations
4.2. Solid Formulations
5. Non-ldeal Solubility Behavior
REFERENCES

[

1. Introduction

Improvement of dissolution rate of weakly acidic or weakly basic drugs
that are poorly soluble is one of the primary reasons for preparation of
pharmaceutical salt forms [1 -7}. Salt forms have also been used to control
drug dissolution [8] [9]. This chapter examines the pH-dependencies of the
solubility and dissolution rate of pharmaceutical acids, bases, and salts, and
the relevance of these dependencies to the selection of the final form.
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20 PHARMACEUTICAL SALTS:

2. Solubility Behavior of Acids, Bases, and Their Salts
2.1. Measurement of Aqueous Solubility

The solubsility of an ionizable compound as a function of pH, known as the
pH—solubility profile, can be determined by phase-solubility techniques [10)
[11]). Saturated solutions of a free acid, base. or salt are prepared by shaking an
excess of the solid with an appropriate volume of deionized water at controlled
temperature. Solubilities at various pH values are determined by stepwise titra-
tion of these suspensions with a relatively strong acid or base. After each ad-
dition, equilibrium is re-established by agitation. The pH of the suspension is
measured, and the supernatant solution phase is analyzed for total solute con-
centration. The process is continued until the entire pH—solubility profile is ob-
tained. The ionic strength of the system is not controlled in this method.

Alternatively, buffer solutions of suitable ionic strength may be used to
maintain the desired pH conditions {12 - 14]. However, inadequate buffer ca-
pacity and suppression of solubility due to ionic-strength effects have been
noticed when buffers are used for pH—solubility studies [12]. Salt formation
with buffer species may also occur when buffers are used to control pH. Re-
cently, an automated potentiometric method has been described for determi-
nation of pH—solubility profiles [15].

Establishment of equilibrium must be confirmed in all cases by verifying
the constancy of solubility values at various times during equilibration. The
solid phase in equilibrium with the saturated solution (referred 1o as ‘excess
sohid’) must be verified at selected pH values to identify potential solid-stare
transformations, such as polymorph/hydrate formation, or conversion of salt
to free acid or base, or vice versa. In a routine preformulation operation, ther-
mal analysis of the excess solid may provide a simple means to identify
solid-state transformations, but powder X-ray diffractometry is usually more
reliable. Elemental analysis may also be performed for further identification
of the solid phase.

2.2. General Features of pH-Solubility Profiles

Fig. I shows a classical pH-solubility profile for a weakly acidic com-
pound, Flurbiprofen, with the two key regions marked as Region Iand I {2)
[16]. In Region I (pH< 7.3 in Fig. 1), the excess solid phase in equilibrium
with the saturated solution is the free acid. In Region !l (pH >7.3), the ex-
cess solid phase is the sodium salt. In Region I, the total sotubility is de-
scribed by the following equations:

S=[HA]+|A") ()
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K

S=8511+-2 (2)
"( [H*l)

where, § is the total solubility at any given pH, S, is the intrinsic solubility

of the free acid, {HA] and [A7] represent concentrations of the undissociated

and dissociated forms, respectively, in solution, and K, is the acid dissocia-

tion constant defined as

[H']-[A”]
K,= 3
[HA] (3
The (otal solubility in Region II is described by:;
(L Y e
S= [l + X, \/‘!KSP (4)
Ko=[Na"]-[A7] - (5

where, K is the solubility product of the salt.

For a weakly acidic compound at pH << pK|, (e.2., by 2 units), the sotubil-
ity is practically independent of pH and remains constant at ;. At pH>pK,,
the solubility increases exponentially with pH (i.e., log § increases linearly
with pH). At a certain pH value, the log-linear relationship of selubility with
pH abruptly ends, and the solubility plot enters Region Il. The pH value where
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Fig. |. pH-Solubility profile of a weakly acidic drug, Flurbiprofen, using NaCH (redrawn
from [2]}
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the two regions intersect is the pH of maximum solubility, referred to as
PH oy
Thus, two equations (Eqns. 2 and #) are required to describe the entire
pH-solubility profile of a mono-protic acid. The activity coefficients were as-
surned to equal unity in the above equilibria. Application of activity comrections
has been discussed in the literature [17-19]. lonic equilibria for polyprotic and
amphoteric compounds have been described by Peck and Bener [18].

Fig. 2 shows the more general features of pH-solubility behavior with
reference to a weakly basic compound, 4-{4-{(6-chloronaphthalen-2-yl)car-
bonyl}piperidin-1-y!}-1-(4-fluorophenyl)butan-!-one [19]. The solubility as
a function of pH, in the presence or absence of added NaCl, is shown in
Fig. 2. From left to right, the initial increase in solubility is due to a decrease
in the common-ion effect of [CI7]. The total chloride ion concentration is ap-
proximately equal to the concentration of the ionized species plus the hydro-
gen ion concentration. At higher pH values (|[H*] <«<{BH™]). there is a mini-
mal change in solubility with pH. However, a slight increase in selubility
leading up io the maximum is due to an increase in the uncharged species
concentration (see {20} for details). As the pH increases, a rapid decrease in
solubifity beyond the pH,,,, is due to a decrease in the extent of tonization.
At higher pH values (pH > pK,), the solubility is practically independent of
pH and remains constant at the intrinsic solubility of the base. The precise

- —
n £~
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o]

Solubility fmm]

pH

i iliry i ‘e weak!v basic drg, - [4-[(6-chlore pn-2-ylcarbonyt -
Fig. 2. pH=-Solubilit profile of a weakly basic drug, 4-{4-{(6 chloronaphithalen-2-y ]
pi;eridin- 1oyt ]-1-{4-floorophenyl)butan- [-one. with HCL Key: (O} no NaCl added: (@) 0.01m

T NaCl (0) 0.025M NaCl: () 0.05M NaCl (redrawn from | 19]).
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shape of a pH-solubility profile may vary depending on the relative extent
of these general features.

The common-ion effect of added NaCl on the solubility of the sait at
pH<pH,,, is significant in Fig. 2. In the gastro-intestinal tract, hydrochloride
salts are particularly sensitive to the common chloride ion effect. Any minor
differences in the solubitity at different salt concentrations at pH>pH,,,, in
Fig. 2 are due to the effects of activity coefficients.

2.3. pHmnx

Analogous to Egn. /1, the total solubility S of a weak base is the sum of
the concentrations of the unionized and the protonated fractions of a base:

§=|B]+[BH"] (6)

At pH,, . in the presence of excess solid, the solution is saturated with the
free base ([B] equals its intrinsic solubility S;,) and the salt form, and the fol-
lowing equations are simultaneously valid.

' H*

bi

K Y .
Sz[l+lHiJ\Kw (8)

Bogardus et al. [21] reported that the excess solid in equilibrium with the sat-
urated solution of doxyeycline at pH,,,, contained both the free base and the
hydrochleride salt phases. By setting § equal in Egns. 7 and 8. and solving
the resulting quadratic equation. these authors derived an expression for
pH, ¢ of a base.

So
PHux = PK; + log 9
A
The above eguation provides a quantitative means to understand the effect of
various parameters on pH,,,,.,. For a weakly basic compound. for example,

@) an increase in the pK, by one unit (i.e., the strength of the base increases)
fesuits in an increase of the pH,,,, by one unit;

) an order of magnitude increase in the intrinsic solubility of (he free base
increases the pH,,,,, by cne unit;

¢) an order of magnitude increase in the solubility of the sait (\/—k?r,) results
in a decrease in the pH,,,.x by one unit.

These effects are illustrated in Fig. 3.
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Fig. 3. Effect of relevant purameters on pH,,.: a) Effect of pK,,, b) effect of Sy, ¢) effect of K,

As noted by Bogardus and Blackwood [21], the salt and the free form
simultaneously exist in the solid state in equilibrium with the saturated solu-
tion as a thermodynamically invariant sysiem at pH=pH, ., as shown in the

Scheme.
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Scheme
B + H* + CF BH* + CF
(B):ohd (BH‘. ' CI_)SDIIG
pH > pH,, PH <pH,,,

When a small amount of [H'] is added to the system at pH,,,,,, the equi-
librium shifts to the right, and conversion of the free base to the salt occurs
along the equilibrium path shown. The reverse process occurs when a small
amount of alkali is added. Both the pH and solubility remain invariant until
one of the solid phases is completely converted to the other. The term ‘Gibbs’
buffer’ has been used to describe this phenomenon [15].

Streng et al. [19) reported a study where the pH—solubility profiles of ter-
fenadine were determined using different acids. The maximum solubility
(Smax) and pH, ., depended on the acid used for pH adjustment as shown in
Fig. 4. The dependence of S, on the counter-ion arises from the differences
in the solubility of different salts, i.e., the ion pairs forming a salt. The solu-
bility of a salt is affected by a number of factors including its melting point
and counter-ion hydrophobicity | 14]. Sometimes, a higher §,,,, with a par-
ticular counter-ion may be due to formation of a supersaturated solution as
discussed below.

Formation of metastable, supersaturated solutions near pH,,,, has been
observed in pH-solubility profiles |22 -26]. Fig. 5 shows a pH-solubility
profile where supersaturation near pH,,,, is seen [27]. Metastable ‘pseudo-
equilibrium’ solutions were formed only when the starting material used for
the phase solubility study was the free base. Such an inconsistency in the sol-
ubility behavior may result from ‘kinetic barriers’ (o phase transformation
where nucleation of one phase occurs more readily than that of the other. It
should be noted that the ‘solubility’ values in this region would not have a
true thermodynamic meaning. Fig. 6 shows the peculiar pH—solubility pro-
file of papaverine [25]. Self-association of solute molecules or the metastable
nature of the system due to inconsistent nucleation of the free base or the salt
may have resulted in such a profile. If supersaturation is suspected in deter-
mination of pH-solubility profiles, it may be prudent to ‘seed’ the system
with the expected salt form (or the free acid or base, as appropriate) to facil-
itate nucleation.

For practical purposes, pH,,,,, must be considered as a ‘range’ of pH over
which a change in the equilibrium solid phase occurs. Although the mathe-
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Fig. 6. pH-Solubility profile of papaverine nsing HCL The broken line shows the theoretical
solubility profile (redrawn from 1251,

matical formulation outlined in Egn. 9 is theoretically valid, experimental
realization of precise pH,,., may not be possible due 10 kinetic effects.
Carstensen |28] discussed the general features of the pH-solubility profile
of a divalent acid (H,A) and the poorly reproducible nature of the pH,,,, re-
gion.

2.4. Difficulties in Determination of Salt Solubility

In a lypical salt solubility experiment an amount of salt thought 1o be in
excess of its solubility imit ts equilibrated in H,O. and the supernatant is as-
suyed for drug content. The excess soiid, however, may not be the salt due
to the potential for its dissociation o the free form. In such a case the meas-
ured solubility does not represemt that of the salt | 2] | [4]. It is simply the sol-
ubility of the free form at that particular pH. The pH of the suspension de-
pends on the extent of conversion of the salt to the free form. The “apparent
solubility™, therefore. varies with the ratio of the total amount of solid to that
of the solvent used for the experiment until a critical ratio is reached, To en-
sure reliable measurement of salt solubility the solid phase must contain ex-
cess salt after equilibration. After isolation und air-drying of the excess solid
phase, thermal analysis provides a preliminary indication of phase transfor-
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mation. Further confirmation of the nature of the excess solid phase may be
obtained by powder X-ray diffractometry or elemental analysis. If the excess
solid phase is entirely in the free form, the experiment must be repeared with
a higher solid to solvent (H,O) ratio until the excess solid contains the salt.
In some cases, complete conversion of the salt 1o the free form may occur at
all solid-to-solution ratios, often leading to formation of a ‘gel’.

As a result of the above phenomenon, in some cases, an atlempt 1o make
a solution of a 1:1 salt at a concentration well below the solubility of the salt
(as estimated from the K, value) will be unsuccessful due to precipitation
of the free unionized form. To further develop this point Anderson and
Flora [2] defined the term ‘stoichiometric solubility’. The stoichiometric
solubility of a 1:1 salt is the concentration of salt which can be dissolved in
pure H,O with no formation of a precipitate of the unionized free form. The
authors pointed out that the difficulties of low ‘apparent solubility’ of a salt
due to free form precipitation may be encountered in the preclinical stages
of development when concentrated solutions in H,O are required for toxi-
cology testing. However, appropriate pH adjustment should overcome this
problem.

3. Dissolution Behavior of Acids, Bases, and Their Salts

The term dissolution refers to the overall process by which a solid com-
pound dissolves in a liquid medium, while dissolution rate is the kinetic de-
scriptor giving the rate at which the dissolution takes place. The concept of
solubility, on the other hand, implies that the process of dissolution has
reached equilibrium, and the solution is saturated. Dissolution rate of solids
is of paramount importance in the development of pharmaceutical products
and quality control. Sait formation is one of the most commonly employed
techniques to improve dissolution of weakly acidic or basic drugs.

A number of theories of the dissolution of solids have been proposed [17]
[29][30]. However, the simple diffusion model may be adequate to describe
the dissolution behavior of most pharmaceutical solids in aqueous and non-
aqueous media. The diffusion layer model (Fig. 7) assumes that a thin film
of saturated solution of concentration ¢, exists at the interface of the dissolv-
ing solid and the dissolution medium. The dissolution rate is controlied by
the diffusion rate of solute molecules from this thin saturated film into the
bulk solution. The concentration of the solute in the bulk is denoted by c,.
As the distance x increases from x =0 (at the surface of the solid) to x=~A (at
the beginning of the bulk solution), the concentration decreases from c=c,
to ¢ =cy,. Beyond x=h, the bulk concentration remains uniform at ¢, In the
simplest form of the theory, following Fick’s First Law, the rate of dissolu-
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Fig. 7. Diffusion laver model of drug dissolution

tion is given by:
dn D

PSR (10

where, J is flux which is defined as the amount m of material dissolved, and,
therefore, transported across the diffusion layer, in unit time per unit surface
area A of the dissolving solid. D is the diffusion coefficient (diffusivity) of
the solute. Egn. 10 is the Nernst-Brunner diffusion layer form of the Noyes-
Whitney equation [31). Under ‘sink’ conditions (¢, < 10% of ¢,) the equation
is reduced to:

D

J=—c,
i G (1D

3.1. Measurement of Dissolution Rate

The rate of dissolution of pharmaceutical solids is often determined by
one of two methods: /) powder dissolution or i) disc dissolution. The experi-
mental details of both methods have been well-described [32]. Because of the
complexities of determination of powder surface area, the disc dissolution
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method, which provides the intrinsic dissolution rate (IDR), is more com-
monly used. Briefly, discs are prepared by transferring ca. 100-500 mg
of powder into a die-hole and compressing at a pressure of 14—35 MPa
(20005000 psi). It is recommended that powder X-ray diffractometry or
spectroscopic and/or thermal analysis of the compressed solid be performed
to detect any physical transformations that may have occurred during com-
pression [33][34). The die-and-disc assembly is mounted on the rotatable
shaft of the dissolution apparatus. The IDR die is often described as the
‘Woods die’ [35]. Modifications of the method have been reported in [36]. A
rotation speed of 50 —200 rpm (8.3 -33.3 Hz) is usually employed. Laminar
flow conditions must be maintained in dissolution studies f171[37]. The hy-
drodynamics of the rotating disc method have been thoroughty discussed [17]
[38 —40]. A detailed account of the theoretical and practical aspects of drug
dissolution and its relevance to bioavailability and bioequivalence issues has
been presented by Abdou [41].

3.2. Dissolution into Reactive Media

The Noyes-Whitney equation (Nernst-Brunner form, Egn. 10) has been very
successful in quantifying the dissolution of solids into nonreactive media where
the diffusion coefficient does not change significantly, and the drug does not
undergo any chemical changes such as ionization, complexation, and degrada-
tion. Dissolution of acids, bases, or salts into buffered or unbuffered solutions,
on the other hand, is reactive if proton exchange reactions occur in solutions.
For dissolution of weak acids, bases, and their salts, the pH of the diffusion
layer is especially important. A number of models have been proposed to eval-
uate selt-buffering capacity of acids, bases, and salts in controlling the diffusion
layer pH (micro-environmental pH). The theoretical basis of the majority of
these models has been discussed by Granr and Higuchi [17).

A common assumption of most dissolution models is that the diffusion
layer theory is still applicable to reactive systems, and all acid-base proton
exchange reactions occur instantaneously. lonic equilibria are set up, and the
second order differential equations for Fick’s Second Law of diffusion are
solved with defined boundary conditions. Equations are derived for diffusion
layer pH and mass transfer rates in terms of independently measurable pa-
rameters such as diffusion coefficients, pK, values, and intrinsic solubility of
the dissolving species. The complexity and accuracy of the models depend
on the number of equilibria considered. The salient features of some of these
models along with their applications are presented below. In the following
discussion, the mathematical equations, which are often unwieldy, are pre-
sented to an exient only necessary to develop the practical implications of
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theoretical concepts. Reference is made Lo the appropriate sources from
which the exact equations can be obtained. However, if ionization 15 not in-
stantancous, as for carbon acids, such as phenylbutazone or 7-acetyltheophyl-
ling, rate equations for the relevant reaction enter into the differential equa-
tions represented by Fick’s Second Law of diffusion. These complexities are
noi considered here; they have been reviewed in []7].

Higuchi et al. [42] reported the simultaneous chemical reaction and dif-
fusion (SCRD) model for dissolution of benzoic acid into a basic solution.
The authors provided predictive equations for the intrinsic dissolution rate or
flux, J, of the acid in terms of fundamental parameters such as diffusion co-
efficients of reactants and products, the inirinsic solubility of the acid, the
strength of the base, and the apparent ionization constants. Higuchi et al, [43]
also reported an equation for the initial dissolution rate of sodium salt of a
weak acid dissolving in acidic medium.

By considering additional equilibria, Mooney et al. [44] extended the
SCRD model to dissolution kinetics of carboxylic acids into unbuffered me-
dia whose pH was controlled by a pH-stat. The authors presented an expres-
sion for the concentration of hydrogen ion at the surface of solid (x=0):

(DyTH* = Doy [OH ™ l)+ (D [H 1y = Doyt IOH™ 10>+ 4Dy K, (Do + Do K, [HATy)
= \
2Dy

[H*lo

(12)

where, the subscripts h and 0 indicate the bulk and surface concentrations,
respectively. D denotes the diffusion coefficient of the species indicated, the
experimental determination of which was detailed by the authors. K, is the
dissociation constant of the test acid, and [HA], is its intrinsic solubility. It
can be seen that, as K, and [HA], (bold faced) increase, the value of [H*],
increases, meaning that the micro-environmental pH becomes more acidic.
In other words, the self-buffering capacity of the dissolving acid increases
with its acid strength, K, and intrinsic solubility, but decreases with increas-
ing concentration of OH™ ion in the bulk solution, {OH™}. Fig. § shows the
agreement between the theoretically predicted and the experimentally deter-
mined micro-environmental pH (pH,} values for benzoic acid dissolving into
unbuifered medium. At very low bulk pH (pH 2), the self-buffering capacity
of benzoic acid is overcome by the bulk pH, so that the micro-environmen-
tal pH is almost equal to that of the bulk pH. In the pH range of 4—10, the
self-buffering action of benzoic acid was most significant, and the pH of the
diffusion layer remained fairly constant. At bulk pH greater than 10, the dif-
fusion layer pH showed a gradual increase.

Mooney et al. [44] extended the SCRD model and developed equations
to predict the initial dissolution rates of benzoic acid, 2-naphthoic acid, and
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PHpulk

Fig. 8. Experimenial and theoretical pHy values of benzoic acid for various bulk pH values,
The data points are pH values of unbuffered aqueous media in the presence of excess benzoic
acid; the solid line represenis the predicted values (redrawn from [24]).

indomethacin dissolving into unbuffered medta whose pH was controlled by
a pH-stal. The relative dissolution ratio, R, was defined as the ratio of the dis-
solution rate {f) at any pH to the rate (J,) at pH 2.0, where ionization was
suppressed and the free acid species was the only diffusant.

Rzi{ Dya [HAJy = Dy (1H* Jo = [H"]y) + Doyy IOH —IOH_Jo)J 3
}

Je Dya[HA,

Fig. 9 shows good agreement between the experimental flux and that predict-
ed by the extended SCRD model. The flat regions in the plots are the result
of self-buffering capacity of the acids. Benzoic acid, with highest acid dis-
sociation constant and intrinsic solubility, shows largest buffering-capacity.
These models were later extended to dissolution of carboxylic acids into buf-
fered systems [45]} [46]. In a buffered medium, the buffer capacity of the me-
dium influences the pH of the micro-environment of the solid. The higher the
buffer strength the ¢loser will be the surface pH to the bulk pH. The authors,
therefore, recommended that the exact buffer conditions be specified when
reporting dissolution rates.

Al-Janabi [47] reported on the prediction of intrinsic dissolution rates of
ephedrine and diproteverine hydrochloride. French and Mauger |48] devel-
oped equations for the diffusion layer pH and intrinsic dissolution rates of
mesalamine in a triprotic buffer systems. The authors discussed the relevance
of pH-dissolution profiles to development of a controlled release formula-
tion. The concept of micro-environmental pH has been utilized in a number
of additional reports to understand dissolution of pharmaceutical salts and
their behavior in formulations [9][26] [49-51].
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Fig. 9. Relative dissolution rate, R, vs. pHy,p,. for several carboxylic acids at 25°C, g =0.5m

(KCl) wsing a pH-star 10 maintain constart pHy,,. The solid lines are those predicted by the

equation and the data points ure those experimentally determined: J,, refers to the dissolution

rate at pH 2.00. y=0.5. (O) indomethacin: (@): 2-nuphthoic acid, and (D) benzoic acid
{redrawn from {44]).

The SCRD model and the Nernst-Brunner total solubility model assume
that mass transfer occurs primarily by diffusion. Mass transfer due to liquid
movement, or convection, is generally ignored. Models with increased com-
plexity that include both convective and diffusive transport have been report-
ed [52][53].

Bogardus and Blackwood [21][54] investigated the dissolution of doxycy-
cline free base and its hydrochtoride salt. At pH 4 (0.1m acetate buffer) and 7
(0.Im phosphate buffer}, the dissolution rate of the hydrochloride salt was sig-
nificantly higher than that of the free base. The dissolution rate of the hydro-
chlonde salt was, however, significantly Jower than the free base in 0.1M HCl
medium. This reduced dissolution rate was attributed to the common-ion effect
in chloride-containing media. In the micro-environment of the diffusion layer,
the free base did not readily convert to the HCI salt during the experimental
time scale and was not sensttive to the commen-ion effect of chloride,

Higuchi et al. }55] reported experimental dissolution profiles of 1,1-hexa-
methylene-p-tolylsulfonylsemicarbazide and its sodium salt, and those pre-
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dicted by SCRD model, When the bulk buffer concentration was kigh and the
pH was low, the dissolution from the salt was essentially equal to that of the
free acid due to formation of a coat of the free acid (acid-coat) on the sur-
face of the dissolving solid. At intermediate pH conditions a “stepwise’ dis-
solution occurred due (o the formation of an initial acid-coat followed by its
dissolution, and then the dissolution of the sodium salt before a second acid-
coat was formed. At higher pH conditions, no conversion to the free acid was
observed and the dissolution of the salt was faster. However, such stepwise
profiles are uncommon.

Serajuddin and Jarowski |24] reported the effect of diffusion layer pH on
the dissolution rate of theophylline, salicylic acid, and benzoic acid. The dis-
solution rate of sodium salicylate was significantly higher than that of sali-
cylic acid at all pHs investigated (pH 1.1, 2.1, and 7). The authors measured
the pH of the diffusion layer and showed that wide differences existed be-
tween the bulk pH and the diffusion layer pH. The dissolution data conformed
well to the Nernsr-Brunner form of the Noyes-Whimey equation (Egns. 10
and /1), when saturation solubility in the diffusion layer was used (for ¢ in
Egn. 11) rather than the solubility at the pH of the bulk solution. This result
foilows from the fact that the SCRD model and the total solubility model
would yield comparable results. when the diffusion coefficients of all dis-
solving or reacting species are set equai [43]. In most cases. the diffusion co-
efficients of the free form and its salt do not differ widely [42].

Serajuddin and Jarowski [24] pointed out that the above principles of dif-
fusion layer effects may be used for estimation of the dissolution rate of a
drug or its salt under various pH conditions. The flux, /|, in a particular bulk
medium under sink conditions is given by:
Jy= D-cypm

h
where, D and /1 have the conventional meaning, and ¢, ,_, is the saturation
solubility at the diffusion layer pH for the chosen dissolution medium (Me-
dium 1). The value of ¢, ,_, is approximated from the pH-solubility profile
with a knowledge of the diffusion layer pH. To measure the diffusion layer
pH, a small volume of the dissolution medium is added to a large excess of
the solid, mixed on a vortex, and the pH is measured by a pH electrode. Al-
ternatively. a micro-electrode may be inserted directly into the dissolution
medium |36]. Assuming that D and / are unchanged under identical hydro-
dynamic conditions, the flux, /-, in a second medium (Medium 2) is:

(14)

D¢, gon
Jzz_.i".‘.’_- (15)
h
S - Co0-1 (16)
Sy Cpa
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Thus, with a knowledge of Jy, ¢, 5 and ¢ _,, the value of J, may be esti-
mated. Although deviations from these predictions may be cbserved in prac-
tice, this method may be of value when only limited amounts of drug sub-
stance are available,

4. Relevance of pH Relations of Solubility and Dissolution
to Salt Selection and Formulation

4.1. Solution Formulations

For formulation of a stable solution dosage form (oral or parenteral), the
equilibrium solubility is more important rather than the rate of dissolution.
‘In-situ’ salt formation with the free form and an appropriate counter-ion to
adjust pH may provide the same advantage as using a salt. A preliminary in-
vestigation of pH-solubility profile with different counter-ions provides an
indication of the counter-ion best suited to maximize solubility (or optimize
pH) as illustrated in Fig. 4. Further utilization of this principle was reported
by Marru-Feil and Anderson |56]. The authors demonstrated that multiple
counter-ions, added in predetermined amounts s¢ as not to exceed the solu-
bility product (K;) of any salt, provided significantly higher solubility than
any single counter-ion. The relevance of pH,,,, to solution formuiations with
acceptable pH for intravencus administration has been reported [20]. If pH
adjustment alone does not provide sufficient solubility enhancement, combi-
nation approaches such as addition of a co-solvent along with pH adjustment
may be used [20] [57]. The equilibrium solubility of a salt and its free form
are expected to be the same under identical conditions of pH, counter-ion,
and ionic strength. However, salt forms may still be considered for liquid for-
mulations for processing convenience such as rapid dissolution. Additional
factors that may influence the choice of the final form include crystallinity
and solid state stability and will be discussed in detail in Chapt. 6.

4.2. Solid Formulations

The equilibrium solubility and the rate of dissolution are equally impor-
tant for salt forms intended for oral dosage forms. While a detailed account
of salt selection strategies is outlined in Chapt. 6, a brief discussion of
pH-solubility principles related to salt selection will be presented here.

Biopharmaceutical evaluation in the early development stage can identi-
fy if drug absorption is dissolution-rate-limited. As a first step in evaluating
salt formation to improve dissolution rate, the pH-solubility behavior is in-
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vestigated using pure, crystalline, well-characterized acid, base, or a salt
form. Generally speaking, pH—solubility profiles generated using a free form
or its sall are comparable, if not identical, when the same acid or base is used
for pH adjustment in both cases. Examples of this observation and deviations
thereof have been discussed by Ledwidge and Corrigan {27).

In determining agueous solubility of salts, the possible effect of solid to
solvent ratio on solubility must be kept in mind. It is beneficial te understand
the factors that effect aqueous solubility of salt forms, although attempts to
predict salt solubility have not been fully successful except for establishing
general trends [14][58].

Comparison of the aqueous solubility of various salts with the free form
alone may not provide an indication of which form would resuft in optimal
dissolution behavior. The dissolution of a salt can be equal, higher, or lower
than that of the free form depending on the micro-environmental pH at the
surface of the dissolving solid. Attempts have been made by several workers
to use intrinsic dissolution rates at multiple pH conditions to evaluate rela-
tive performance of salts and free forms. If buffer solutions are used, the buf-
fer strength and composition must be chosen with due consideration 1o phys-
iological conditions because the diffusion layer pH depends on the strength
of the buffer among other factors [44]. It is advisable to include simulated
gastric and intestinal fluids described in the U.S.P. or in [59] as dissolution
test media.

Although intrinsic dissolution rate studies are frequently used as one of
the criteria for salt selection, it has been reported that disc dissolution rates
may tend to exaggerate the real differences in the dissolution rates that would
be obtained from capsule formulations [9]. Powder dissolution may be valu-
able but lack of reliable particle size or surface area in the early development
phase may limit extensive powder dissolution studies.

The relative superiority of a single salt or the free form may not always
be obvious from the results of intrinsic dissolution rates, because of the dif-
ferences in the seif-buffering capacity of the salt and the free form. This is
illustrated in Fig. /0 where the relative performance of the free form or the
salt depended on the pH. In such cases, a judicious choice of the final form
is required based on a balance of physiological {e.g., pH of the gastro-in-
testinal tract) and physico-chemical (e.g., pK,, pH,.x) factors. In-vive bio-
availability studies in animals using the free form and carefully character-
ized salt forms can guide the final form selection [60]. The complex nature
of physiological variables may not always allow prediction of the relative
in-vivo performance of a salt form and its free form [61][62]. However, a
careful physico-chemical characterization of salt forms prior to in-vive test-
ing provides a rational basis for selection and minimizes the number of
in-vivo trials.
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Fig. 10. Intrinsic dissolution rate of bupivacaine and its hydrochloride salt as a function pH
of the dissolution medium. The faster dissolution of the salt at pH values greater than 1 is due
(o greater self-buffering capacity (redrawn from [26])

In addition to general solubility characteristics, a pH-solubility profile
(e.g., pH,,.x) 2lso provides insight into potential conversion of a weak salt to
the free form upon formulation or storage. For example, when the micro-
environmental pH of a salt of a weakly acidic drug is less than the pH,,,,,, con-
version of the salt to the free acid may occur upon storage or formulation [63].
The influence of pH,,,, on salt stability is further discussed in Chapt. 6.

5. Non-Ideal Solubility Behavior

Deviations have been observed from Henderson-Hasselbalch equation
due to self-association of solute molecules. Self-association of solute mole-
cules can effect the apparent pK,, and solubility. Bogardus and Blackwoeod re-
ported on the non-ideal solubility behavior of doxycycline in aqueous solu-
tions {21). Surakitbanharn et ol. described the solution equilibria of a self-
associating drug, dexverapamil [64). Ledwidge and Corrigan [27] reported
an interesting observation of non-ideality in the pH—solubility profile of di-
clofenac. The solid form in equilibrium with diclofenac N-(2-hydroxyethyl)-
pyrrolidine (HEP) aqueous solution (pH > pH,,.,) was diclofenac HEP dihy-
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drate in agreement with theory. Lowering the suspension pH with HCI caused
conversion of the HEP salt to the free acid below the pH,,, (ca. 8.9) and a
reduction in solubility. Adjusting the pH of the suspension with HEP, howev-
er, resulted in a sharp deviation of solubility from the theoretical pH-solu-
bility profile. Analysis of the solid phase at pH 8.05 (less than the pH,,,,, 8.9)
showed conversion of the solid phase to a monohydrate form of crystailine
{diclofenac), - HEP (2:] salt). Under normal conditions, the expected solid
phase would be the free acid. While a complete discussion of non-idealities
in pH-solublity behavior is beyond the scope of this chapter, the above ex-
amples are provided to illustrate the complexities one may encounter with
pharmaceutical acids, bases, and their salts.
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EPO - Munich
MERCK & CO., Ix~c. 36

Rahway New Jersey USA

21, Feb. 2007

European Patent Department Please Reply to:
Hertford Road
Hoddesdon
Hertfordshire
EN119BU

19 )
]/; February 2007 . United Kingdom
Tel.: 01992 452872

Fax: 01992 440212
jecelyn_man@merck com

QOur ref: 21409Y

European Patent Office,
Erhardstrasse 27,
D-80298 Munich 2,
GERMANY

Dear Sirs,

European Patent Application No. 04755691.5 - 2117
in the name of Merck & Co., Inc.

I am writing in response to the Communication pursuant to Article 96(2) EPC dated 28
November 2006, the term for response having been extended by the communication dated 28
December 2006.

Amendment: Asticle 123(2) EPC
Please find enclosed a new set of Claims 1 to 22 to replace the claims currently on file. For
the convenience of the Examiner, a manuscript-amended set of claims is also enclosed.

Specifically, Claims 8, 11, 14-17, 24 and 29 have been deleted. The remaining claims have
been renumbered accordingly. Also, references to the "monohydrate" in former Claims 5-7,
9, 10, 12 and 13 (new Claims 5 to 11 respectively) have been amended to refer to the "salt”.
Furthermore, former Claim 18 and dependent Claims 19 to 23 (new Claims 12 to 17
respectively) have been reformatted to refer to "a drug substance" that comprises the
crystalline monohydrate of Claim 4. Finally, former Claim 25 (new Claim 18) has been
amended to delete the term "prophylactically”.

As requested by the Examiner, documents D2 and D3 have been identified and briefly
discussed in the background of the description. Also, the description has been amended to
conform with the new set of claims enclosed herewith. Manuscript-amended pages 1, 5, 6
and 9 are enclosed herewith,

It is submitted that the amendments made herein are fully in accordance with the requirements
of Article 123(2) EPC.

Inventive step: Article 56 EPC
Document D1 (WO 03/004498) teaches the hydrochloride salt of Compound A, whereas
the instant application discloses the dihydrogenphosphate salt of Compound A:
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The dihydrogenphosphate salt of Compound A has remarkable advantages over the
hydrochloride salt with respect to chemical stability. The pH-rate profile for the degradation of
Compound A was determined in solution at 40 °C and indicated maximum stability at around
pH 4 as shown in the figure below. Degradation is acid-catalysed at pH lower than 4 (primarily
hydrolysis observed as shown in Scheme 1) and both, thermal and base-catalysed degradation at
pH above 4 (hydrolysis and deamination observed as shown in Scheme 1).

Rate of Degradation of Compound A versus pH at 40°C

2.250
2.750
-3.250 -
-3.750 -
-4.250 - ~

-4.750 l <.
-5.250 .
-5.750

log k{obs)

The native pH of the dihydrogenphosphate salt in aqueous solution is approximately 4.5.
However, the native pH of the hydrochloride salt is approximately 3.2. As seen from the rate
of degradation vs. pH figure above, the dihydrogenphosphate salt of the instant invention
possesses superior properties over the hydrochloride salt with respect to chemical stability.
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Main Degradation Pathways for Compound A

Scheme 1
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Compound A is a stable and highly soluble crystalline solid. The crystalline free base and
various salts of Compound A were evaluated as possible candidates for clinical development.
The formulation design effectively sought to maintain the amino group in the protonated state
to minimise the reactivity of the molecule. The dihydrogenphosphate salt was selected over
the other salts based on a combination of factors, particularly in view of the observation above
that it was the most stable in aqueous solution. The native pH of the dihydrogenphosphate
salt in aqueous solution is approximately 4.5, which is close to the pH of maximum stability
as shown in the figure above. The pKa of Compound A was determined to be 7.7. Both the
anhydrous dihydrogenphosphate and monohydrate dihydrogenphosphate salt forms were
evaluated during development. Selection of the final dihydrogenphosphate salt form
considered both physicochemical properties and performance in the formulation. The
thermodynamically and chemically more stable monohydrate form of the
dihydrogenphosphate salt also provided superior performance over the anhydrous
dihydrogenphosphate in the direct compression tablet formulation.

The Applicant therefore submits the claimed subject-matter is inventive and fully meets the
requirements of Article 56 EPC.

It is believed that the application is now in order for allowance and the Applicant looks
forward to receipt of the Rule 51(4) EPC communication in due course. However, should the
Examiner have any further objections, a further written communication is respectfully
requested. In the unlikely event the Examiner is minded to reject the present application,
merely as a precaution, Oral Proceedings under Article 116 EPC are hereby requested.
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Kindly acknowledge receipt of this letter and its enclosures by stamping and returming the

enclosed Form 1037.

Yours faithfully,

Frecl Ao

Jocelyn Man
Authorised Representative

Merck Exhibit 2225, Page 324
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
IPR2020-00040



EXHIBIT O

Merck Exhibit 2225, Page 325
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.
IPR2020-00040



“4 " Sitagliptin 15 basé and ¢an form $Alis With various crpanic and inorganic acids. Clinical ™~

e

DECLARATICN
1, Robert M. Wenslow, Jr., Ph.D., hereby swear:

1. Iam currently an Associate Scientific Director in the Center for Materials Science and
Engineering of the Merck Manufacturing Division of Merck & Co., Inc.. I have been in this
position since 2005. I received a Ph. D. degree in Analytical Chemistry from the Pennsylvania
State University in 1997. [ am an author or co-author on over 20 publications, patents, and
presentations in the field of chemistry.

2. ] am a co-inventor on European patent 1654263. I understand that this patent has been opposed
by Teva Pharmaceutical Industries Ltd, and I already provided a written declaration (dated
January 23rd, 2009) for use in defending the patent against the opposition. [ understand that this
new declaration wall also be filed as evidence for use in the defense.

3. Various experiments concerning different chemical and physical forms of sitagliptin [(2R)-4-
oxo-4-[3-(triflvoromethyl)-5,6-dibydro[ 1,2,4]triazolo[4,3-alpyrazin-7(8 -y1]- 1-(2,4,5-
trifluorophenyl)butan-2-amine] have been performed either by me or under my direction. This
declaration gives details of such experiments.

development of sitagliptin has focused on the dihydrogenphosphate salt (referred to hereafter
simply as the “phosphate” salt), This salt has been shown to have various advantages when
compared to other salts (e.g. the hydrochloride self). These advantages are seen with both
arorphous and crystalline forms of the phosphate salt but are more apparent in the crystalline
form. The phosphate salt’s advantages in the crystalline form are seen both with anhydrous and
monohydrate salts but are more apparent in the crystallitie monohydrate form,

5. The anhydrous crystalline phosphate salts are chemically and physically stable. Details of these
anhydrous salts can be seen, for example, in W02005/020920 (another patent epplication for
which I am a co-inventor). For instance, we have studied the solid-state stability of the
anhydrous phosphate salt. The results in Annexe A show that this salt is stable for at least 36
months at 25°C.

6. The crystalline monohydrate phosphate salt is also chemically and physically stzble. For
instance, we have compared the solid-state stability of the crystalline monohydrate pbosphate
saltto the amorphous hydrochloride (HCI) salt. The results in Annexe B show that the
crystalline phosphate monohydrate salt is more suitable for pharmaceutical development into a
stable drug product for therapeutic use. Its greater chemical stability reduces development costs
by allowing for less stringent storage conditions for bulk materal. Furthermore, it makes
sitagliptin more amenable to formulation of a robust, chemically stable drug product and
provides increased flexibility in formulation development es it does not require stabilization of
the active ingredient from degradation.

7. An amorphous non-crystalline form of the phosphate salt has also been tested. Details of the
amorphous phosphate salt can be seen, for example, in WO2006/033848 (another patent
application for which I am a co-inventor). We have found that the amorphous phosphate salt is
thermodynamicaliy less stable than the crystalline monohydrate salt

1/49
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8. Inaddition to studying hydrated phosphate salts we have also tested crystalline forms with other
solvents e.g. ethanol and isopropy! alcohol, Such solvates are disclosed in W02005/020920. In
practice these solvates have been very difficult to isolate and maintain. For instance, they
readily lose solvent at ambient conditions and convert to an undefined mixture of anhydrous
crystal forms.

9. We have also tested other salts of sitagliptin. These results were publicly presented at the
“Polymorphism & Crystellization Forum 2003” in Philadelphia, PA, in November 2003
(Annexe C). As shown in the presentation, the phosphate was superior in several respects. Other
salts, such as the tartarate (called “Salt A” in Annexe C), were very poor in terms of both
chemical stability and their physical suitability for pharmaceutical use.

10. I also reiterate the points from my January declaration. In brief, the amorphous hydrochloride
salt of sitagliptin was tested but rejected for pharmaceutical development due to inter alia its
hygroscopic and morphological properties. In contrast, the crystalline phosphate salt phases of
sitagliptin are non-hygroscopic and are also highly and stably crystalline. Among the crystalline
formns of the phosphate salt the monohydrate form is thermodynamically superior to the
anhydrous form.

o L1 IN addition, we have also.tested the free base form of sitagliptin.. At room. temperature. the Water. . o ot

solubility of the free base form is about 10 times lower than for the phosphate salt (~7mg/ml,
compared to >70mg/ml). Bulk crystalline free base degrades by thermal de-amination afier 2
weeks st 80°C (accelerated degradation studies) and hydrolysis of the amide bond is observed in
solution at all pHs even under relatively mild conditions (25°C). Solutions of the free base also
undergo de-amination at elevated temperature. Thus the free base form was not suitable for
pharmaceutical development.

12. Finally, I have been given a copy of a document which is labelled “BM 2” from the Opposition,
It shows a graph of the predicted degradation rates of sitegliptin salts at different pH values.
Data for two different salts are shown as dotted or dashed lines. ] understand that the opponent
has used this graph to argue that the degradation rate of the hydrochloride salt at pH 3.2 is the
same as the degradation rate of the phosphate salt at pH 4.5. The opponent’s view is wrong. The
vertical axis in this graph is logarithmic and so a small difference on this scale can mean a large
difference in absolute stability. The opponent argues that the graph shows no difference in
stability but, in fact, the phosphate salt is about 3-fold more stable. Even so, for solid
pharmaceutical formulation it is more important to consider a salt’s stability in the solid phase,
rather than in solution, and by this measure the phosphate salt is much more stable than the
hydrochloride salt.

I declare that all staterments rnade herein of my own knowledge are true and that all statements
made on information and belief are believed to be frue; and that these stetements were made with
the kmowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code.

SIGNED: § An W At .

Robert M,Wenslow, Ir,
DATE: 2! fec 3009
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ANNEXE A: Solid-state stability of the anhydrous crystalline phosphate salt.

Sample Preparation

The anhydrous crystailine phosphate salt of sitagliptin was prepared as described in Example 1 of
W02005/020920.

Stability

To measure stability of the anhydrous phosphate salt, several glass vials each containing about 5 mg
of solid were placed in & stability chamber at either (i) 25°C and 60% relative humidity or (ii) 40°C
and 75% relative humidity.

Samples were removed from the chamber at various time points and were stored at -20°C until
analyzed by HPLC for degradation. For this chromatographic analysis the samples were dissolved
in 1:1 acetonitrile-water and HPLC conditions were as follows.

Cohumn Eclipse Plus C18 (50 x 4.6 mm) 1.8 pm
Mobile Phase pH=2.0 (A)=0.1 % H;PO/H;0

(B) = acetonitrile
Linear gradient 10-90% B
Flow rate 1.5 mL/min ) .
Gradient Time 15 min (+ 2 min re-equilibration)
Temperature 40°C
Injection volume 10 pL
Sample concentration | -0.5 mg/mL solution
Wavelength 250 nm

Stability data for the anhydrous phosphate salt was as follows:

Storage time I HPLC assay (%)* |  Degradate area (%)*

25°C and 60% RH

Time 0 99,63 0.32

3 months . 99.68 0.26

6 months 99.67 025

9 months 99.67 0.30

12 months 99.72 0.26

18 months 99.68 0.29

24 months 99.70 0.25

36 months 99.63 0.27
40°C and 75% RH

Time 0 99.63 0.32

1 month 99.70 0.26

2 months 99.69 0.26

3 months 99.68 0.26

6 months 99.67 0.26

* error is +0.05%

Thus the anhydrous crystalline salt is stable for at least 6 months at 40°C and 75% relative
humidity, and for at least 3 years at 25°C and 60% relative humidity.
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ANNEXE B: A comparison of the solid-state stability of the crystalline monohydrate phosphate
salt and the amorphous hydrochloride salt of sitagliptin,

Sample Preparation

The amorphous HC! salt of sitagliptin was prepared by precipitation. Four lots of the crystalline
phosphate monohydrate were prepared by a seeded crystallization in IPA/water as described in the
patent.

Stability
To measure stability of the amorphous HCl sait, several glass vials each containing about 5 mg of

solid were placed in a stability chamber at 40°C and 75% relative humidity. These are standard
industry conditions for accelerated small-scale stability testing of drug substances.

Crystalline phosphate monohydrate stability date were obtained from samples {four lots) packaged
in a plastic bag and placed in a fiber drum which was placed in the stability chamber under the same
conditions. This was done in accordance with International Conference on Harmonisation (ICH)
guidelines for larpe-scale stability testing. These stability data were used in the WMA.

Samples were removed from the chamber after 6 months and were stored at -20°C until analyzed by
HPLC for degradation. For this chromatographic analysis the samples were dissolved jm1:1

acetonitriie-water and HPLC conditions Were as described in Annexe A,

Stability data for the HCI and phosphate salts were as follows:

Salt form HPLC assay (%)* Degradate area (%)*
Amorphous HC} 99.2 0.8
Crystalline phosphate, lot 1 99.7 <0.05
Crystalline phosphate, lot 2 100.0 <0.05
Crystalline phosphate, lot 3 99.8 <0.05
Crystalline phosphate, lot 4 99.9 <0.05

* error i1s £0.05%

Thus four different lots of the crystalline phosphate salt wers stable from degradation for at least up
to 6 months at 40°C/75% RH, whereas the amorphous HC1 salt showed significant degradation
under these storage conditions. Based on these results, the crystalline phosphate salt was preferred
over the amorphous HCI salt from the standpoint of chemical stability for firther development into
a drug product.

4/49
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Kinetics of Water Loss for Monohydrate

Isothermal TG N, Flow
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DISSOCIATION CONSTANTS OF !NORGAN!C ACIDS AND BASES (continued)

Name Formula Step o4 pK,
Hypochlorous acid HCIO . 25 7.40
Hypoiodous acid HIO 25 105
Todic acid HIO, 5 0.78
Lithium ion Li* 25 138
Magnesium(1l) ion Mg+ 25 114
Nitrous acid HNO, 25 3.25
Perchloric acid HCIO, 20 -1.6
Periodic acid ' HIO, 25 1.64
Phosphoric acid H;PO, 1 25 2.16

2 25 121
. 3 25 1232
Phosphorous acid HyPO, 1 20 1.3
2 20 6.70
Pyrophosphoric acid H,P,O, 1 25 091
: 2 25 2.10
3 25 6.70
4 25 9.32
Selenic acid H,8:0, 2 25 17
Selenious acid H,8¢:0, 1 25 262
2 25 8.32
Silicic acid H,Si0, 1. 30 9.9
2 30 118
3 30. 12
4 - 30 12
Sodium ion Na* 25 14.8
Strontiom(iD) jon S 25 132
Sulfamic acid NH,50,H 25 1.05
Sulfuric acid . H,S0, 2 25 1.95
Sulfurous acid H,S0, 1 25 1.85
2 25 72
Telluric acid H,;TeO, 1 18 7.68
2 18 1.0
Tellurous acid H,TeO, 1 25 6.27
2 25 343
Tetraflaoroboric acid HBF; 25 - 05
Thiocyanic acid HSCN 25 -1.8
Water H;0 25 13.995
8-45
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Organic Process Research & Development 2000, 4, 427-435

Salt Selection and Optimisation Procedures for Pharmaceutical New Chemical

Entities

Richard J. Bastin," Michael J. Bowker,*!$ and Bryan J. Slater

Preformulation Department, Pharmaceutical Sciences, Aventis Pharma, Dagenham Research Centre (DRC), Rainham
Road South, Dagenham, Essex RM10 7XS, UK, and World-Wide Physical Chemistry Department, Discovery Chemistry,
Aventis Pharma, Dagenham Research Centre (DRC), Rainham Road South, Dagenham, Essex RM10 7XS, UK

Abstract:

Selection of an appropriate sait form for a new chemieal entity
provides the pharmaceutical chemist and formulation scientist
with the opportunity to modify the characteristics of the
potential drug substance and to permit the development of
dosage forms with geod bioavailability, stability, manufactur-
ability, and patient compliance. Salts are most commonly
employed for modifying aqueous solubility, however the salt
form selected will influence a range of other properties such as
melting point, hygroscopicity, chemical stability, dissolution
rate, solation pH, crystal form, and mechanical properties.
Where possible, a range of salts should be prepared for each
new substance and their properties compared during a suitable
preformulation pregram, Since it is normally possible to fully
develop only one salt form, its properties should be appropriate
to the primary route of administration and dosage form. An
understanding of the influence of drug and salt properties on
the finished product is essential to ensure selection of the best
salt, The drug properties required for one dosage form may
be quite different from those required for another. A well
designed salt selection and optimisation study provides a sound
base on which to build a rapid and economic product develop-
ment programme.

Introduction

Modern drug discovery processes involve the screening
of vast numbers of compounds that may have been made by
the Company’s research laboratories over many years. Added
to these may be the many thousands of compounds that have
been manufactured as libraries of structurally related series
by “combinatorial chemistry” techniques. All of these
compounds are generally dissolved in dimethylsulphoxide
(DMSO) solution and screened in an enzyme- or receptor-
based assay system. If the number of “hits” produced is large,
the numbers are usually refined by forther screening and
selection until a manageable number of “leads” is available.
Many of these leads will show only weak or moderate
activity and further refinement and optimisation is invariably
necessary. These optimisation procedures usually involve
numerous structural modifications, aided by computational
techniques, until a small number (usually 1—5) of highly
active “candidates” remain.

* To whom correspondence should be sent.

* Preformulation Department, Pharmaceutical Sciences.

* World-Wide Physical Chemistry Department, Discovery Chemistry.

¥ Current address: M. J. Bowker Consulting Ltd., 36, Burses Way, Hutton,
Brentwood, Essex CM13 2PS, UK

10.1021/ep000018u CCC: $19.00 © 2000 American Chemical Seciety and The Royal Society of Chemisry

Published on Web 07/19/2000

These candidates are usually free bases, free acids, or
neutral molecules, rather than their salts. Also, because of
the generally higher molecular weights of modern drug
substances and the increased use of DMSO solutions in the
screening processes, it is becoming apparent that there is a
tendency towards ever more lipophilic candidates being
presented. Frequently, when first proposed as potential
development candidates, they are often amorphous or
partially crystalline as little effort has been made to
investigate formal crystallisation procedures. The need for
water-soluble candidates has been recognised!™ for many
years before the advent of ‘combinatorial chemistry.

Investigations into the Possibilities of Salt Formation
When first presented for initial preformulation investiga-
tions, normally the amount of drug substance available from
Discovery Chemistry rarely exceeds 1 g. To maximize the
amount of data gained from such small quantities, semi-micro
techniques have been developed and are used regularly within
our groups. Invariably, the first information generated for
each candidate is the calculated pX, value of each ionisable
group in the molecule.>® This is quickly checked against
the value determined experimentally on 1—2 mg of sample
by potentiometric titration (e.g., Sirius Model GLpKa ap-
paratus, Sirius Analytical Instruments Ltd.). Knowledge of
the pK, value enables potential salt forming agents (coun-
terions) to be selected, for each candidate, based on lists that
are available in the literature.2*~! For the formaticn of a
stable salt, it is widely accepted that there should be a
minimum difference of about 3 units between the pK, value

(1) Hirsch, C. A.; Messenger, R. J; Brannon, J. L. J. Pharm. Sci. 1978, 67,
231.

(2) Gould, P. L. /nt. J. Pharm. 1986, 33, 201.

(3) Mouis, K. R.; Fakes, M. G; Thakur, A. B.; Newman, A, W ; Singh, A.
K.; Venit, J. ).; Spagnuolo, C. J.; Serajuddin, A. T. M. Inz. J. Pharm. 1994,
105, 201.

(4} Anderson, B. D.; Flora, K. P. In The Practice of Medicinal Chemistry;
Wermuth, C. G., Ed.; Academic Press Ltd., 1996; Chapter 34.

(5) Remington: The Science and Practice of Pharmacy, 19th ed.; Gennaro,
A. R., Ed.; Mack Publishing Ce.: Easton, Pennsylvania, 1993; Vol. II, p
1456.

(6) Hammett, L. P. Chem. Rev. 1935, 17, 125.

(7) Pemn, D. D.; Dempsey, B.; Serjeant, E. P. pX, Prediction for Organic
Acids and Bases; Chapman and Hall: London, 1981.

(8) Albert, A. A.; Serjeant, E. P. Jonization Constants of Acids and Bases;
Wiley: New York, 1984,

(9) Wells, ). L Pharmaceutical Preformulation, 2nd ed.; Ellis Horwood:
Chichester, 1993; p 29.

{10} Martindale, W. In The Extra Pharmacopoeia, 30th ed.; Reynolds, 1. E. F.,
Ed.; The Pharmaceutical Press: London, 1893,

(11) Berge, S. M,; Bighley, L. D.; Monkhouse, D. C. J. Pharm. Sci. 1977, 66,
1.
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Tabile 1. Classification of comnmon pharmaceutical salts

salt class

examples

Anions

inorganic acids
sulfonic acids
carboxylic acids
anionic amino acids
hydroxyacids

fatty acids
insoluble salts

glutamate, aspartate

hydrochloride, hydrobromide, sulfate, nitrate, phosphate
mesylate,? esylate,” isethionate? tosylate,” napsylate/ besylates
acetate, propionate, maleate, benzoate, salicylate, fumarate

Citrate, lactate, succinate, tartrate, glycollate
hexanoate, octanoate, decanoate, oleate, stearate
pamoate (embonate), polystyrene sulfonate (resinate)

Cations

organic amines
insoluble salts
metallic

cationic amino acids

procaine, benzathine

triethylamine, ethanolamine, triethanolamine, meglumine, ethylenediamine, choline

sodium, potassium, calcium, magnesium, zinc
arginine, lysine, histidine

< Based on data from various sources®~! » Methane sulfonate. ¢ Ethane sulfonate. ¢ 2-Hydroxyethane sulfonate. ¢ Toluene sulfonate.  Naphthalene sulfonate. £ Benzene

sulfonate.

of the group and that of its counterion, especially when the
drug substance is a particularly weak acid or base. Occasion-
ally, exceptions may be found where a salt has an acceptable
stability, despite there being a smaller difference in the pK,
values.

A microplate technique has been developed for the
screening of salts; this involves dissolving approximately 50
mg of sample in a suitable, volatile solvent and adding a
fixed volume of this solution, containing about 0.5 mg of
sample, into each microplate well. Concentrated solutions
of each potential counterion in equimolar proportion, or other
appropriate stoichiometric ratio, are prepared and a few
microlitres of each is added sequentially to each well. Thus,
all of the wells in line 1 (x—direction) will contain the same
combination of sample and counterion 1; all of the wells in
line 2 contain the same combination of sample and counte-
rion 2, etc. Different, potential crystallising solvents can be
investigated methodically in the y—direction. The wells are
inspected using an inverted microscope (Leica, Model
DMIRB) at regular intervals for the appearance of crystals.
Occasionally, crystallisation can be promoted by evaporation
of any excess solvent in some wells using a slow stream of
dry nitrogen gas.

Once the combinations of counterion and solvent(s) are
identified, studies at a slightly larger scale (usually 10—50
mg, occasionally up to 500 mg) can be initiated to confirm
the suitability and viability of the crystals. These studies can
help identify problems with low melting points, determined
by hot-stage microscopy, and hygroscopicity, if processed
on a suitable apparatus (e.g., Dynamic Vapour Sorption
Analyser, model DVS-1, Surface Measurement Systems
Ltd.). Frequently these studies can also give preliminary
information on the existence of solvates and hydrates,
especially if differential scanning calorimetry (DSC, Mettler
Toledo DSC, model 820), thermal gravimetric analysis
(TGA, Mettler Tolede TGA, model 850) and hot-stage
microscopy are also used in the evaluation process.

In parallel with these studies, a preliminary high perfor-
mance liquid chromatographic (HPLC) method is quickly
developed to give an estimate of the purity of the sample,
whilst infrared and other spectroscopic techniques may be

428 Vol 4 No. 5 2000 / Organic Process Research & Development

used to define the salt and the stoichiometry. Knowledge of
the approximate purity is important at this stage as the
presence of high levels of some impurities can often hinder
crystallisation or alter the polymorphic form obtained.

Therefore, from these preliminary, small-scale studies, a
range of potential salt formers and recrysallisation solvents
can be quickly identified. Following further scale-up to gram
quantities, more comprehensive data can be obtained to
evaluate their suitability for use in formulations.

Choice of the Salt Former

Although the choice of salt is governed largely by the
acidity or basicity of the ionisable group, safety of the
counterion, drug indications, route of administration and the
intended dosage form must also be considered. Toxicological
and pharmacological implications of the selected salt former
must be considered as well as the effects of the parent drug.
Salt formers can be subdivided into a number of categories,
depending upon their functionality and purpose. Some of the
most frequently used examples are listed in Table 1.

The vast majority of salts are developed to enhance the
aqueous solubility of drug substances. For weakly basic drug
substances, salts of an inorganic acid (e.g., hydrochloride,
sulphate, or phosphate), a sulphonic acid (mesylate or
isethionate), a carboxylic acid (acetate, maleate or fumarate),
a hydroxyacid (citrate or tartrate), or possibly an amino acid
(arginine or lysine) could be considered. Hydrochloride salts
have often been the first choice for weakly basic drugs, since
as a consequence of the low counterion pX,, salts can nearly
always be formed, and recrystallisation from organic solvents
is normally straightforward. However, the potential disad-
vantages of hydrochloride salts may include unacceptably
high acidity in formulations (e.g., parenteral products), the
risk of corrosion, less than optimal solubility due to the risk
of salting out and the potential for poor stability if the drug
is acid labile and hygroscopic.?

Occasionally, salts may be also prepared to decrease drug
substance solubility for use in suspension formulations where
very low solubility is necessary to prevent “Ostwald ripen-
ing”, for taste-masking, or to prepare an extended release
product. Embonate salts have been used in suspension
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Table 2. ¢ Preformulation studies that are normally considered for comparison of salt forms and parent compound for oral

dosage forms

test

suitable techniques

comments

dissociation constant and
basic physico—chemical
properties

melting point

aqueous solubility

pH of solution

cosolvent solubility

common ion effect on solubility

hygroscopicity

intrinsic dissolution rate

crystal shape and appearance

potentiometry, solubility,
UV spectroscopy

capillary m.pt., hot stage microscopy,
differential scanning calorimetry
overnight equilibration at 25 °C; analysis
by UV spectroscopy or HPLC

overnight equilibration at 25 °C, analysis
by UV spectroscopy or HPLC

overnight equilibration at 25 °C
in suitable media and analysis

by UV spectroscopy or HPLC
use DVS apparatus or expose

to various RH values and
measure weight gain after 1 week

use Wood's apparatus’*

SEM or optical microscopy

determine pK, for parent drug

perform on each salt and

compare to parent

Perform on each salt and

compare to parent

Examine pH of saturated solution

if quantities permit.

Determine solubilities in ethanol,
poly(ethylene glycol), propylene glycol
and glycerol and compare to parent.
compare solubility in demineralized
water with 1.2% NaCl for salts and parent

perform at 53, 93, and 97% RH,

and other values of interest;

assign hygroscopicity

classification to each satt!?

compare dissolution rates at various pHs
(can provide data on wettability)
Compare crystal habits and

levels of agglomeration

Examine particle size distributions.
preliminary exploration

determine Carr’s compressibility index

particle size SEM and laser diffraction
polymorphism/pseudopolymorphism recrystallizations, HSM, DSC, TGA
powder properties bulk density measurement

stability various

perform on parent drug and endertake
preliminary tests on appropriate salts

formulations to increase the duration of action (e.g., chlor-
promazine embonate). On some occasions, the selection of
a salt with only modest aqueous sclubility may be more
suitable for use in tablet products prepared by wet granulation
since the use of highly soluble salts can be detrimental to
the granulation process. Depending on the dose required,
aquecus solubilities in the range 0.1—1.0 mg/mL will
normally be sufficient to satisfy the dissolution requirements
for standard, solid, oral dosage forms of drugs with good to
mederate potency. However, for parenteral solution products,
higher solubilities, perhaps 10 mg/mL or greater, depending
on the required dose and dose velume, may be required. For
parenteral formulations, the pH of solution (normally within
an acceptable range of 3—10 for intravenous solution) should
be monitored to help ensure that the formulation will be well
tolerated.

Salts are also frequently prepared for the reasons other
than solubility modification; it is frequently necessary to
prepare a specific salt to either achieve adequate physical
stability or for taste masking (e.g., dextropropoxyphene
napsylate suspension). Manipulation of drug substance
solubility by selection of salts may also be employed to
modify the pharmacokinetic profile of the drug (e.g.,
benzathine penicillin and insulin zinc complexes used in
parenteral formulations). Salt formation may be also advan-
tageous where the melting point of the active moiety is low,
and it is necessary to mill or micronise the active ingredient
to achieve adequate homogeneity. A suitably stable salt may
have a melting point that is 50—100 °C higher than the free
acid or free base. Also, being more icnic, the crystals are

likely to be less plastic and more easily deformed by briitle
fracture.

Scale-up of the Formation of Salts

The information from the preliminary crystallisation
studies is communicated to the Process Chemistry group,
who by this time will have started their investigations into
possible manufacturing routes for each of the candidates
remaining. At this stage in the development process, Process
Chemistry usually aim to quickly manufacture 50—200 g of
the one or two candidates that may remain to progress them
towards initial clinical evalvuation. The manufacturing route
may be the same as used by the Discovery Chemistry group
but usvally is significantly different. The aims of both the
Process Chemistry and Preformulation groups for the fol-
lowing 12—18 months is to collaborate extensively to ensure
that, for the chosen candidate, there will be a viable synthetic
route to the chosen form of the drug substance.

A significant portion of this batch is destined for the
preparation of 3—4 g of each of the salts that were thought
to be viable from the smaller-scale studies. A similar sized
portion of the free base/acid is also taken for comparison
purposes. The combination of individual studies undertaken
on each of these 3—4 g portions varies depending on the
type(s) of dosage form ultimately required for marketing.
Qccasionally, it may be necessary to undertake a pharma-
cokinetic evaluation of each salt in comparison with the free
acid/base. The dosage forms most commonly used for the
drug substances encountered during preliminary clinical
investigations are tablets/capsules, inhalation dosage forms
and injections.
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Table 3. Tests to be considered for the evalvation of
candidate salts

test to be considered amount required, mg

Structural Analysis

mass spectroscopy? 1
'H NMR*® 5
13C NMR* 25
Ir spectrum 1
UV spectrum 1
fluorescence spectrum? 1
elemental analysis 10
Physicochemical Properties
melting range 2
pK.°® 5
Clog Pllog P ¢ 5
preliminary polymorphism study 200-500
X-ray diffraction 20
aqueous solubility? 100
pH — solubility profile 500
cosolvent solubilities” 300
propellant solubility? 500
Physical Properties
hygroscopicity 20
microscopy (SEM/optical) 10
particle size (Malvern) 100
size reduction (sonication) 300
Impurities (hplc)
related substances® 10
degradation products® 10
chiral purity? 10
Stability Studies
stability to hydrolysis (pH 2, 7, 10)° 15
stability to oxidation (peroxide/peracid)? 5
stability to photolysis® 15

2 Determined on free acid/base only. * Would include solubility in saline, 5%
dextrose and some buffers © Also solubilities in complexing agents/surfactant
systems where appropriate ¢ Propellants and propellant/cosolvent systems for
inhalation dosage forms.

Tables 2 and 3 show the types of tests normally chosen,
the information that they can produce and the amount of
sample normally required for these common dosage forms.

What to Develop: Salt or Free Acid/Base?

The results obtained from each of these tests are tabulated
for the free acid/base, together with each of the salts, and
discussed in detail between the Formulation Scientists,
Preformulation Analysts, Physical Chemists, Process Chem-
ists, and occasionally Pharmacokineticists. The Preformu-
lation Scientists assess the relative merits of each form for
use in the proposed clinical formulations and whether the
properties such as solubility are adequate to give the high
concentrations required in the various pre-clinical formula-
tions. Process Chemistry need to assess the likely yield of
each salt, as salt formation creates an additional step in the
manufacturing process. Usually, the decision-making process
results in the proposal of a single salt for further study,
although occasionally it is seen that none of the salts have
optimum properties, and two different salts can be proposed
for in-depth study. Also, it is occasionally found that the
overall properties of the free acid/base are much better than

any of the salts. This occurs more frequently where the
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candidate has a low pK, value and the resulting salts are
less stable than required or when the salts are particularly
hygroscopic or when they exhibit complex polymorphism/
pseudopolymorphism (hydration or solvation).

These relatively simple investigations give much ugeful
information very quickly; it should be noted, however, that
the preliminary polymorphism study is far from the in-depth
study that is always undertaken later. This preliminary study
uses a range of protic and aprotic solvents of widely differing
polarity and will normally show the presence of a stable
hydrate or solvate.

Once a decision is agreed upon within the group, a
document that gives a précis of the discussions and the basis
for the proposal is normally drafted for agreement by senior
management. Examples of these salt selection studies are
given below:

Example No. 1 (RPR 111423)

RPR 111423 is a candidate drug substance that has been
evaluated for the treatment of symptoms related to infection
by AIDS. It is a crystalline, very weak base with a pK, at
4,25. A comprehensive screening of possible salts demon-
strated only a monohydrochloride (RPR 111423A) and a
mesylate (RPR 111423B) could be isolated as crystalline
solids.

It was decided that the free base should be taken through
the simple evaluation process in comparison with these two
salts. It was expected that the drug substance could be
required in the form of tablets or capsules, with an injection
form needed for some pre-clinical studies and for the
determination of absolute bioavailability in man. Becaunse
of its high activity in screening studies, there was a possibility
that very low dose oral formulations might be needed. This
may require micronised drug substance to enable content
uniformity requirements to be met; this micronised material
would also be expected to enhance dissolution.

The results from the relatively simple studies undertaken
are given in Table 4. The two salts clearly demonstrated the
predictable problems associated with a relatively low pK,
value; the salts were quite weak and dissociated to liberate
the free base in media with pH values below the pK,. The
very low solubility of the free base resulted in immediate
precipitation following dissociation. There was clear evidence
for multiple polymorphism for each of the salts, and
establishing the existence of a stable polymorph, or a suitable
pseudopolymorph, may have been necessary before a deci-
sion could be made on which of the two salts could be
developed further.

The corresponding results for the free base indicated that
it appeared to be the better candidate; it showed no evidence
of polymorphism, and it was not hygroscopic. The two major
areas that required further investigation were whether it had
sufficient solubility in gastrointestinal media and whether it
could be micronised. Studies performed on samples of drug
substance and on simple capsule formulations demonstrated
that the dissolution rates of micronised free base were
equivalent or superior to those of the salts under the same
conditions.
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Table 4. Comparison of some simple properties of RPR111423 and its two salts

test

result for
RPR 111423 (base)

result for
RPR 111423A (hydrochioride)

result for
RPR 111423B (mesylate)

appearance

particle size

by microscopy, #m
melting range, °C
preliminary
polymorphism study

off-white to cream,
erystalline powder
10—100 (large
rhombic crystals}
241—-244

no other form detected

pale yellow, highly

agglomerated powder

2x1

(microcrystaliine laths)

242

at least four polymorphs detected;
metastable forms revert to
original on standing

cream to pale yellow, highly
agglomerated powder

Tx1

(microcrystalline laths)

210

at Jeast six polymorphs detected;
phase changes detected on
grinding or micronisation;

reverts to original form on heating

other thermal behavior nothing detected loss of HCI detected nothing detected
at 110—120°C )
aqueous solubility, at25°C at 37 °C at 25 °C at 37 °C at25°C at37°C
mg/mbL
-atpH1 11.6 147 25.7 28.2 1314 204.1
-atpH 2 0.71 0.89 2.51 4.58 6.11 8.91
-atpH 4 0.03 0.05 0.05 0.13 0.01 0.02
-atpH 6 0.0t 0.02 0.01 0.02 0.03 0.34
- at pH 6,8 0.01 0.02 0.01 0.02 0.01 0.02
- in demineralized water ~ 0.01 0.02 0.36 0.99 0.33 0.50
pH of saturated 6.50 2.43 274
solution, at 20 °C,
in water
addition of
water {0 concentrate
-atpH 2 no changes detected some precipitation of free base some precipitation of free base
-atpH 4 no changes detected extensive precipitation of free base extensive precipitation of free base
hygroscopicity non-hygroscopic slightly hygroscopic moderately hygroscopic

<0.2%w/w waler
uptake at any RH

(hygrostat for 14 days)

2.3% w/w uptake at 53% RH
22% wiw uptake at 97% RH

3.7% w/w uptake at 53% RH
32% wiw uptake at 97% RH

Example No. 2 (RPR 127963)

RPR 127963 is a candidate drug substance that has been
evaluated for the treatment of cardiovascular diseases; it is
a crystalline, very weak base with a pK, at 4.10. In common
with most similar drug substances intended for the treatment
of cardiovascular disease, it was considered that a high-dose
(up to 250 mg) solid, oral dosage form and a correspondingly
high-dose (up to 50 mg/mL) injection would be ultimately
required. In line with our standard protocol, a comprehensive
evaluation of possible salts was undertaken, and this dem-
onstrated that five crystalline salts (a hydrochloride, a
mesylate, a citrate, a tartrate, and a sulphate) could be readily
produced. It was decided to quickly profile each of these
salts in comparison with the free base. The results of these
studies are given in Table 5.

When the anbydrous free base was evaluated, the exist-
ence of an additional mono-, di-, and trihydrate was found
quite rapidly. It was shown that all four of these forms could
be interconverted under conditions that might be expected
to be found in granulation processing. The other potential
problem with the anhydrate was the low melting point. In
considering the results obtained for the various salts, the
solubilities of the citrate and the tartrate were much lower
than required for an injectable form and lower than ideal
for high dosage formulations. An additional problem for the
tartrate salt was the high hygroscopicity. Both of these salts
were rejected before completion of the full evaluation. The
hydrochloride salt was also shown to have several problems
such as lower than ideal solubility, probable multiple
polymorphism, and the formation of hydrates.

Thus, the mesylate and the sulphate were the two salts
that remained; both had high melting points, excellent
aqueous solubility, and were non-hygroscopic. The free base
still remained a possible candidate, if a stable hydrate could
be found. It was therefore decided to undertake some
additional evaluations on these three forms; the results from
these are presented in Table 6.

These additional results demonstrate a slight advantage
in favour of the sulphate salt because of its greater solubility
in cosolvents. This would give the formulator a better chance
of achieving a higher dose in an injectable formulation. It
was considered that the sulphate salt (RPR 127963E) could
be studied further in the more detailed evaluations that would
follow over the next few months. The mesylate or the free
base (if a suitably stable hydrate could be found) would
provide a possible back-up, should unforeseen problems
arise.

Example No. 3 (RPR 200765)

RPR200765 is a candidate drug substance proposed for
the treatment of rheumatoid arthritis. It is another crystalline,
weak base with a pK, of 5.3 which formed salts with a wide
selection of counterions. It was expected that doses of 100—
125 mg of RPR200765 in capsules would be required for
clinical studies.

Early studies suggested that RPR200765 free base was
unacceptable for use in solid, oral dosage forms due to a
very poor aqueous solubility of approximately 10 g#g/mL and
poor bioavailability in animal models. However, RPR200765
would form stable salts with hydrochloride, hydrobromide,
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Table 5. Comparison of some simple properties of RPR127963 and its five salts

result for

result for result for result for result for result for
free base HCl salt mesylate salt citrate salt tartrate salt sulfate salt
test (RPR 127963} (RPR 127963A) (RPR 127963B)  (RPR 127963C) (RPR 127963D) (RPR 127963E)
appearance yellow, yellow, yellow, yellow, yellow, yellow,
crystalline crystalline crystalline crystalline crystalline crystalline
powder powder powder powder powder powder
particle size 1-3 um 1-3 um tightly packed microcrystats rounded aggregates of
(microscopy), gm (agglomerates (agglomerates spherutites of (23 pmy) agglomerates of microcrystals
of microcrystals)  of microcrystals) agpglomerated with some microcrystals in (10—15 um)
microcrystals aggregates domains (70 um)
18 pm diameter. (70 um)
melting range, °C 119—123 166—191 (re-grows  280.9—282.2 130.2—134.3 198.5-201.6 305.7-308.9
at about 166,
recrystallizes at
191, then melts at
about 275
preliminary several hydrates  two monohydrates no evidence stable unstable no evidence of
polymorphism study detected and one anhydrate of polymorphs gemihygmte anhydrate polymorphs
etecte
aqueous solubility
(25 °C), mg/mL
- in demineralized water  n.d.? 392 108 0.83 0.89 ~50
-in 0.1 M HCl n.d. 5.2 50.4 nd. nd. 59
-in 0.1 M NaOH 0.020 0.019 0.022 n.d. n.d. 0.018
- in dextrose S%w/v n.d. 2.84 90 n.d. n.d. ~40
pH of saturated solution n.d. 2.33 1.76 2.49 2.56 1.32
hygroscopicity n.d. non-hygroscopic non-hygroscopic  nom-hygroscopic  very non-hygroscopic
hygroscopic

“n.d. = Not determined.

Table 6. Comparison of additional properties of RPR127963 (anhydrate), its mesylate (RPR 127963B) and sulfate (RPR

12963E) salis

result for free base

test anhydrate (RPR 127963)

result for mesylate
salt (RPR 127963)

result for suifate
salt (RPR 127963)

solubility in
cosolvents at

25 °C, mg/mL

ethanol 150
propylene glycol 354
poly(ethylene glycol) 400 188
dimethylsulphoxide > 500
N-methylpyrrolidone > 400
glycerol 42
peanut oil 0.18
intrinsic dissolution

rate, mg-min~!-cm2

- in water (.01
-in 0.01 M HCI 035
powder flow n.d.
properties

*n.d. = Not determined.

0.6 0.2
0.7 1.7
0.2 0.2
14 110
44 8.5
n.d.f 2.7

none detected none detected

n.d. nd.
73 7.7
Good, but becomes much worse Sticks slightly

with increasing humidity

methanesulfonate, and camphorsulfonate counterions. Ague-
ous solubility, particle size and shape, powder properties,
and polymorphism profile were considered to be the key
properties to permit a choice of salt to be made. In addition,
it was recognised that the use of some counterions with high
molecular weights, would require a large excess of drug
substance to achieve the required doses.

Studies demonstrated that the solubility of RPR200765
depended on the amount of drug substance used for the study.
This occurred because the counterion reduced the pH of
solution and enhanced solubility of the drug base. The
mesylate salt consistently produced a higher solubility than
any of the other salt forms. The higher solubility resulted in
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an enhanced dissolution rate of the mesylate salt compared
to the other salt forms. The solubility and dissolution rate
of the hydrobromide salt was particularly poor. Intrinsic
dissolution rate studies on compressed disks could not be
carried out because a good compact could not be obtained
for most of the salts, and the studies were carried out using
drug powder {equivalent to 50 mg free base) in capsules.
Hygroscopicity studies demonstrated that the hydrochlo-
ride and hydrobromide salts adsorbed large amounts of
moisture on exposure to humidity, resulting in the formation
of multiple hydrated forms. The methanesulfonate salt
however, was a stable monohydrate form which lost moisture
at very low humidity (<10% relative humidity (RH)) but
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Table 7. Comparison of the physicochemical properties of RPR200765 salt forms

result for hydrobromide

result for mesylate salt result for camphorsulfonate result for hydrochloride
test {RPR 200765A) satt (RPR 200765C) salt (RPR 200765D) (RPR200765E)
appearance off-white to cream, white to off-white, crystalline,  white, free-flowing white 10 off-white,

MW

melting range, °C
maximum aqueous
solubility at 25 °C,
mg/ml

pH of saturated
solution in
demineralized water
at 20 °C, mg/mL
hygroscopicity

(by DVS})

crystal habit
and appearance

free-flowing powder

566.61
214
39

1.93

non-hygroscopic
with a stable,
monchydrate form
ndividual
platelike crystals
with some
agglomeration.

free-flowing powder

powder

crystalline, free-flowing

powder
684.79 52498 569.43
265—267 245248 276277
19.95 16.68 329
222 2,16 2.63
non-Hygroscopic hygroscopic with hygroscopic with
multipte hydrated multiple hydrated
forms forms
clusters of platelike crystals; loosely
highly individual crystals agglomerated,
aggregated, contain stress lines flaky material

platelike crystals

particle size ~45—200 yum in crystals ~20—50 um, ~30—100 um 10—40 um
by microscopy agglomerates of clusters ~80—200um particles particles
200-350 um -some largex
clusters up to
500 um
dissolution studies,
drug substance in
capsule (Tgos, min)
atpH 2
atpH 4 2.0 6.0 74 3.9

(in citrate buffer)

>06(% release >60% release

>6(% release 14% release

rapidly re-equilibrated to form the monohydrate form when
the humidity was raised. These findings suggested that this
salt would be amenable to solid dose formulation and there
was little risk of changes in the hydration state on processing
or storage under normal conditions. The camphorsulfonate
was non-hygroscopic. The results of these studies are outlined
in Table 7; in this case very little comparative work was
undertaken on the free base due to the poor solubility and
bioavailability.

Overall, the studies suggested that the mesylate salt was
the favoured form on the basis of its low hygroscopicity,
clean polymorphic profile in the preliminary sereen, high
solubility, and rapid dissolution rates. Another favourable
factor supporting the selection of the mesylate salt proved
to be the good flow properties which allowed very satisfac-
tory capsule and tablet formulations to be developed.

The Next Steps?

Having evaluated several possible alternatives in the three
cases above, using a relatively simple range of tests, a form
of the drug substance has been chosen that should be possible
to develop further. These simple studies have required 3—4
g of the free base and a similar quantity of each of the salts;
the data for all forms normally can be generated in one
month, or less. The next steps involve confirmation of the
choice, by employing a further range of tests, followed by
the optimisation of the form of the salt. A series of tests,
analogous to those in Table 2, are used in this evaluation;
these tests are given in Table 8.

Optimisation of the Drug Substance Form for
Development

Having chosen what should be a reasonably stable form
of the salt, free acid, or free base, one of the key activities
is to start investigations into which other polymorphic or
pseudopolymorphic forms exist. In the short development
phase where preclinical administration occurs, only a pre-
liminary screening of these different forms is considered
necessary, as it is possible that the compound can be found
too toxic for further study. Our team undertakes this on about
500 mg of sample; small portions are recrystallised from
anhydrous and hydrated solvents of differing polarity. Any
crystalline product recovered is examined by a variety of
techniques to determine how many different forms are
produced and whether any are hydrates or solvates. Prelimi-
nary information on the inter-relationships between the
different forms can often be found, even at this early stage.

The remainder of the tests are designed for two main
purposes:

To define the various preclinical formulations that are
required, to devise analytical methods for these, to determine
their stability, and establish shelf lives.

To establish a database for the chosen form and to give
an indication of the possibilities for clinical formulations.

To accomplish this, it is normal to request a minimum of
25 g of drug substance, although occasionally more may
needed if the drug substance is intended for inhalation and
there are difficulties with micronisation.
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Table 8. Tests to be considered for “preclinical phase” (column 2) and in preparation for initi;al clinical investigation (column
3) for compounds intended for use in oral, injection and inhalation products

test to be considered

amount required, mg cr g

amount required, mg or g

Physicochemical Properties

meiting range 50 mg 50 mg
optical rotation lg
polymorphism 500 mg 25-50 g
X- ray diffraction 20 mg 20 mg
intrinsic aqueous solubility 400 mg
cosolvent solubilities? 500 mg 2g
propellant solubility? . 2g
Physical Properties
hygroscopicity 800 mg -
microscopy (SEM/optical) 100 mg 100 mg
particle size (Laser) 200 mg 200 mg
micronisation 5¢g
specific surface area 2g(R) 4g(R)
true density 200 mg (R) 200 mg (R)
bulk powder density 25g(R) 10 g (R)
wettability lg
Impurities (HPLC)
related substances 10 mg 10 mg
degradation products 10 mg 10 mg
chiral purity 10mg . 10mg
electrophoresis/TLC 10 mg
Stability Studies
hydrolytic profile (identify degradants) 100 mg
bulk drug powder 2g
Excipient Compatibility
HPLC, XRPD, and DSC 50 mg 250 mg
Compression Properties
for dry powder inhaler only 5¢g
Preclinical Formulation Development
mtra-tracheal suspensions 2g
oral solutions/suspensions 2g
sclutions for nebulization 2g
IV solutions 2g
other routes (ip/sc) 1g -

Clinical Formulation Development

predict suitable dosage forms

3g
microbiological controls
total substance requirements 20-25¢g

Phase I—-IIac 2501200 g

d
depends on form and dose

® Also solubilities in complexing agents/surfactant systems where appropriate. » Propellants and propellant/cosolvent systems for inhalation dosage forms. © Develop
and specify Phase I formulation — commence stability/compatibility studies. # Dependent on drug availability; (R) possible to recycle drug substance for certain other

tests,

Once the drug substance is shown to be nontoxic, studies
leading to the definition of a suitable series of clinical
formulations can begin. For this, we normally expect to have
a reasonably clear picture of the inter-relationships between
the different forms of the drug substance and should have
started to define the most stable form. As more baiches are
manufactured at increasing scale by Process Chemistry, they
are examined using some of the key tests to add information
to the database. Also, with the increased availability of drug
substance, it is possible to initiate maturation studies as an
additional technique to assist in the definition of polymor-
phism. If the structure of the drug substance has been
determined by single crystal X-ray, under certain circum-
stances it may be possible at this stage to initiate the
theoretical search for other polymorphic forms. This is
achieved using the Polymorph Predictor software (Molecular
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Simulations Inc.). This software has been used successfully
on several small molecules (molecular weight <500) and
predicts theoretical crystal structures and their relative
energies. The most stable form has the lowest energy;
increasing energy signifies lower stabilities.

As larger quantities of drug substance and samples from
different batches become available it is imperative that the
variation in basic physical properties (e.g., crystal size and
shape, specific surface area, powder flow properties, bulk
and tapped density etc.) are studied for each batch. By close
liaison with Process Chemistry, it is normally possible to
modify the recrystallisation conditions such that greater
batch-to-batch uniformity of these physical characteristics
can be achieved. Also, these characteristics can often be
modified such that they are closer to ideal.
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The Negative Aspects of Salt Formation

One of the negative aspects of salt formation is that the
percentage active content decreases markedly as higher-
molecular weight counterions are used. If the free acid or
base has only moderate or low activity, it may be necessary
for the patient to have a relatively high dose for a clinical
effect. If 20—~50% of the weight of the drug substance is
due to inactive counterion, the addition of suitable excipients
for encapsulation or tableting may result in a powder volume
that is too great, even after granulation, to fit successfully
into even the largest acceptable capsule shell. This forces
the formulator towards a tablet. Even with these formulations,
a large tablet (or even multiple, smaller tablets) may be
necessary; these do not aid patient compliance.

Other problems that are frequently created, or exacerbated,
by salt formation are an increased tendency for the existence
or formation of hydrates and polymorphs. Hydrates may be
produced in formulations by interaction with water bound
to excipients, water in capsule shells, etc.

Final Definition of the Form

As the candidate passes through initial clinical evaluation
(Phases Ia and Ib), additional characterisation and refinement
of the drug substance form continues in parallel with the

finalisation of studies on the drug substance manufacturing
process. Close liaison and teamwork between the Process
Chemist and the Preformulation Scientist in an exploration
of the various possible recrystallisation solvents can often
result in further refinement of the crystal properties. An
excellent scheme for the final characterisation of solid drug
substances, prior to the final regulatory submission, has been
described recently 12 The aim of both the Preformulation and
Process Chemistry teams is to finalise the definition of all
of the characteristics of the drug substance in readiness for
the initiation of Phase Ila clinical trials
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1. Introduction

Because of the introduction of combinatorial chemistry and high-
throughput screening (HTS) during the past ten years, the pharmaceutical in-
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136 PHARMACEUTICAL SALTS:

dustry is going through a revolutionary change in the way it has been discov-
ering and developing drugs [1]. Larger, more lipophilic, and less water-solu-
bie leads are being selected as a result of the quest for more potent and high-
ly specific molecules. The widespread use of dimethyl sulfoxide (DMSO) in
HTS also favors the selection of lipophilic, water-insoluble compounds,
which are easily solubilized in this solvent. Since some of the attributes of
newer drug molecules are unfavorable to their development as dosage forms,
the ‘developability” is becoming a critical consideration for the transition of
a chemical entity from the discovery phase to the development phase [2] [3].
There is now a greater collaboration between discovery and development sci-
entists in evaluating such developability criteria as solubility, dissolution rate,
stability, permeability, and so forth, for the selection of optimal-development
candidates. Since, as mentioned in Chapt. 2, salt formation can improve sol-
ubility and dissoluticon rate of basic and acidic drugs, thus increasing their ab-
sorption rate and bioavailability, we will present in this chapter various strat-
egies for the selection of optimal salt forms for new drug candidates. The
physicochemical principles to be described in this chapter will also be help-
ful in identifying acidic or basic drug candidates that can form more devel-
opable salts.

The salt selection should be viewed as a part of the overall objective of
selecting the ‘optimal form’ of a drug candidate for development. When one
refers to the optimal form, it involves both chemical and physical forms. A
new chemical entity can be an acid, a base, or a neutral species. If it is a neu-
tral species, there are no options for chemical manipulation to make it more
developable other than possibly preparing prodrugs. On the other hand, if it
is an acid or a base, one can select the free acid or base form, or, alternative-
ly, one can select a salt form. In the selection of free vs. salt form, questions
that need to be answered are: Is the acid or base form preferred because of
biopharmaceutical considerations? Is the salt form more suitable? Is the prep-
aration of stable salt forms feasible? Among various potential salt forms of a
particular drug candidate, which has the most desirable physicochemical and
biopharmaceutical properties?

Along with the evaluation of chemical form, the strategy for the selec-
tion of physical form must also be considered. One needs to determine
whether the compound exists in crystalline or amorphous form, and, if crys-
talline, whetber it exhibits polymorphism. One also needs to investigate:
Does the compound exist in hydrate or solvate form? If so, how is such a
form affected by temperature and moisture? How stable is a particular form
in solid state and in solution? The ultimate selection of the ‘optimal form’
of a new drug candidate for development depends on-a balance among the

physicochemical properties of its various available chemical and physical
forms.
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PROPERTIES, SELECTION, AND USE 137

Another critical element of a salt-selection process in any drug-develop-
ment program is the timing. Here, the critical questions are: When does one
start salt selection? Should a new drug candidate be selected after consider-
ation of its feasibility for salt formation? Or should any such consideration
be postponed, until the new candidate has been selected and forwarded to the
development stage? How can the salt selection be integrated in the develop-

" ment process such that it does not become a rate-limiting step or does not ex-
tend development time?

The success of a salt-selection program also depends on how various dis-
ciplines within drug discovery and development interact and collaborate. The
composition of a salt-selection team and the responsibilities of individual
team members may have profound effects on time and resources spent on a
salt-selection program. ,

Based on the above considerations, salt-selection strategies for new drug
candidates may have the following components:

i) selection of chemical forms of saits,
if) selection of physical forms of salts,
iif) salt-selection timing,

iv) composition of salt-selection team

In the present chapter, strategies for the selection of chemical forms of
salts will be described in detail. Strategies for the selection of physical forms
will be discussed in less detail, since Chapt. 3 and 7 will also cover several
aspects of these strategies. Salt-selection timing and composition of salt-se-
lection teams will be discussed only briefly, since no clear picture of how
these are practiced in various drug companies has emerged yet.

2. Selection of Chemical Forms of Salts

At the outset of any salt-selection program, it is important to determine
whether a particular acid or base is amenable to salt formation. If the salt for-
mation appears to be feasible, the question then arises is which one of the
many available counter-ions would be most suitable for the purpese. Some
of these 1ssues will be addressed in this section.

2.1. Feasibility Assessment for Salt Formation

No predictive procedure to determine whether a particular acidic or basic
drug would form a salt with a particular counter-ion has been reported in the
literature. Anderson and Flora [4] reported that successful salt formation gen-
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138 PHARMACEUTICAL SALTS:

erally requires that the pK;, value of a conjugate acid should be smaller than the
pK, value of the conjugate base to ensure sufficient proton transfer from the
acidic to the basic species. Thus, relatively stronger acids like HBr, HC],
H,S0,, or one of the sulfonic acids (pK, <2.0) would be suitable for the prep-
aration of salts of weakly basic amines having pK, <4. Other investigators also
provided similar but rather general guidelines for the selection of counter-ions.
Wells [5], and also Tong and Whitesell [6] recommended that, for the prepara-
tion of salt forms of a basic drug, the pK, of the acid used should be at least
2 pH units lower than the pK,, of the drug. Although these are valuable guide-
lines, 2 more predictive method for assessing the feasibility of salt formation
would be necessary to minimize trials and errors in a salt-selection program.

As described in Chapt. 2, the pH—solubility interrelationship and the lo-
cation of pH_,,, in the pH scale play critical roles in determining which salt,
if any, can be synthesized for a particular free acid or base. Dittert et al. [7]
reported as early as in 1964, although not for the specific purpose of salt se-
lection, that whether a basic drug would exist as the free base or as a salt un-
der certain pH conditions can be determined by studying its solubility vs. pH
relationship. Latef, Kramer and Flynn [8] demonstrated that the pH~-solubil-
ity relationship of a basic drug could be expressed by two independent cur-
ves, and the point where the two curves intersected was the pHp,,,, the pH of
maximum solubility. This is shown in Fig. I, and the relevant equations are
given below:

At pH>pH,__.: = [BH"]+[B]; -
= [B);-(1+ [H3O+]/Ka) (D
AtpH<pH__:  S;=[BH',+[B]
= [BH"], - (1 + K,/{H;0"]) @

In both Egns. 1 and 2, St is the total or equilibrium solubility under a partic-
ular pH condition, [B] and [BH"] are concentrations of free and protonated
species of the base, respectively, and the subscript s represents the concen-
tration in equilibrium with the solid phase. Fig. I essentially illustrates that
a salt would not be formed in an aqueous medium, unless the pH of the sat-
urated solution of a basic drug is not lowered below the pH, ., and any salt
formed would be reconverted to its free base form, if the pH of a saturated

salt solution is raised above the pH,,,,. In other words, solid phases that re-

main in equilibrium with solutions at pH below and above pH,,,, are a salt
and the free base, respectively.

Similar pH-solubility relationship also exists for acidic drugs [9] [10]. As
illustrated in Fig. 2, for a monoprotic acid, the free acid would be the equi-
librium species at a pH below the pH,,,, and a salt would be formed only if
the pH is raised above the pH,,, by using suitable counter-ions. The relevant
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Solid Phase:
Sait

>
£ | [sr=BHY, 48]
E = [BH"L, {1 + K,/ [H50"]}
Q ! .
h VLt
& PHmax

S; = [BH'I+[B]g
= [B]{1 + [HaO'}/ K,})

Solid Phase:
Base

pH

Fig. 1, Schematic representation of the pH-solubility profile of a monobasic compound, show--
ing that solubilities. of base and salt can be expressed by two independent curves correspond-
ing to two independent equations. The point where the two curves intersect is the pH,,,.

Solubility

Sr=[AH],+ [A]
= [AHL (1 + K/[H;0)

Acid

Solid Phase:

8= [N+ [AH]”
=[Al(1+ [HBO+]/K.!)

Solid Phase:
Salt

pH

Fig. 2. pH-Solubility profile analogous to Fig. 1 of a monoprotic acid

equations are given below:

i AtpH< PHmax: S’I‘ = {AH]S +{A7]
. = [AH], - (1 + K/[H;07])
At pH >pH . St=[A"),+[AH]

= [A7],- (1 +[H;0'/K,)

3)

Q)
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In Egns. 3 and 4, S7 is again the total solubility under a particular pH condi-
tion, [AH] and [A~] are concentrations of free and ionized species of the acid,
respectively, and the subscript s represents the concentration in equilibrium
with the solid phase.

Solubilities of salts, as described by Egns. 2 and 4, can be influenced by
excess counter-ions present in solution. However, counter-ions influence sol-
ubilities through solubility products only after salts are formed and, therefore,
might not adversely affect the feasibility of salt formation. The issue of sol-
ubility product on the salt-selection strategy will be discussed in a later sec-
tion of this chapter. :

Serajuddin and co-workers [10- 14], and numerous other authors {8] [9]
[15—18] confirmed the application of the above-mentioned pH—solubility re-
lationships in determining under which pH conditions salts of particular acid-
ic and basic drugs can be formed.

2.2. Application of pH-Solubility Relationship: Case Histories

The application of pH-solubility relationships in determining the feasibil-
ity of salt formation can be explained by a few case histories.

2.2.1. Case History I: REV5901

To determine the feasibility of salt formation for REV-5901 (Fig. 3), a
base with the pK, value 3.7, Serajuddin et al. [14] determined its pH-solu-
bility profile as shown in Fig. 4. An identical profile was obtained, when
either the free base or the hydrochloride salt was used as the starting solid
phase. The pH,,,, of the compound was 1, indicating, as mentioned above, a
salt form would exist only at pH below 1.0. Indeed, only two salts, a hydro-
chloride salt and a sulfate salt, could be prepared for REV-5901, since only
strong acids like HCI and H,S0O, could lower the pH of a saturated solution
below the pH,,, of 1. A salt formation with relatively weaker acids like phos-
phoric acid, acetic acid, lactic acid, tartaric acid, and so forth, would not be
feasible, since such acids would be unable to lower the pH below 1.0. Thus,
just from the pH-solubility relationship, one can narrow down the type and
the number of salts that can be prepared, saving much efforts and resources
that could otherwise be wasted in attempting to synthesize many different salt
forms. Based on Fig. 4, one would even question the suitability of hydro-
chloride and sulfate salts for development, because such salts would be con-
verted to the free base form, when the microenvironmental pH in presence
of moisture rises above 1.0. It was, indeed, observed that both of these salts
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o0
~
N
pK,=3.6
5, = 0.002 mg/m!

OH

Fig. 3. Chemical structure of REV5901, the compound used in Case History 1
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Fig. 4. pH-Solubility profile of REV5901 (A), where triangles represent the solubiliry obtained
with the free base and circles the data obtained with the hydrochloride salt. In the insert (B),
the solubility is shown on an expanded scale. Either HC] or NaOH was used to adjust pH.

did not have acceptable properties for development, and the free base form
of REV-5901 was ultimately selected.

22.2. Case History 2: GWI1818

Tong and Whitesell [6] studied the feasibility of salt formation of a basic
drug GW1818, which had the pK, value of 8.0 and the intrinsic free base sol-
ubility of 0.0044 mg/ml. For this compound, the pH, ., was ca. 5, and, as a
result, the formation of stable salts with both strong and weak counter-ions,
such as hydrochloride, methanesulfonate, phosphate, and succinate, was fea-
sible. This is because all of these counter-ions could lower the pH below 3.
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2.2.3. Case History 3: Phenytoin

The feasibility of salt formation for an acidic drug can be illustrated by
the pH-solubility profile of phenytoin (Fig. 5), a compound with a pK, value
of 8.4 and the intrinsic free acid solubility of 0.02 mg/ml at 37 °C [19]. The
sodium salt is the commercially available salt form for phenytoin, and there
are numerous reports in the literature demonstrating that the free acid form
of phenytoin precipitate out of salt solutions depending on pH. There is also
the propensity for the conversion of salt to free acid in solid dosage form. It
1s apparent from Fig. 5 that the salt formation for phenytoin is feasible only
with strong alkalis like NaOH because it can raise the pH above the pH,,,
value of 11. Since relatively weaker bases like Mg(OH),, Ca(OH),, etc., and
the commonly used amine bases like arginine, lysine, efc., would not raise
the pH of an aqueous solution above 11, they will not form salts with phen-
ytoin. Fig: 5 also indicates that any salt formed would be converted to the
free acid if the microenvironmental pH were below 11. If, unlike phenytoin,
the pH, ., of an acid were, for example, around 8, there would be a much
better option for salt formation, because the pH could be raised above 8§ by
using a larger selection of alkalis and bases.

H
r H.C
60 |- 56 NYO \‘
: HSCS NH

10} 0

Solubility [mg/mil]

B pK, =8.4

4

2 S0 =0.04 mg/ml
o O

al O Free Acid

01 L A Sodium Salt

0.02 i | 1 1 ] |
0 2 4 5 8 10 12 14
pH

Fig. 5. pH-Solubility profile of phenytoin at 37 °C indicating pH,,,. at 11. Identical profiles
were obtained when either free acid or the sodium salt of the drug substance was used. pH was
adjusted vsing either NaOH or HCL
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2.3. Theoretical Modeling of pH-Solubility Relationship

In the case histories mentioned above, pH-solubility profiles, which were
determined experimentally, have been used to identify the pH,,,, and to de-
termine the feasibility of salt formation. However, at drug discovery and
early development stages, when the supply of drug substances is limited, it

"might not be practical to determine pH-solubility profiles experimentally. In
such a situation, the pH~solubility relationships corresponding to Egns. I and
3 for basic and acidic drugs, respectively, ¢an be generated theoretically, if
pK, and S, values are available. Then, an estimate of pH,,, values can be
made by assuming certain values for salt solubilities.

Fig. 6 shows pH-solubility profiles of a basic compound generated theo-
retically according to Egn. I by using a fixed pK, value of 8.0 and various
Sy values ranging from 0.0001 to 10 mg/ml. In-this case, solubilities of salt
forms corresponding to various theoretical curves are unknown. Any partic-
ular value for the salt sclubility can be assumed for the purpose of estimat-
ing pH,, .« values. If, for example, a salt'solubility of 20 mg/ml is assumed
corresponding to each curve in Fig. 5, the estimated pH,,, values corre-
sponding to S, values of 0.0001, 0.001, 0.01, 0.1, 1, and 10 mg/ml would be
3,4,5, 6,7, and 8, respectively. The pH,,,, values would not differ much
even if the solubility of salt form somewhat differs, because, as mentioned in
Chapt. 2, for a ten-fold difference in salt solubility, the pH_ ., differs by one
unit only. Thus, from the theoretical analysis of pH-solubility relationships
in Fig. 6, it may be concluded that the salt formation of a base with the pK,
value of 8.0 might be feasible with most commonly used acids when S, val-

50

40

30

20

Solubility [mg/ml]

10

Fig. 6. Theoretical pH-solubility profiles demonstrating the effect of intrinsic solubility (Sg)
ranging from 0.0001 to 10 mg/ml of a basic drug with the pK,,=8.0
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ues are ca. 0.01 mg/ml and higher. This is because pH,,,, values in these cas-
es would be around 5 and higher. For §, values of 0.001 and 0.0001 mg/ml,
however, relatively stronger acids would be required to form salts because
pHmax values would be ca. 4 and ca. 3, respectively.

The theoretical analysis in Fig. 6 will change if the pK, value of a basic
drug is lower. As shown in Chapt. 2, there is a direct relationship between
pK, and pH,,,; the pH,., decreases by 1 for each unit decrease in the pK,
value. Thus, if the pK, value in Fig. 6 would be 4.0 instead of 8.0, the pH_,,
would be 3 and lower for S, values of 1 mg/ml and lower. In such a situa-
tion, the possibility of salt formation becomes limited, because only relative-
ly stronger acids like HCI, methanesulfonic acid, ethanesulfonic acid, efc.,
can lower the pH of saturated solutions below 3. The salt formation may not
at all be feasible if the §; is below 0.01 mg/ml because the pH,,, in this case
would be less than 1,

A confirmation of the validity of above theoretical analysis may be ob-
tained from the work of Lakkaraju et al. [20], where the authors studied
pH-solubility relationships of two structurally similar compounds, avitriptan
and BMS-181885"(Fig. 7). The compounds were dibasic in nature, each of
them with pK, values of 8.0 and 3.6. However, the §, values of the com-
pounds differed; they were 0.006 and 0.0007 mg/ml for avitriptan and BMS-
181885, respectively. Because of this difference in §; values, the pH,,, val-
ues, due to the effect of the higher pK, (8.0), were ca. 5 for avitriptan and
ca. 4 for BMS-181885. As a consequence, salts with many different counter-
ions, including acetate, lactate, succinate, and tartrate, could be synthesized
for avitriptan. But, with BMS-181885, it was not possible to lower the pH of
a saturated solution below 4 by using acetic acid, lactic acid, succinic acid,

0
0
W .0
Hacﬁ HN-—S§
NH H,C

/CH3 CHa

o} 0
HN A p— — HN S S\ —

N N—\ N N N— N
/WY Y N—
Avitriptan BMS-181885

pKay =8.0; pK,»=23.6 pK,1=8.0; pK,,=3.6

Sp=0.006 mg/ml Sp=0.0007 mg/ml

Fig. 7. Chemical structures of avitriptan and BMS-181885
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or tartaric acid, and, therefore, the salt formation with any of these counter-
ions was not feasible for this compound. However, BMS-181885 formed
salts with stronger acids like H,PO, and HCI.

It should be noted here that self-association of drug molecules 1n solu-
tions may sometimes lead to deviations in pH-solubility profiles predicted
from pK, and solubility. Nevertheless, the theoretical modeling can still ser-
ve as a useful method of predicting the feasibility of salt formation because
a pH,,,, value may be estimated within a reasonable range. Also, the self-as-
sociation often shifts pH_,, in favor of salt formation. “

2.4. Feasibility of Disalt Formation

Eqgns. 1—4 are applicable to compounds with only one pK, value, and,
therefore, the discussion in this chapter has so far focused primarily around
the feasibility of salt formation for bases with one protonatable moiety and
acids with one ionizable species. Such compounds can form only mono-salts
(e.g., mono-hydrochloride, mono-sodium, etc.). In addition, a compound may
have both basic and acidic moieties. Such a compound can also be classified
as one forming a mono-salt, because only one of these groups can be used at
one time for salt formation. In contrast, drugs can also be polybasic or poly-
protic, which might be able to form poly-salts. Examples of disalts, such as
dihydrochloride, disodium, efc., are common in the literature. Some of the
questions that arise for compounds with multiple basic moieties or multiple
acidic moieties are: Should mono- or poly-salt be synthesized for such com-
pounds? Is the formation of poly-salt feasible? If the synthesis of both forms
of salts is feasible, which one is preferred for a particular drug candidate?
Some of these issues are addressed below.

2.4.1. Feasibility of Salt Formation for Dibasic Compounds

Serajuddin and co-workers [20] [21] have demonstrated that the feasibil-
ity of salt formation for a dibasic compound can also be predicted from its
pH-solubility relationship. As illustrated schematically in Fig. &, the solubil-

ity of a free base increases with a decrease in pH, and, after the first pH,,,

(or pHy,,,, 1) is reached, a mono-salt might be formed. The solubility of the
mono-salt formed then increases because of the protonation of the second ba-
sic moiety, thus reaching pHp,, ,. Below pH,,, », a disalt could be formed.
Depending on pH and counter-ions used to prepare salts, there could be three
distinct solid phases (free base, mono-salt, and disalt) in equilibrium with
aqueous solutions. The equations corresponding to solubilities of these three
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Sy=[BH,*], + [B*]
= [BH; (1 + K, »[H,0%) /pHmax,Q

Solubility

;= [BH,*]+ [BH¥,
= {BH], (1 + [H,0V/K,2}

S;=[BH'}+ [B],
=[B] (1 + [H30+]/Ka,1)

- Solid Phase:i
Mono-Salt ! Solid Phase: Base
i

pH

Solid Phase: Disalt :

Fig. 8. A schematic representation of the pH-solubility profile of a dibasic compound, show-

ing that solubilities of the base and its mono- and disalt forms can be expressed by three in-

dependent curves corresponding to three independent equations. The profile indicates that two
pHpax values, pHy,, | and pH,,,, ,, may exist for such a compound.

phases are given below:

At PH > pHmax, 1- ST = [BH+] + [B]s
= [B]- (1 + [H;0°VK, 1) (5)

At pH <pHp,y y and>pH,y o
St=[BH;"]+[BH"),

= [BH),- (1+[H;0"VK, ) (6
AtpH<pHp, 2 Sp=[BH;") +([B¥]
= [BH3"), - (1 + K, /[H;0%]) )

For the sake of simplicity, no consideration of the common-ion effect and the
solubility product was made in deriving the above equations. It should also
be mentioned here that distinct regions in the pH-solubility profile corre-
sponding to mono- and disalt forms may not be obtained if pK, and/or pH, ,,
values of the compound are not far apart (ca. 2 wvnits). If two pH, .,
are indistinguishable, only the disalt may be isolated in pure form.

_ Avitriptan (Fig. 7), a dibasic compound, was used as the test compound
for salt formation. As shown in Fig. 9, protonation of the piperazine N-atom
and the pyrimidine N-atom was responsible for pK, values of 8.0 and 3.6, re-
spectively, for the compound. By using HCI to adjust pH, it was established
that the compound could have two pH,,,, values, one at pH 5 (pH,,.,, ;) and
the other at pH ca. 2 (pH,,,,, 5). This is shown in Fig. 10. It is evident from

values
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Fig. 9. Protonation of avitriptan corresponding to its two pK,, values
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Fig. 10. pH-Solubility profile of avitriptan at 25 °C where HCl was used to adjust pH, indi-
cating two pH g, values. Solubility profile at pH above 5 is shown in the inset.

Fig. 10 that both mono- and dihydrochloride salts can possibly be prepared
for avitriptan; the monohydrochloride salt would be the equilibrium species
at pH between 2 and 5, and the dihydrochloride salt would be the equilibri-
um species at pH below 2. Among various acids used by Lakkaraju et al. [20]
to form salts with avitriptan, only HCI could lower the pH of a saturated av-
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Fig. 11. pH-Solubility profile of avitriptan at 25 °C where tartaric acid was used 1o adjust pH,
indicating the presence of only one pH,,,, value

.

itriptan solution below 2 and thus could form a disalt. The pH of an avitrip-
tan solution could be lowered below 5 (pH,,,,, ;) but not below 2 (pH,,,, »),
when methanesulfonic acid, acetic acid, lactic acid, tartaric acid, and succin-
ic acid were used, indicating that these acids would form only mono-salts
with avitriptan. As a typical example, the pH-solubility profile of avitriptan
in presence of tartaric acid is shown in Fig. 11, where the pH could not be
lowered below 2.5 by adding excess amount of tartaric acid. In agreement
with these pH-solubility considerations, the salt-selection program of avitrip-
tan yielded mono-salts for all counter-ions used except for hydrochloride, al-
though the existence of two basic moieties in the molecule intuitively sug-
gested that attempts for the synthesis of disalts using various counter-ions
should be made. Thus, conducting a feasibility analysis based on pH-solu-
bility relationships can save considerable time and efforts in a salt-synthesis
program.

2.42. Feasibility of Salt Formation for Diprotic Acids

Equations analogous to Egns. 5—7 above can also be derived for acids
with two ionizable groups in order to study the feasibility of mono- or disalt
formation. For such a compound, the solubility of the acid initially increas-
es with an increase in pH due to the ionijzation of the first ionizable group
(i.e., the stronger ionizable group with lower pK, value). At a certain pH, the
first pH,,,, (PHax, 1) Will be reached, and above that a mono-salt will form.
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With a further increase in pH, the solubility of the mono-salt will increase
due to the ionization of the second ionizable group in the molecule, and the
second pHpae (PHpax 2) Will be reached. A disalt will be formed above
pH,.x o- The relevant equations are given below:

AtpH<pH . ;  Sp=[AH)+[A7)
=[AH]-(1+ K, J/[H;0']) ®
At PH > PHmax, 1 bl,lt < pHmax. 2!
St=[AT];+[A77]

= [A7);- 1+ [H;0'VK,, 1) &)
At pH > pHmax.‘Z: ST =[A” _]s +[AT]
=[A"7) - (1+[H30'VK, 2) (10)

In any salt-screening program for diprotic acids, the pH-solubility relation-
ships can be studied either experimentally or by theoretical considerations
using Egns. 8 and 9. Then, whether a compound will at all form a salt, and,
if it forms a salt, whether it will form a mono- or disalt can be ascertained
by studying the effect of counter-ion on the pH of a saturated solution. If the
pH of a saturated solution cannot be raised above pH,,,, | by adding a par-
ticular counter-ion, a salt would not be formed. If the pH remains between
pH,.x 1 and pH,,,, », a mono-salt would be formed. A disalt would be formed
only if the pH rises above pH, ., ,. In other instances, when pK, values of
two acidic moieties are closer, and, as a consequence, pH,;,, ; and pH,,, »
are also closer or indistinguishable, it might be difficult to isolate mono-salts
in pure forms; either a disalt or a mixture of mono- and disalts might be for-
med. Under such a situation, the preparation of only disalts may be consid-
ered, and, if acceptable disalts are not available, due consideration to the free
form of the drug should be given.

2.5. Effect of Counter-Ions on Salt Solubility

It has been reported extensively in the literature that aqueous solubilities
of different salt forms of a compound may vary depending on counter-ions
used [9]1[16][17][22~25]. Streng et al. [16] attributed the difference in
aqueous solubilities of lactic acid, methanesulfonic acid, HCl, and H5PO,
salts of terfenadine on the difference in their K, values with different coun-
ter-ions. Anderson and Flora [4] reviewed the literature for this aspect of salt
formation; however, no predictive relationship emerged. It is often difficult
to predict a priori how solubilities of different salt forms of a particular drug
will differ from each other. The reported differences in salt solubilities could
sometimes be due to artifacts; some possible difficulties in the determination
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of accurate salt solubility have been discussed in Chapt. 2 of this volume and
also by Anderson and Flora [4). 1t is possible that, for a particular salt, the
excess solid present in equilibrium with a saturated solution during the solu-
bility determination may not be a salt, because the salt may dissociate into
its free form, and thus the ‘apparent solubility’ may not reflect the true solu-
bility of the salt form. This can lead to an inaccurate and misleading solubil-
ity value. Other factors such as crystal lattice energy, solvation energy, com-
mon-ion effect, hydrated state of crystals, and so forth, could also be respon-
sible for differences in solubilities of different salt forms of a particular com-
pound. Anderson and Flora [4] noted that contributions of salt-forming coun-
ter-ions on salt solubility must be considered in terms of their separate con-
tributions to crystal-lattice and solvation energies. Since crystal-lattice and
hydration energies increase with an increase in cation or anion charges and
decrease with an increase in ionic radius, the overall effect of a change in salt
form on water solubility will depend on which term, the ionic charge or the
ionic radius, is most sensitive to the change in structure. Lakkaraju et al. [20]
reported that aqueous solubilities of mono-salt forms of avitriptan with five
counter-ions, namely, acetate, lactate, methanesulfonate, succinate, and tar-
trate, were similar and ranged from 14.7 to 16.5 mg/ml, while the solubility
of the monohydrochloride salt was 3.4 mg/mi. However, no analysis of con-
tributing factors leading to the similarity in solubilities of certain salts and
the difference with another was made.

2.5.1. Common-Ion EﬁeAct on Salt Solubility and Dissolution

When a basic drug forms a salt with a relatively strong acid, namely, HCI,
the aqueous solubility of the salt is strongly influenced by the common-ion
effect [11—16]. In such a case, Eqn. 2, which depicts the solubility of such a
salt, becomes

Sp=(1+K,/[H;0"]) (K, (11)
where, for a hydrochleride salt, the solubility product, K, is defined by
K= [BH™],- [CI7].

It is evident from Egn. I] that as the chloride ion concentration increases

with a decrease in pH, the solubility of the salt would decrease due to the
common-ion effect and in accordance with the K, value. This fact should
carefully be considered in selecting a hydrochloride salt for development, be-
cause, under the acidic pH condition of stomach in the gastro-intestinal tract,
the solubility and the dissolution rate of the salt will decrease. The common-
ion effect due to a decrease in pH is relatively less pronounced in case of salts
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of basic drugs with relatively weak acids, such as acetic acid, lactic acid, etc.,
because the ionization of such acids decreases with the lowering of pH.

Solubilities of alkali salts of acidic drugs are also governed by the solu-
bility product (K,) and decrease with an increase in common-ion. Serajud-
din et al. [26] reported that the solubility of the sodium salt of an experimen-
tal drug REV3164 decreased from 7.8 mg/ml in distilled water to 1.1 mg/ml
in a 0.1 M NaCl solution. This common-ion effect on solubility adversely in-
fluenced the development of REV3164 as a solution dosage form. Such an
effect of K, on the solubility of the salt form of an acidic drug can be stud-
ied using the following equation:

Sp=(1+[H;0"VK,) Ky, (12)

where, for a sodium salt, K, = [Na*™][A7]. The possible effect of K, on salt
solubility and its influence on dosage form design should, therefore, be care-
fully analyzed during the salt-form selection for acidic drugs. Although no
systematic study has been reported in the literature, it is usually assumed that
organic counter-ions (e.g., amines) exert relatively less effects on solubility
as compared to the inorganic ones.

The use of counter-ions other than hydrochloride may also provide high-
er dissolution rates for salts of a basic drug as compared to its hydrochloride
salt form in the gastric fluid where the presence of chloride ions is prevalent.
Indeed, Bogardus and Blackwood [27] reported that the dissolution rate of
doxycycline hydrochloride in 0.Im HCl was adversely influenced by the
chloride-ion concentration, whereas a hyclate salt was not similarly affected.
Unless the non-hydrochloride salt forms of a particular drug are converted to
the crystalline hydrochleride salt during dissolution, no common-ion effect
on the dissolution rate is expected. Since the dissolution is a dynamic pro-
cess, the hydrochloride salt may not readily form on surfaces of dissolving
non-hydrochloride salts. Also, any dissolved drug may not crystallize out in
the gastric fluid as the hydrochloride salt, unless the solubility of the hydro-
chloride salt is extremely low. When solubilities of different salt forms for a
particular drug are relatively low, such a lack of common-ion effect on the
dissolution rate may result in higher bioavailability for a non-hydrochloride
salt. Recently, Engel et al. [28] reported that the methanesulfonate salts of
two basic drugs had 2.6 and 5 times higher bioavailability in dogs than their
corresponding hydrochloride salts.

2.5.2. in-situ Screening of Counter-lon Effects on Salt Solubility

Since salts with different aqueous solubilities can be produced for a par-
ticular compound by using different counter-ions, Shanker et al. [29] report-
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ed a method whereby salt solubilities can be screened in situ using small
amounts of drug substances. In this method, small volumes of concentrated
drug solutions using different counter-ions are prepared, and the solutions
are then set aside for the crystallization of salts. In such solutions, the coun-
ter-ion concentrations are usually in stoichiometric ratios (or slightly in ex-
cess of stoichiometric ratios) with drugs. Once the crystals are formed and
equilibria are established, drug concentrations in the solutions are measured.
Tong and Whitesell [6] later used this method for the in-situ screening of salt
solubilities for a basic drug having a pK, value of 8.02 and the free base
solubility of 0.0044 mg/ml. However, care must be taken in any routine use
of this method for determining solubility and assessing the feasibility of salt
formation. Supersaturated solutions with pH around the pH,,, are often
formed, when a free acid or base and its counter-ions are mixed together
[101[12][13][18]. Unless crystal forms of salts are produced and equilibria
are reached, any measurement of drug concentration may lead to erroneous
conclusions regarding salt solubility. It is also difficult during the initial set-
up of such experiments to ascertain whether adequate amounts of drugs and
counter-ions have been added. A salt would not crystallize, unless the drug
concentration is adequate and the pH of solution is favorable for salt forma-
tion (for example, its position with respect to pH,,,, in the pH-solubility
profile).

One should also keep in mind that a negative result with respect to crys-
tallization during in-siru screening in aqueous media does not necessarily
mean that a salt would not be formed. When salts are not produced in aque-
ous media, it might still be possible to crystallize them from organic solvents
or water/organic cosolvent systems. For this reason, there is a recent trend
where multiple counter-ions and multiple solvent systems are used in an at-
tempt to prepare salts for a particular compound. In addition to a greater ef-
fort in salt synthesis, this makes the number of samples for subsequent phy-
sicochemical characterization very large. For example, if 10 counter-ions are
tested for a compound, and for each counter-ion 10 solvent systems are used,
the total number of samples generated would be 100. Salt-selection strategies
based on pH-solubility principles, as reported in the present chapter, may
greatly reduce the number of such samples and thus accelerate the salt-selec-
tion process.

2.6. Effect of Organic Solvents on Salt Formation

The pH-solubility relationships in agueous media and their influences on
the salt formation of acidic and basic drugs have been the primary focus of
this chapter. However, organic solvents or water/organic cosolvent systems

Merck Exhibit 2225, Page 408
Mylan Pharmaceuticals Inc. v. Merck Sharp & Dohme Corp.

IPR2020-00040



i
R4

e i T |
T T

PROPERTIES, SELECTION, AND USE ‘ 153

are frequently used for the preparation of salts. Although not much has been
reported in the literature, it has been the experience of present authors that
pH-solubility theories may also be applied in assessing the feasibility of salt
formation from organic systems.

An organic solvent may influence the solubility of a compound in sever-
al ways: i) increase solubility of unionized species, ii) decrease protonation
or jonization of the molecule, and iii) decrease solubility of salt formed.
Kramer and Flynn [8] postulated that the pH,,, of a basic drug can increase
due to an increase in S, value in a cosolvent system. Similarly, the pH,,, of
an acidic drug may decrease because of an increase in Sy value in the medi-
um. As indicated in Figs. I and 2, such an effect may favor salt formation.
However, this will be true only if the ionization behavior, that is, the pK, val-
ue, of the compound remains unchanged. It has been extensively reported in
the Literature that an organic solvent may adversely influence the ionization
of drug due to a decrease in dielectric constant as compared to H,O [30-32].
For example, alcohols weaken both acids and bases. Albert and Serjeant [30]
noted that the pK, value of an acid was raised by ca. 1 and that of a base is
lowered by ca. 0.5 in 60% MeOH in H,0. A greater depression in ionization
or pfotonation can be observed in mixtures of acetone, dioxane, etc., with
H,O. Thus, any positive effect of an organic solvent on pH,,,, due to an in-
crease in Sy of a drug molecule may be negated by the depression of its ion-
ization. The net effect might be such that the pH_,, of the molecule becomes
even less favorable to salt formation. The most positive effect of organic sol-
vents on salt formation is the decrease in salt solubility, when suitable organ-
ic solvents with relatively low dielectric constants are uséd [33]. This favors
crystallization and isolation of salts.

While assessing the influence of organic solvents on the salt formation of -
drugs, one should also consider their effects on the ionization of counter-ion
species used. For example, in forming salt of a basic drug with a carboxylic
acid, the organic solvent may not only decrease the pK, of the base, it may
also increase the pK, of the conjugate acid as compared to its value in H,0.
This will have a negative impact on salt formation.

Thus, due to conflicting effects of organic solvents on Sy, pK,, PHpax
salt solubility, efc., the study of pH-solubility relationships of drugs in aque-
ous media remains the most useful tool in assessing the feasibility of salt
formation. Organic solvents may, however, be conveniently be used to iso-
late salts. If, under certain circumstances, a salt is obtained from an or-
ganic solvent despite an unfavorable pH-solubility relationship in an aque-
ous medium, one should keep in mind that such a salt would be prone to dis-
proportionation in presence of H,O or moisture to produce its free acid or
base form. Therefore the salt may not be optimal for dosage form develop-
ment.

o
;
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3. Selection of Physical Form

In the above section, we discussed how a rational strategy for the selec-
tion of chemical forms of salts can be developed based on the application of
pH-solubility principles. Whether certain counter-ions have potentials for
salt formation with a particular drug can be determined from a pH—solubil-
ity profile of the drug and the location of pH,,,, values in the solubility pro-
file. If it becomes obvious from such an analysis that a stable salt would not
form, no attempt should be made to synthesize such a salt, thus saving time
and efforts in the salt-selection program. However, many drugs can still form
multiple salts, and the number of potential salts depends on pK, and $; val-
ues. When the synthesis of multiple salts is feasible, it is important to narrow
down the number of salts and ultimately select the optimal salt form based
on physicochemical characterization of solids.

3.1. A Multi-Tier Approach

Morris et al. [34] reported a multi-tier approach whereby salts can be
screened for their optimal physical form. An updated version of this approach
is shown schematically in Fig. 12. In this approach, certain physicochemical
properties of salts are studied at each tier, and critical ‘Go/No Go’ decisions
are made based on the results of those studies. The number of tiers usually

Tier 1 a Crystallinity (visual, microscopy)
m Crystaliization from different solvents
= Agueous solubility, including
microscopic examination of suspended sofid

Tier 2 » Evaluation of crystalline form

(powder X-ray diffraction, hot-stage microscopy)
= Thermal properties (DSC, TG)
m Hygroscopicity

Tier 3 » Humidity/temperature-dependent changes in
crystal form {powder X-ray, DSC, TG, VT-XRD, elc.)

Tier 4 = Bioavailability screening (optional)
Stress stability
®» Scale-up considerations

v
Final Form

Fig. 12. Schematic representation of a multi-tier approach for the selection of optimal sall
Jform for a drug .
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depends on the number of salt forms available for a compound. Various
methods for the characterization of physicochemical properties of salts have
been described in Chapt. 3 which can be applied in a systematic manner in
the salt-selection process as discussed here.

In Tier 1, the crystallinity of salts is examined by simple visual or micro-
scopic method. If the results of visual and microscopic examinations are incon-
clusive, powder X-ray diffraction may be used. Equipment is now available for
the use of relatively small sample in powder X-ray diffraction studies. If a par-
ticular salt is found to be noncrystalline, attempts are made to crystallize it from
alternate solvents. In many cases, more than one solvent is tried for the crys-

- tallization of drugs. Aqueous solubilities are then determined for those salts that
are found to be crystalline. During the determination of agueous solubility,
excess solids in equilibrium with solutions are examined to determine any
change in crystal form. Based on these studies, salts that are deemed to have
acceptable crystallinity and aqueous solubility are elevated to Tier 2. Which
aqueous solubility is acceptable for a particular drug often depends on the
scope of the drug-development project. If a salt needs to be administered as a
solution, a certain minimum solubility might be necessary depending on the
dose. For a salt designed specifically for oral administration as a solid dosage
form, it is not necessary that a salt with the highest aqueous solubility must be
chosen; a salt with a relatively low solubility can also provide adequate disso-
lution rate for the product. Since many salts and their solid forrns may possibly
be produced at this stage, any attempt to conduct full physicochemical charac-
terization of all those forms should be restricted at this time, because the re-
sults would be useless if the salts are not elevated to the next higher tier. For
this reason, the microscopic examination of salts is recommended in Tier /, and
powder X-ray diffraction should be used only if microscopic studies are incon-
clusive. It should also be mentioned that an amorphous form of drug should be
elevated to Tier 2 only in exceptional situations.

In Tier 2, an in-depth characterization of crystal properties are conducted
by using such techniques as powder X-ray diffractton, hot-stage microscopy.,
differential scanning calorimetry, thermal gravimetric study, and so forth. Hy-
groscopicity of salts as a function of relative humidity is also studied in this
tier. Based on crystal properties and hygroscopicity, certain salts are then ele-
vated to the next higher tier. If any salt selected in Tier 2 is found to exist as a
hydrate or solvate, or if it is found to be hygroscopic, further studies in Tier 3
are conducted to determine the effect of temperature and humidity on the crys-
tal form, In this way, the number of salts elevated to Tier 4 can be minimized.

Salts selected in Tier 3 are subjected to accelerated stability testing in Tier
4. Effects of temperature, humidity, and light are usually studied. If neces-
sary, any potential incompatibility of salts with selected excipients and the
effect of processing conditions on salt properties may also be studied at this
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tier. Since the stress stability testing of salts is labor-intensive and require
much time, conducting this study in Tier 4 with a limited number of salts
avoids the generation of unnecessary data with other salt forms. Screening
for the polymorphism of saits may also be conducted in Tier 4 by crystalliza-
tion from different solvent systems. Again, time and effort are saved by con-
ducting polymorphism screening in this tier rather than with a larger number
of chemical forms at an earlier tier.

Salts are usually prepared in test tubes and beakers during salt screening.
However, prior to selecting a salt for development, appropriate consideration
must be given in Tier 4 whether the manufacturing process can be scaled up,
and what would be the relative ease or difficulty in the scale-up of different
salts studied in this tier. In many cases, bioavailability testing of different salt
and acid/base forms of drugs in animal models is also conducted at this sta-
ge. A dog model is commonly used. However, to save developmental time
and resources, one must be judicious in determining whether the bioavailabil-
ity test should be conducted or not. The salt formation is an additional step
in the manufacture of a drug substance. If a free acid or base has acceptable
physicochemical ‘properties and has comparable bioavailability to its salt
forms, the free form of the compound might be preferred for development.
Prior to reaching such a decision, a comparative bioavailability testing bet-
ween a salt and the free form might be necessary. However, if the physico-
chemical properties clearly indicate that a salt form would have superior bi-
cavailability (for example, the free form is extremely water-insoluble), a
comparative bioavailability testing will not be necessary for the selection of
a salt form. Similarly, a comparative bioavailability testing of different sait
forms would not be necessary if the salts have acceptable dissolution rates,
even though their aqueous solubilities might differ to a.considerable extent.

Morris et al. [34] applied the above multi-tier approach for selecting the
optimal salt form for an HMG-CoA reductase inhibitor containing a carbox-
ylic group as the acidic functionality. Seven crystalline salt forms, namely,
sodium, potassium, calcium, zinc, magnesium, arginine, and lysine, were
synthesized and the arginine salt form was ultimately selected for develop-
ment. The authors suggested that with such a systematic approach the entire
salt-selection process can be completed in 4—6 weeks. Engel et al. [28] has

recently adopted this multi-tier approach in selecting the methanesulfonate

salt form for a basic drug.

4. Salt-Selection Timing

Morris et al. [34)] pointed out that the selection of suitable chemical forms
of new drug candidates, which includes salt selection, must be done at the
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early stage of drug development. This is because any later change in salt form
may require repeating many of the developmental studies conducted prior to
the change, with the consequent negative impact on the development time
and cost. To prepare salts with good biopharmaceutical properties, certain at-
tributes must be built into drug molecules. Therefore, the most appropriate
time to start thinking about salt selection of any potential development can-
didate is in the drug discovery phase. Due to the pressure of bringing new
drugs from discovery laboratories to the marketplace in the shortest possible
time, the traditional discovery—development interface is getting blurred and
more and more development scientists are participating in drug discovery
working groups [35]. As a part of the overall developability assessment of
new drug candidates, it is during this time that the developmental scientists
should make assessment for the feasibility of salt formation. When a selec-
tion is made from among many potential candidates, some of the molecules
may be more-suitable for salt formation than the others. Also, when the me-
dicinal chemists are still in the discovery mode, they might be able to make
chemical modifications in molecules to facilitate salt formation.

Much of the assessment at the drug-discovery stage for the feasibility of
salt formation can be done in silico based on physicochemical principles out-
lined in the present chapter, and any experimental work needed might be
minimal. The actual synthesis and characterization of salts for the purpose of
selecting an optimal form for development should preferably start as soon as
a developmental candidate 1s identified. In many cases, the selection begins
through prospective research before drug molecules are officially handed
over to development groups. Morris et al. [34] noted that the salt selection
can be removed from critical development path by completing the selection
when the ¢hemists are still involved with the scaling up of the synthetic pro-
cess. According to them, a systematic salt selection may be completed in as
little as 4 — 6 weeks.

5. Salt-Selection Team

The selection of optimal salt forms of new drug candidates involves a
multi-disciplinary team approach. The team may even decide that a salt is not
warranted for a particular drug, and a free acid or base form should be used
instead. Since the ultimate use of a salt is in a dosage form, the formulation
needs must carefully be addressed in the selection process. At the same time,
a salt, as a drug substance, must be easily synthesized and manufactured. In
addition, various analytical tools and techniques are required to characterize
different salts prepared during the salt selection. For these reasons, in most
pharmaceutical companies, representatives from pharmaceutics, chemical
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process development, and analytical research form core salt-selection team.
Medicinal chemists from drug discovery make the original synthesis of drug
molecules and can provide valuable input towards the synthesis of salts. Rep-
resentatives from drug metabolism/pharmacokinetics address various bio-
availability issues and, if necessary, conduct experimental work in animal
models to compare absorption and bioavailability of different chemical and
physical forms. Therefore, representatives from these two disciplines partici-
pate in the expanded salt-selection team. Inputs from drug safety and mar-
keting are also necessary for the selection of certain salt forms.

6. Summary and Conclusions

In this chapter, a systematic strategy for the selection of optimal salt
forms for acidic and basic drugs has been described. The selection of an op-
timal salt form for a drug involves the selection of both chemical and phys-
ical forms. At the end of a study, it might also be concluded that a salt form
is not suitable for a particular drug, and the free acid or base form is pre-
ferred. Based on physicochemical principles described in this chapter, it is
hoped that some of the ‘trials and errors’ usually associated with salt selec-
tion can be avoided, thus saving valuable time and resources in a drug-devel-
opment program.

Several topics of experimental, physicochemical, and procedural nature
as described in this chapter are summarized below. They should be regarded
as essential building blocks of any effective salt-selection strategy.

1. The first consideration in any salt-selection program is to determine
whether a compound is amenable to salt formation. The presence of an
ionizable moiety for an acidic drug and a protonatable moiety for a basic
drug does not necessarily mean that a salt would be formed. To form a
salt, the pH of the aqueous solution (or suspension) of an acidic drug
must be adjusted above its pH,,,,, value, and, for a basic drug, the pH of
the solution must be below its pH, ... Counter-ions used to form salts
must be suitable to achieve such pH conditions. Otherwise, salts would
not be formed. From this consideration, it can be determined whether the
salt formation might be feasible for a particular compound, and, if so,
which counter-ions should be tested.

2. The pH,,,, principles have been discussed in detail in Chapt. 2 of this
volume. The pH,,,, value for a particular drug can be determined experi-
mentally from the pH—solubility study. It can also be estimated theoreti-
cally form a knowledge of pK, and solubilities of free and salt forms of
the compound. It is not necessary that pH-solubility profiles for a partic-
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ular compound should be determined with all counter-ions considered for
salt formation. A profile of the compound with only one suitable counter-
ion can give a fairly good idea of its pH,,, value. A reasonably good es-
timate of the pH,,,, value can also be obtained from a theoretical pH-sol-
ubility profile generated from S, and pK, values, even without the solu-
bility of a salt form.

3. Multiple pH,,,x values might exist for compounds with more than one
ionizable or protonatable groups. pH-Solubility and pH_, ., principles are
also applicable in determining whether such a compound would form a
mono-salt or multi-salt (e.g., disalt) with a particular counter-ion. Mono-
or multi-salts may selectively be synthesized by using appropriate coun-
ter-ions.

4. It is granted that aqueous solutions alone are not always used to prepare
salts, and mixtures of aqueous and organic solvents are often used. The-
re are, however, conflicting effects of organic solvents o Sy, pK,, and
salt solubility, and, as a consequence, the pH,,, may be positively or neg-
atively impacted. The major advantage of using an organic solvent is to
lower dielectric constant of the solvent system used, which generally de-
creases solubility of salts and thus facilitates their crystallization and iso-
lation from solvents. In certain situations, a salt that would not normally
exist in an aqueous medium might be formed in a cosolvent system due
to a more favorable pH,, value. However, such a salt might dispropor-
tionate into its free unionized or nonprotonated form, when it contacts an
agueous medium. For these reasons, pH-solubility relationships of drugs
in aqueous media remains the most useful tool in assessing the feasibil-
ity of salt formation.

5. In selecting counter-ions for salts, the fact should be considered that cer-
tain counter-ions can exert significantly more pronounced common-ion
effects in aqueous solubilities than others. Salts formed with relatively
stronger counter-ions {e.g., hydrochloride salt, sodium salt, efc.) are rel-
atively more affected by counter-ion than the salts formed with relative-
ly weaker counter-ions (e.g., salts with carboxylic acid, amine, etc.).

6. When several salts for a particular compound are synthesized, physico-
chemical tests to characterize solids can be conducted at different tiers
with a ‘Go/No Go’ decision at the end of each tier of testing the salts. By
a systematic multi-tier approach, many different salt forms can be screened
for their physicochemical properties with the minimum of experimental

, : effort.

7. Finally, the salt selection is a team approach with representatives from
pharmaceutics, chemical process development, and analytical chemistry
forming the core salt-selection team. Representatives from drug discov-
ery, drug metabolism/pharmacokinetics, drug safety, and other disciplines
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participate, as needed, in an expanded team. Through such teamwork and
with proper planning, the sait selection can be removed from the critical
development path, thus accelerating drug development.
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