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SOLID STATE FORMS OF SITAGLIPTIN SALTS

FIELD OF THE INVENTION
[0001] The invention relates to crystalline forms of Sitagliptin salts, processes for

preparing the crystalline forms, and pharmaceutical compositions thereof.

BACKGROUND OF THE INVENTION
[0002] Sitagliptin, (3R)-3-amino-1-[9-(trifluoromethyl)-1,4,7,8-tetrazabicyclo-
[4.3.0]nona-6,8-dien-4-yl]-4-(2,4,5-trifluorophenyl)butan-1-one, has the following

chemical structure:

F
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N =N
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CF;
Sitagliptin
[0003] Sitagliptin phosphate is a glucagon-like peptide 1 metabolism modulator,

hypoglycemic agent, and dipeptidyl peptidase IV inhibitor. Sitagliptin is currently
marketed in the United States as its phosphate salt in its monohydrate form under the trade
name JANUVIA™. JANUVIA™ is indicated to improve glycemic control in patients

with type 2 diabetes mellitus.

[0004] The following PCT Publications describe the synthesis of Sitagliptin via
stereoselective reduction: WO 2004/087650, WO 2004/085661, and WO 2004/085378.

[0005] Several crystalline forms of Sitagliptin phosphate are described in the
literature. WO 2005/020920 describes crystalline forms I, II, III, and an ethanol solvate;
WO 2005/030127 describes crystalline form I'V; WO 2005/003135 describes a
monohydrate form; and WO 2006/033848 described the amorphous form.

[0006] Crystalline forms of certain Sitagliptin salts are described in PCT
publications nos. WO 2009/085990, WO 2010/000469, and WO 2010/012781.
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[0007] Polymorphism, the occurrence of different crystal forms, is a property of
some molecules and molecular complexes. A single molecule may give rise to a variety of
polymorphs having distinct crystal structures and physical properties like melting point,
thermal behaviors (e.g., measured by thermogravimetric analysis — “TGA”, or differential
scanning calorimetry — “DSC”), x-ray diffraction pattern, infrared absorption fingerprint,
and solid state NMR spectrum. One or more of these techniques may be used to

distinguish different polymorphic forms of a compound.

[0008] Discovering new polymorphic forms and solvates of a pharmaceutical
product can provide materials having desirable processing properties, such as ease of
handling, ease of processing, storage stability, and ease of purification or as desirable
intermediate crystal forms that facilitate conversion to other polymorphic forms. New
polymorphic forms and solvates of a pharmaceutically useful compound or salts thereof
can also provide an opportunity to improve the performance characteristics of a
pharmaceutical product. It enlarges the repertoire of materials that a formulation scientist
has available for formulation optimization, for example by providing a product with
different properties, e.g., better processing or handling characteristics, improved
dissolution profile, or improved shelf-life. For at least these reasons, there is a need for

additional polymorphs of Sitagliptin (or a salt thereof).
[0009] The present invention discloses solid state forms of Sitagliptin salts.
SUMMARY OF THE INVENTION

[0010] The present invention provides crystalline forms of Sitagliptin salts and
processes for preparing them. The present invention also provides the use of these salts

for the preparation of Sitagliptin phosphate.

[0011] The invention further provides pharmaceutical compositions comprising the
below described crystalline forms of Sitagliptin salts. This pharmaceutical composition

may additionally comprise at least one pharmaceutically acceptable excipient.

[0012] The invention further provides the use of the solid state forms described

below for the manufacture of a medicament for the treatment of type 2 diabetes mellitus.
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BRIEF DESCRIPTION OF THE FIGURES

[0013] Figure 1 provides a powder XRD pattern of crystalline Form S9 of
Sitagliptin sulfate.
[0014] Figure 2 provides a powder XRD pattern of crystalline Form 12 of

Sitagliptin L-malate.

[0015] Figure 3 provides a powder XRD pattern of crystalline Form E2 of
Sitagliptin acetate.

[0016] Figure 4 provides a powder XRD pattern of crystalline Form III of
Sitagliptin HCL.

[0017] Figure 5 provides a powder XRD pattern of crystalline Form IV of
Sitagliptin HCL.

[0018] Figure 6 provides a powder XRD pattern of crystalline Form V of
Sitagliptin HCL.

[0019] Figure 7 provides a powder XRD pattern of crystalline Form S10 of
Sitagliptin sulfate.

[0020] Figure 8 provides a powder XRD pattern of crystalline Form S11 of
Sitagliptin sulfate.

[0021] Figure 9 provides a powder XRD pattern of crystalline Form S12 of
Sitagliptin sulfate.

[0022] Figure 10 provides a powder XRD pattern of crystalline Form S7 of
Sitagliptin sulfate.

[0023] Figure 11 provides a powder XRD pattern of crystalline Form S14 of
Sitagliptin sulfate.

[0024] Figure 12 provides a powder XRD pattern of crystalline Form S13 of
Sitagliptin sulfate.
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[0025] Figure 13 provides a powder XRD pattern of crystalline Form S16 of
Sitagliptin sulfate

[0026] Figure 14 provides a powder XRD pattern of crystalline Form E3 of
Sitagliptin acetate.

[0027] Figure 15 provides a powder XRD pattern of crystalline Form E4 of
Sitagliptin acetate.

[0028] Figure 16 provides a powder XRD pattern of crystalline Form E2 of
Sitagliptin acetate.

[0029] Figure 17 provides a powder XRD pattern of crystalline Form S13 of
Sitagliptin sulfate.

[0030] Figure 18 provides a powder XRD pattern of crystalline Form S13 of
Sitagliptin sulfate.

[0031] Figure 19 provides a powder XRD pattern of crystalline Form S17 of
Sitagliptin sulfate.

[0032] Figure 20 provides a powder XRD pattern of crystalline Form S18 of
Sitagliptin sulfate.

[0033] Figure 21 provides a solid state '>*C NMR spectrum of crystalline Form E4
of Sitagliptin acetate in the 0-200 ppm range.

[0034] Figure 22 provides a solid state '>*C NMR spectrum of crystalline Form E4
of Sitagliptin acetate in the 100-190 ppm range.

[0035] Figure 23 provides a solid state '>*C NMR spectrum of crystalline Form S14
of Sitagliptin sulfate in the 0-200 ppm range.

[0036] Figure 24 provides a solid state '>*C NMR spectrum of crystalline Form S14
of Sitagliptin sulfate in the 100-190 ppm range.

[0037] Figure 25 provides a solid state '>*C NMR spectrum of crystalline Form S16
of Sitagliptin sulfate in the 0-200 ppm range.
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[0038] Figure 26 provides a solid state '>*C NMR spectrum of crystalline Form S16
of Sitagliptin sulfate in the 100-190 ppm range.

[0039] Figure 27 provides a powder XRD pattern of crystalline Form S9 of
Sitagliptin sulfate.

[0040] Figure 28 provides a powder XRD pattern of amorphous Sitagliptin sulfate.
[0041] Figure 29 provides a powder XRD pattern of crystalline Form 13 of

Sitagliptin L-malate.

[0042] Figure 30 provides a powder XRD pattern of crystalline Form 14 of
Sitagliptin L-malate.

[0043] Figure 31 provides a powder XRD pattern of crystalline Form 15 of
Sitagliptin L-malate.

[0044] Figure 32 provides a solid-state *C NMR spectrum of Sitagliptin acetate
Form I3 in the 0-190 ppm range.

[0045] Figure 33 provides a solid-state *C NMR spectrum of Sitagliptin acetate
Form I3 in the 100-190 ppm range.

[0046] Figure 34 provides a solid-state *C NMR spectrum of Sitagliptin acetate
Form 14 in the 0-190 ppm range.

[0047] Figure 35 provides a solid-state *C NMR spectrum of Sitagliptin acetate
Form 14 in the 100-190 ppm range.

[0048] Figure 36 provides a powder XRD pattern of crystalline Form S19 of
Sitagliptin sulfate.

[0049] Figure 37 provides a powder XRD pattern of crystalline Form S6 of
Sitagliptin sulfate.

[0050] Figure 38 provides a powder XRD pattern of crystalline Form 11 of
Sitagliptin L-malate.
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[0051] Figure 39 provides a powder XRD pattern of crystalline Form E1 of
Sitagliptin acetate.

[0052] Figure 40 provides a powder XRD pattern of crystalline Form S7 of
Sitagliptin sulfate.

[0053] Figure 41 provides a powder XRD pattern of crystalline Form S3 of
Sitagliptin sulfate.

[0054] Figure 42 provides a powder XRD pattern of crystalline Forms S20 of
Sitagliptin sulfate.

DETAILED DESCRIPTION OF THE INVENTION

[0055] The present application relates to new polymorphic forms of Sitagliptin
salts.
[0056] A crystal form (or polymorph) may be referred to herein as substantially

free of any other crystalline (or polymorphic) forms. As used herein in this context, the
expression “substantially free” will be understood to mean that the crystalline form
contains 20% or less, 10% or less, 5% or less, 2% or less, or 1% or less of any other form
of the subject compound as measured, for example, by XRPD. Thus, polymorphs of
Sitagliptin salts described herein as substantially free of any other polymorphic forms
would be understood to contain greater than 80% (w/w), greater than 90% (w/w), greater
than 95% (w/w), greater than 98% (w/w), or greater than 99% (w/w) of the subject
polymorphic form of Sitagliptin. Accordingly, in some embodiments of the invention, the
described polymorphs of Sitagliptin salts may contain from 1% to 20% (w/w), from 5% to

20% (w/w), or from 5% to 10% (w/w) of one or more other crystal forms of Sitagliptin.

[0057] A crystal form may be referred to herein as being characterized by
graphical data “as shown in” a Figure. Such data include, for example, powder X-ray
diffractograms and solid state NMR spectra. The skilled person will understand that such
graphical representations of data may be subject to small variations, e.g., in peak relative
intensities and peak positions due to factors such as variations in instrument response and
variations in sample concentration and purity, which are well known to the skilled person.
Nonetheless, the skilled person would readily be capable of comparing the graphical data

in the Figures herein with graphical data generated for an unknown crystal form, and



WO 2011/123641 PCT/US2011/030719

confirm whether the two sets of graphical data are characterizing the same crystal form or

two different crystal forms.
[0058] As used herein, the abbreviation "STG" refers to Sitagliptin.

[0059] As used herein, the abbreviation “XRD” is used to refer to “X-ray
diffraction,” for example when stating that a crystalline form is characterized by a
“powder XRD pattern with peaks at. . ..” The abbreviation “XRD” is also used as an
abbreviation for the expression “X-ray diffractogram,” for example, when stating that a

crystalline form is characterized by “a powder XRD as shown in Figure A.”

[0060] As used herein, the term “room temperature” refers to a temperature of
about 20°C to about 35°C, or about 25°C to about 35°C, or about 25°C to about 30°C, for
example, about 25°C.

[0061] As used herein, the term “overnight” refers to a time interval from about 14

hours to about 24 hours, or about 14 hours to about 20 hours, for example, about 16 hours.

[0062] As used herein, the expression “chemical shift difference” refers to the
difference in chemical shifts between a reference signal and another signal in the same
NMR spectrum. These chemical shift differences serve to provide an additional analytical
measurement for a substance, for example a crystalline form of Sitagliptin salt according
to the present invention, which will compensate for a phenomenon that may occur in NMR
spectroscopy wherein a shift in the solid-state NMR "fingerprint” is observed. Such a shift
in the NMR peaks may occur, for example as a result of variations in the instrumentation,
the temperature, or the calibration method used in the NMR analysis. This shift in the
solid-state NMR "fingerprint”, having chemical shift resonances at a certain positions, is
such that even though the individual chemical shifts of signals have moved, all the peaks
in the spectrum are moved by the same amount, such that the difference between chemical
shifts of each signal and another selected signal is retained. This chemical shift difference
provides data that may thus be used as a reliable characterization of the material being

analyzed even when there is a shift in the overall solid-state NMR "fingerprint”.

[0063] In the present patent application the chemical shift differences were
calculated by subtracting the chemical shift value of the signal exhibiting the lowest

chemical shift (reference signal) in the solid state '?°C NMR spectrum in the range of 100
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to 190 ppm from chemical shift value of another (observed) signal in the same *CNMR
spectrum in the range of 100 to 190 ppm.

[0064] Unless indicated otherwise, the solid state forms of the present invention
can be dried. Drying may be carried out, for example, at elevated temperature under
reduced pressure. The crystalline form can be dried at a temperature from about 40°C to
about 60°C, or about 40°C to about 50°C, for example, about 40°C. The drying can be
carried out under reduced pressure (i.e., less than 1 atmosphere, for example, about 10
mbar to about 100 mbar, or about 10 mbar to about 25 mbar). The drying can take place
over a period of about 8 hours to about 36 hours, or about 10 hours to about 24 hours, for

example, about 16 hours. Drying can be carried out overnight.

[0065] As used herein, Sitagliptin sulfate Form S2 refers to a crystalline Sitagliptin
sulfate characterized by a powder XRD pattern with peaks at 9.3°, 9.7°, 15.2°, 15.6°, and
25.4°+0.2° 20. Sitagliptin sulfate Form S2 can be obtained, for example, by forming a
solution of Sitagliptin base in acetonitrile; combining the solution with sulfuric acid to
form a precipitate; and isolating the obtained precipitate; wherein, the sulfuric acid is used
at a mol ratio of about 1:0.5 of Sitagliptin base to sulfuric acid, e.g., as indicated in PCT

application No. PCT/US10/29098.

[0066] As used herein, Sitagliptin sulfate Form S3 refers to a crystalline Sitagliptin
sulfate characterized as shown in Figure 41. It can be also characterized by a powder
XRD pattern with peaks at 7.4°, 16.1°, 18.3°, and 24.9° £ 0.2° 20. Sitagliptin sulfate
Form S3 can be obtained, for example, by forming a solution of Sitagliptin base in ethyl
acetate; combining the solution with sulfuric acid to form a precipitate; and isolating the
thus-obtained precipitate; wherein, the sulfuric acid is used at a mol ratio of about 1:0.5 of
Sitagliptin base to sulfuric acid, e.g., as indicated in PCT application No.

PCT/US10/29098.

[0067] As used herein, Sitagliptin sulfate Form S6 refers to a crystalline Sitagliptin
sulfate characterized by a powder XRD pattern as shown in Figure 37. It can be also
characterized by a powder XRD pattern with peaks at 5.5°, 13.4°, 15.1°, 19.0°, and 21.1°
+0.3° 20. Sitagliptin sulfate Form S6 can be obtained, for example, by forming a solution
of Sitagliptin base in ethyl acetate; combining the solution with sulfuric acid to form a

precipitate; and isolating the obtained precipitate; wherein the sulfuric acid is used at a
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mol ratio of about 1: 0.5 of Sitagliptin base to sulfuric acid. The obtained precipitate can

be further dried, e.g., as indicated in PCT application No. PCT/US10/29098.

[0068] As used herein, Sitagliptin L-malate Form 11 refers to a crystalline
Sitagliptin L-malate characterized by a powder XRD pattern as shown in Figure 38. It can
be also characterized by a powder XRD pattern with peaks at 6.0°, 8.0°, 12.8°, 18.0°, and
20.4° £+ 0.2° 20. Form I1 can be prepared, for example, by forming a solution of
Sitagliptin base in acetonitrile; combining the solution with L-malic acid to form a
precipitate; and isolating the obtained precipitate; wherein the sulfuric acid is used at a
mol ratio of about 1:1 of Sitagliptin base to L-malic acid. The obtained precipitate can be

further dried, e.g., as indicated in PCT application No. PCT/US10/29098.

[0069] As used herein, Form E1 refers to a crystalline form of Sitagliptin acetate,
characterized by a powder XRD pattern as shown in Figure 39. It can be also
characterized by a powder XRD pattern with peaks at 6.2°, 11.1°, 12.5°, 17.7°, and 18.4°
+0.2° 20. Form E1 can be prepared, for example, by a process comprising forming a
solution or a slurry of Sitagliptin base in ethyl acetate; combining the solution or the slurry
with acetic acid to form a precipitate; and isolating the obtained precipitate, e.g., as

indicated in PCT application No. PCT/US10/29098.

[0070] As used herein, Form S7 refers to a crystalline form of Sitagliptin sulfate
characterized by a powder XRD pattern as shown in Figure 40. It can be also
characterized by a powder XRD pattern with peaks at 5.2°, 15.6°, 16.6°, 18.7°, and 21.1° +
0.2° 20, as indicated in PCT application No. PCT/US10/29098.

[0071] As used herein, Sitagliptin L-malate Form II refers to a crystalline form of
Sitagliptin L-malate as described in PCT Publication No. W020100000469.

[0072] The present invention provides novel crystalline forms of Sitagliptin
sulfate. The provided new forms of Sitagliptin sulfate preferably have advantageous
properties selected from at least one of: high crystallinity, solubility, dissolution rate,
morphology, thermal and mechanical stability to polymorphic conversion and/or to
dehydration, storage stability, low content of residual solvent, a lower degree of
hygroscopicity, flowability, and advantageous processing and handling characteristics

such as compressibility, and bulk density.
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[0073] In particular, the crystalline forms of Sitagliptin sulfate disclosed herein are

advantageous in combining the two properties: high crystallinity and high water solubility.

[0074] In one embodiment, the present invention provides a crystalline Sitagliptin
sulfate, designated Form S9. Form S9 can be characterized by a powder XRD pattern with
peaks at 12.7°, 15.7°, 17.7°, 21.0°, and 21.9° + 0.2° 20; or by a powder XRD pattern as

shown in Figure 1; or by combinations thereof.

[0075] Alternatively, Sitagliptin sulfate Form S9 can be characterized by a powder
XRD pattern with peaks at 7.8°, 12.7°, 13.7°, 14.9°, 15.3°, 15.7°, 17.7°, 19.5°, 21.0°, and
21.9°4+0.2° 20. In addition, Sitagliptin sulfate Form S9 can be characterized by any

combination of the above data.

[0076] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S10. Form S10 can be characterized by a powder XRD
pattern with peaks at 6.4°, 15.5°, 16.6°, 19.3°, and 21.3° = 0.2° 20; or by a powder XRD as

shown in Figure 7; or by combinations thereof.

[0077] Alternatively, Form S10 can be characterized by a powder XRD pattern
with peaks at 6.4°, 15.5°, 16.6°, 18.9°, 19.3°, 19.8°, 20.1°, 20.8°, 21.3°, and 22.8° + 0.2°
20. In addition, Sitagliptin sulfate Form S10 can be characterized by any combination of

the above data.

[0078] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S11. Form S11 can be characterized by a powder XRD
pattern with peaks at 3.9°, 7.9°, 11.8°, 16.4°, and 17.8° £ 0.2° 20; or by a powder XRD as

shown in Figure 8; or by combinations thereof.

[0079] Alternatively, Form S11 can be characterized by a powder XRD pattern
with peaks at 3.9°,7.9°, 11.8°, 15.8°, 16.4°, 17.8°, 20.3°, 21.4°, and 24.1°+ 0.2° 20. In
addition, Sitagliptin sulfate Form S11 can be characterized by any combination of the

above data.

[0080] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S12. Form S12 can be characterized by a powder XRD as

shown in Figure 9.

10
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[0081] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S13. Form S13 is methanol solvate. Form S13 can be

characterized by a powder XRD pattern with peaks at 5.6°, 8.5°, 16.6°, 17.4°, and 19.0°
0.2°20; or by a powder XRD as shown in Figure 18; or by combinations thereof.

[0082] Alternatively, Form S13 can be characterized by a powder XRD pattern
with peaks at 5.6°, 8.5°,9.9°, 10.3°, 16.6°, 17.4°, 18.6°, 19.0°, 21.0°, and 25.2°+ 0.2° 20. In
addition, Sitagliptin sulfate Form S13 can be characterized by any combination of the

above data.

[0083] Alternatively, Form S13 can be characterized by a powder XRD pattern
with peaks at 5.6°, 8.5°,9.9°, 10.3°, 16.6°, 17.4°, 19.0°, 21.0°, and 25.2° + 0.2° 20. In
addition, Sitagliptin sulfate Form S13 can be characterized by any combination of the

above data.

[0084] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S14. Form S14 is a hydrate, for example, a monohydrate.
Form S14 can be characterized by data selected from: a powder XRD pattern with peaks at
9.1°,10.3° 18.6° 21.6° and 22.7° £ 0.2° 20; a powder XRD as shown in Figure 11; a
solid-state *C NMR spectrum with signals at 122.3, 151.2 and 170.2 + 0.2 ppm; a solid-
state *C NMR spectrum having chemical shift differences between the signal exhibiting
the lowest chemical shift and another in the chemical shift range of 100 to 190 ppm of
18.8, 47.7 and 66.7 £ 0.1 ppm; a solid-state *C NMR spectrum is depicted in Figures 23
or 24; and any combinations thereof. In the above embodiment, the signal exhibiting the
lowest chemical shift in the chemical shift area of 100 to 190 ppm is typically at about
103.5 £ 1 ppm.

[0085] Alternatively, Form S14 can be characterized by a powder XRD pattern
with peaks at 9.1°, 10.3°, 18.6°, 19.5°, 21.6°, 22.7°, 24.1°, 25.2°, and 27.0°+ 0.2° 20. In
addition, Sitagliptin sulfate Form S14 can be characterized by any combination of the

above data.

[0086] As discussed above, a high degree of crystallinity is generally a desired
property for pharmaceutical materials, primarily because in general, crystalline materials

demonstrate higher chemical stability compared to their less-ordered counterparts. On the

11
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other hand, a significant advantage of disordered materials is their higher solubility

relatively to their crystalline counterparts.

[0087] Crystalline form S14 of Sitagliptin sulfate demonstrated both of these two
properties, i.¢., it possesses both high crystallinity and high water solubility.

[0088] For example, the X-ray powder diffraction pattern of Form S14 indicates
that it is highly crystalline. In addition Form S14 was found to be highly soluble in

different aqueous media, as summarized in the following table:

Medium Concentration (g/mL)
pH 1.2,37°C 0.50
pH 4.5 37°C 0.50
pH 6.8 37°C 0.33
pH 7.8 37°C 0.30
Water 37°C 0.30

Solubility was tested by addition of portions of 25 mL solution to 25 mg of STG salt and
stirring it at 37°C for 1-2 minutes till dissolved. Form S14 was also found to be
chemically and polymorphically stable. No degradation or polymorphic transformation

was observed after six months at 25°C.

[0089] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S16. Form S16 is a hydrate, for example a sesquihydrate.
Form S16 can be characterized by data selected from: a powder XRD pattern with peaks at
9.2°,16.3°, 18.5° 20.6° and 23.8° £ 0.2° 20; a powder XRD as shown in Figure 13; a
solid-state *C NMR spectrum with signals at 120.8, 150.0 and 171.1 + 0.2 ppm; a solid-
state *C NMR spectrum having chemical shift differences between the signal exhibiting
the lowest chemical shift and another in the chemical shift range of 100 to 190 ppm of
16.1, 45.3 and 66.4 = 0.1 ppm; a solid-state °C NMR spectrum as depicted in Figures 25

or 26; and any combination thercof. In the above embodiment, the signal exhibiting the

12
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lowest chemical shift in the chemical shift area of 100 to 190 ppm is typically at about
104.7 £ 1 ppm.

[0090] Alternatively, Form S16 can be characterized by a powder XRD pattern
with peaks at 7.0°, 9.2°, 16.3°, 16.8°, 18.5°, 19.1°, 20.6°, 23.8°, 24.5°, and 26.1° + 0.2° 20.
In addition, Sitagliptin sulfate Form S16 can be characterized by any combination of the

above data.

[0091] The X-ray powder diffraction pattern of Form S16 indicates that it is highly
crystalline. Form S16 has further been found to be freely soluble according to the
classification of the European Pharmacopoeia Commission 01/2008:5110. About 100 mg
of Sitagliptin sulfate Form S16 has been found to be soluble in 1 mL of water.

[0092] Another advantage observed for Form S16 is that this crystal form
demonstrates a constant water content (2.9%, which corresponds to the sesquihydrate).
This property of being a stoichiometric hydrate is believed to correlate to the form’s low
hygroscopicity. Low hygroscopicity is believed to positively correlate with polymorphic

stability and also to ease of handling during formulation processes.

[0093] In another embodiment, the present invention provides a crystalline
Sitagliptin sulfate, designated Form S17. Form S17 can be characterized by a powder
XRD pattern with peaks at 9.3°, 9.8°, 18.9°, 21.8° and 23.4° + 0.2° 20; or by a powder

XRD pattern as shown in Figure 19; or by combinations thereof.

[0094] Alternatively, Sitagliptin sulfate Form S17 can be characterized by a
powder XRD pattern with peaks at 9.3°, 9.8°, 17.6°, 18.9°, 19.2°, 21.8°,22.7°, 23.4°, 25.8°,
and 27.5°+0.2° 20. In addition, Sitagliptin sulfate Form S17 can be characterized by any

combination of the above data.

[0095] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S18. Form S18 can be characterized by a powder XRD
pattern with peaks at 5.1°, 7.9°, 17.9°, 23.4° and 24.6° + 0.2° 20; or by a powder XRD as

shown in Figure 20; or by combinations thereof.

[0096] Alternatively, Form S18 can be characterized by a powder XRD pattern
with peaks at 5.1°,7.9°, 17.3°, 17.9°, 18.8°,20.4°, 23.4°, 24.6°, 25.7°, and 26.5° + 0.2°
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20. In addition, Sitagliptin sulfate Form S18 can be characterized by any combination of

the above data.

[0097] In another embodiment, the present provides a crystalline Sitagliptin
sulfate, designated as Form S19. Form S19 can be characterized by a powder XRD
pattern with peaks at 16.1°, 17.5°, 18.0°, 18.7°, and 19.4°+ 0.2° 20; or by a powder XRD

as shown in Figure 36; or by combinations thereof.

[0098] Form S19 can be further characterized by additional PXRD peaks at 14.2°,
15.4°,20.7°,21.1°, and 22.1° °+ (0.2° 20.

[0099] In another embodiment, the invention provides a crystalline Sitagliptin
sulfate, designated as Form S20. Form S20 can be characterized by a powder XRD
pattern with peaks at 4.8°, 14.2°,20.2°, 21.9°, and 22.2°+ 0.2° 26; or by a powder XRD as

shown in Figure 42; or by combinations thereof.

[00100] Alternatively, Form S20 can be characterized with additional powder XRD
pattern at 5.7°, 9.4°, 9.9°, 17.0°, and 18.9°+ 0.2° 20. In addition, Sitagliptin sulfate Form

S20 can be characterized by any combination of the above data.

[00101] The present invention provides novel crystalline forms of Sitagliptin L-
malate. The provided new forms of Sitagliptin L-malate preferably have advantageous
properties selected from at least one of: high crystallinity, solubility, dissolution rate,
morphology, thermal and mechanical stability to polymorphic conversion and/or to
dehydration, storage stability, low content of residual solvent, a lower degree of
hygroscopicity, flowability, and advantageous processing and handling characteristics

such as compressibility, and bulk density.

[00102] In another embodiment, the present invention provides a crystalline
Sitagliptin L-malate, designated Form 12. Form I2 can be characterized by a powder XRD
pattern with peaks at 16.8°, 18.7°, 19.7°, 23.3°, and 26.7° + 0.2° 20; or by a powder XRD

pattern as shown in Figure 2; or by combinations thereof.

[00103] Alternatively, Sitagliptin L-malate Form 12 can be characterized by a
powder XRD pattern with peaks at 9.9°, 14.8°, 16.8°, 18.7°, 19.7°, 20.8°, 21.8°, 23.3°,
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26.7°, and 29.0° £ 0.2° 26. In addition, Sitagliptin L-malate Form 12 can be characterized

by any combination of the above data.

[00104] In another embodiment, the present invention provides a crystalline

Sitagliptin L-malate, designated Form 13.

[00105] The skilled person may characterize Form 13 by selecting one, two, three,
four, five or more characteristic peaks from the diffractogram depicted in Figure 29, that
includes peaks at 7.5°, 10.5°, 11.0°, 15.8°, 16.1°, 16.5°, 17.6°, 18.2°, 18.8°, 20.0°, 21.1°,
21.9°,22.2°,22.9°,24.3°,25.0°, 25.3°,25.9°, 26.7°, 27.7°, and 29.5° two theta = 0.2° two
theta.

[00106] Form 13 can be characterized, for example by data selected from: an X-ray
powder diffraction pattern having peaks at 15.8°, 20.0°, 21.1°, 22.2°, and 24.3° two theta +
0.2 degrees two theta; an X-ray powder diffraction pattern substantially as depicted in
Figure 29; a solid-state *C NMR spectrum with signals at about 119.2, 171.8 and 174.6 +
0.2 ppm; a solid-state *C NMR spectrum having chemical shifts differences between the
signal exhibiting the lowest chemical shift and another in the chemical shift range of 100
to 190 ppm of about 14.6, 67.2 and 70.0 + 0.1 ppm; *C NMR spectrum is depicted in
Figures 32 and 33; and by combinations therecof. Wherein, the signal exhibiting the lowest

chemical shift in the chemical shift area of 100 to 190 ppm is typically at about 104.6 = 1
ppm.

[00107] Alternatively, Form I3 can characterized by an X-ray powder diffraction
pattern having peaks at 15.8°,20.0°, 21.1°, 22.2°, and 24.3° two theta + 0.2 degrees two
theta; and also having one, two, three, four or five peaks selected from 16.5°, 18.2°, 21.9°,
25.0°, and 29.5° two theta £ 0.2 degrees two theta. For example, Form I3 can be
characterized by an X-ray powder diffraction pattern having peaks at 15.8°, 20.0°, 21.1°,
22.2°, and 24.3° two theta £ 0.2 degrees two theta, may be further characterized by an
X-ray powder diffraction pattern having additional peaks at 16.5°, 18.2°, 21.9°, 25.0°, and
29.5° two theta + 0.2 degrees two theta.

[00108] In another embodiment, the present invention provides crystalline
Sitagliptin L-malate, designated Form 14. Form 14 can be characterized by data selected
from: a powder XRD pattern with peaks at 5.4°, 5.8°, 14.7°, 21.7°, and 25.7° £ 0.2° 20; or
a by a powder XRD pattern as shown in Figure 30; a solid-state *C NMR spectrum with
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signals at about 121.3, 169.8 and 178.8 + 0.2 ppm; a solid-state >C NMR spectrum having
chemical shifts differences between the signal exhibiting the lowest chemical shift and
another in the chemical shift range of 100 to 190 ppm of about 16.9, 65.4 and 74.4 + 0.1
ppm; C NMR spectrum is depicted in Figures 34 and 35; and by combinations thereof.
Wherein, the signal exhibiting the lowest chemical shift in the chemical shift area of 100

to 190 ppm is typically at about 104.4 + 1 ppm.

[00109] In a specific embodiment, Form 14 can be characterized by a powder XRD
pattern with peaks at 5.4°, 5.8°, 14.7°, 17.9°, 18.3°, 20.1°, 21.7°, 23.5°, 25.7°, and 26.6°

two theta + 0.2 degrees two theta.

[00110] In addition, Form I4 can be characterized by any combination of the above
data.
[00111] In another embodiment, the present invention provides crystalline

Sitagliptin L-malate, designated Form I5. Form I5 can be characterized by a powder XRD
pattern with peaks at 12.6°, 15.9°, 16.8°, 19.3°, and 25.3° £ 0.2° 20; or a by a powder

XRD pattern as shown in Figure 30; or by combination thereof.

[00112] In a specific embodiment, Form I5 can be characterized by a powder XRD
pattern with peaks at 12.6°, 14.5°, 15.5°, 15.9°, 16.2°, 16.8°, 19.3°, 20.9°, 23.6°, and 25.3°

two theta + 0.2 degrees two theta.

[00113] In addition, Form I5 can be characterized by any combination of the above
data.
[00114] The present invention provides novel crystalline forms of Sitagliptin

acetate. The provided new forms of Sitagliptin acetate preferably have advantageous
properties selected from at least one of: high crystallinity, solubility, dissolution rate,
morphology, thermal and mechanical stability to polymorphic conversion and/or to
dehydration, storage stability, low content of residual solvent, a lower degree of
hygroscopicity, flowability, and advantageous processing and handling characteristics

such as compressibility, and bulk density.

[00115] In another embodiment, the present invention provides a crystalline

Sitagliptin acetate, designated Form E2. Form E2 can be characterized by a powder XRD
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pattern with peaks at 6.4°, 7.5°, 12.5°, 16.6°, and 19.4° £ 0.2° 20; or a by a powder XRD

pattern as shown in Figure 16; or by combinations thereof.

[00116] Alternatively, Form E2 can be characterized by a powder XRD pattern with
peaks at 6.4°,7.5°,12.5°, 16.1°, 16.6°, 19.4°, 21.7°, 24.7°,25.2°, and 25.9° £ 0.2° 20. In
addition, Sitagliptin acetate Form E2 can be characterized by any combination of the

above data.

[00117] In another embodiment, the present invention provides a crystalline
Sitagliptin acetate, designated Form E3. Form E3 can be characterized by a powder XRD
pattern with peaks at 4.7°, 8.1°, 13.7°, 14.2°, and 17.6° £ 0.2° 20; or by a powder XRD

pattern as shown in Figure 14; or by combinations thereof.

[00118] Alternatively, Form E3 can be characterized by a powder XRD pattern with
peaks at 4.7°, 8.1°,13.7°, 14.2°,17.6°, 19.1°, 19.6°, 22.6°, 24.7°, and 25.7° £ 0.2° 20. In
addition, Sitagliptin acetate Form E3 can be characterized by any combination of the

above data.

[00119] In another embodiment, the present invention provides a crystalline
Sitagliptin acetate, designated Form E4. Form E4 can be characterized by data selected
from: a powder XRD pattern with peaks at 4.7°, 9.4°, 14.1°, 16.0°, and 18.4°+ 0.2° 26; a
powder XRD pattern as shown in Figure 15; a solid-state *C NMR spectrum with signals
at 120.9, 177.2 and 182.2 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical
shift differences between the signal exhibiting the lowest chemical shift and another in the
chemical shift range of 100 to 190 ppm of 16.6, 72.9 and 77.9 + 0.1 ppm; a solid-state *C
NMR spectrum as shown in Figures 21 or 22; and any combination thereof. In the above
embodiment, the signal exhibiting the lowest chemical shift in the chemical shift area of

100 to 190 ppm is typically at about 104.3 = 1 ppm.

[00120] Alternatively, Form E4 can be characterized by a powder XRD pattern with
peaks at 4.7°,9.4°,10.9°, 14.1°, 16.0°, 18.4°, 20.0°, 20.5°, 21.8°, and 28.0° £ 0.2° 20. In
addition, Sitagliptin acetate Form E4 can be characterized by any combination of the

above data.

[00121] The present invention provides novel crystalline forms of Sitagliptin

hydrochloride. The provided new forms of Sitagliptin hydrochloride preferably have
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advantageous properties selected from at least one of: high crystallinity, solubility,
dissolution rate, morphology, thermal and mechanical stability to polymorphic conversion
and/or to dehydration, storage stability, low content of residual solvent, a lower degree of
hygroscopicity, flowability, and advantageous processing and handling characteristics

such as compressibility, and bulk density.

[00122] In another embodiment, the invention provides a crystalline Sitagliptin
hydrochloride, designated as Form III. Form III can be characterized by a powder XRD
pattern with peaks at 5.8°, 17.6°, 24.7°, 29.6°, and 35.7° = 0.2° 20; or by a powder XRD as

shown in Figure 4; or by combinations thereof.

[00123] Alternatively, Form III can be characterized by a powder XRD pattern with
peaks at 5.8°, 8.0°,9.9°, 17.6°,24.7°,25.2°, 28.9°,29.6°, and 35.7° + 0.2° 20. In addition,
Sitagliptin hydrochloride Form III can be characterized by any combination of the above

data.

[00124] In another embodiment, the invention provides a crystalline Sitagliptin
hydrochloride, designated as Form IV. Form IV can be characterized by a powder XRD
pattern with peaks at 7.8°, 13.6°, 19.3°, 21.4°, and 22.2° = 0.2° 20; or by a powder XRD as

shown in Figure 5; or by combinations thereof.

[00125] Alternatively, Form IV can be characterized by a powder XRD pattern with
peaks at 5.9°, 7.8°, 13.6° 15.8°, 17.6° 19.3°,21.4°,22.2°,24.9°, and 25.2° £ 0.2° 26. In
addition, Sitagliptin hydrochloride Form IV can be characterized by any combination of

the above data.

[00126] In another embodiment, the invention provides a crystalline Sitagliptin
hydrochloride, designated as Form V, characterized by a powder XRD pattern with peaks
at 5.9°,17.5°,22.1°, 25.3°, and 26.0° = 0.2° 20.; or a powder XRD as shown in Figure 6; or

combinations thereof.

[00127] Alternatively, Form V can be characterized by a powder XRD pattern with
peaks at 5.9°, 8.0°, 13.7°, 17.5°, 19.4°, 22.1°, 23.3°, 24.7°, and 25.3° + 0.2° 26. In addition,
Sitagliptin hydrochloride Form V can be characterized by any combination of the above

data.
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[00128] The above described crystalline forms of Sitagliptin salts can be used to
prepare Sitagliptin phosphate, for example by reacting any of the above mentioned
Sitagliptin salts with phosphoric acid. Alternatively, the above described forms of
Sitagliptin salts can be used to prepare Sitagliptin phosphate by reacting any of the above
mentioned Sitagliptin salt with a base to obtain free Sitagliptin free base, and to further

react it with phosphoric acid.

[00129] The present invention further encompasses 1) a pharmaceutical
composition comprising any one or combination of solid state Forms, as described above,
and at least one pharmaceutically acceptable excipient and 2) the use of any one or
combination of the above-described solid state Forms, in the manufacture of a
pharmaceutical composition. The present invention also encompasses the use of any of
the solid state forms described herein as a starting material or intermediate in the
preparation of Sitagliptin phosphate. The pharmaceutical composition can be useful for
the treatment of type 2 diabetes mellitus. Preferably, in the pharmaceutical compositions,
the solid state forms contain 20% or less, for example 10% or less, or 5% or less, or 2% or
less, or 1% or less of any other crystalline form of the respective Sitagliptin salt. The
present invention also provides crystalline forms as described above for use as a

medicament, preferably for the treatment of type 2 diabetes mellitus.

[00130] 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.

X-Ray Power Diffraction:
[00131] Unless recited otherwise, 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 sample holder with zero background was used. The scanning parameters included:
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range: 2-40 degrees two-theta; scan mode: continuous scan; step size: 0.05 deg.; and a rate

of 3 degrees/minute.

[00132] Form S13 (Figure 11) was analyzed on a Bruker X-Ray powder
diffractometer model D8 advance equipped with lynxEye position sensitive detector at a
CuKo radiation of 1.5418 A. Scan range: 2-40°. Step size: 0.05°. Time per step: 26

seconds.

[00133] The peak positions are determined by using silicon powder as an 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 the listed peaks were
corrected respectively. (No correction was performed on the presented diffractograms in

the Figure).

Solid state *C NMR spectra:
C NMR at 125MHz using Bruker Avance II+ 500

SB probe using 4mm rotors

Magic angle was set using KBr

Homogeneity of magnetic field checked using adamantane
Parameters for Cross polarization optimized using glycine
Spectral reference set according to glycine as external standard (176.03 ppm for low field
carboxyl signal)

Scanning parameters:

Magic Angle Spinning Rate:11 kHz

Pulse Program: cp with tppm15 during decoupling

Delay time: for Sitagliptin sulfate: 5s; for Sitagliptin acetate: 10s.
Contact time: 2ms

Number of Scans: 1024

For Sitagliptine acetate, the delay time was 10s instead of 5Ss.

EXAMPLES
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Example A: Sitagliptin base

[00134] Rhodium (I) chloride 1,5-cyclooctadiene complex (24.1 mg, 0.2%) and (R)-
(-)-1-[(S)-2-diphenylphosphino)ferrocenyl]ethyl di-tert-butylphosphine (56.8 mg, 0.44%)
were added to degassed methanol (20 mL). The resulting solution was stirred at 25°C,
degassed again, and then stirred for one hour at 25°C. This catalyst solution was used in

the hydrogenation described below.

[00135] (Z)-3-amino-1-(3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-a]-
pyrazyn-7(8H)-yl)-4-(2,4,5-trifluorophenyl)but-2-en-1-one (10 gr, 1 equivalent) and
methanol (50 ml) were added to a 250 ml hydrogenation bottle at 25°C and the bottle was
subjected to vacuum and nitrogen backflush three times. The catalyst solution was added
to the hydrogenation bottle and the bottle was again subjected to vacuum and nitrogen
backflush three times and then to vacuum and backflush with hydrogen gas three times.
The resulting reaction mixture was maintained under hydrogen at a pressure of 5 bar and
heated to 55°C. The heated mixture was stirred at 5 bar pressure, at 55°C for 3 days to
obtain Sitagliptin base in methanol solution (optical purity by HPLC 97%, purity by
HPLC 63.7%).

Example B: Sitagliptin L-malate Form 11

[00136] STG base (5 g) was dissolved in acetonitrile (28.5 mL) at 25°C. (L)-Malic
acid (1.65g, 1 eq) was then added and the resulting mixture was heated to 50°C. After
stirring at 50°C for 3 hours it was cooled gradually to 25°C and stirred overnight. The
mixture formed was very viscous. It was cooled in an ice bath for 1 hour and then heated
back to 25°C. N-Heptane (7 mL) was added and the resulting mixture was stirred at 25°C
for 2 hours. The product was isolated by vacuum filtration and dried at 40°C overnight to

obtain STG (L)-malate crystalline form I1 (3.01g).
Example C: Sitagliptin sulfate Form S2

[00137] STG base (350 mg) was dissolved in acetonitrile (2 mL) at 25°C. Sulfuric
acid (95.6%, 24 uL, 0.5 eq) was then added and the mixture was heated to 50°C, stirred at
50°C for 2 hours, then cooled gradually to 25°C and stirred at 25°C over a weekend. The
product was isolated by vacuum filtration and dried at 40°C for 16 hours to obtain STG

sulfate crystalline form S2.
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Example D: Sitagliptin sulfate Form S6

[00138] STG base (5 g) was dissolved in ethyl acetate (65 mL) at 25°C, heated to
40°C to dissolution, and then cooled to 25°C. Sulfuric acid (95.6%, 0.34 mL, 0.5 eq) was
then added and the resulting mixture was heated to 50°C, stirred at 50°C for 3 hours, and
then cooled gradually to 25°C and stirred at 25°C for 1.5 hours. The product was isolated
by vacuum filtration and dried at 40°C overnight to obtain STG sulfate form S6 (5.23g, 85
% yield).

Example E: Sitagliptin acetate Form E1

[00139] STG base (350 mg) was partially dissolved in ethyl acetate (3.5 mL) at
25°C. Acetic acid (50 uL, 1 eq) was then added and the resulting mixture was heated to
50°C, stirred at 50°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 and dried at 40°C for 16 hours to

obtain STG acetate crystalline form E1.
Example F: Sitagliptin sulfate Form S7

[00140] STG base (5 g) was added into isopropanol (IPA) (85 ml). The obtained
mixture was heated to dissolution. The solution was cooled to room temperature and
sulfuric acid 96.5% (0.6 gr, 0.5 eq) was added, and then the slurry was stirred for 4 hours.
The product was isolated by vacuum filtration; the cake was washed with hexane (10 ml),

and dried at 40°C in a vacuum oven overnight to obtain Form S7 as shown in Figure 1g;

5.76 gr (93% yield).
Example G: amorphous Sitagliptin HC1

[00141] Sitagliptin base (8g) was dissolved in methanol (50 ml) at about 25°C. A
solution of HCI in methanol (13%, 8.27 ml) was added and the solution was stirred for
2 hours at about 25°C. Then the solvent was evaporated to obtain 9g of Sitagliptin
hydrochloride salt. The salt was dried in a vacuum oven at 20°C for 24 hours to obtain

amorphous Sitagliptin hydrochloride salt (8.3g).
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Example H: Sitagliptin base

[00142] Sitagliptin phosphate (80g) was mixed with water (720 ml) and MTBE
(240 ml) and cooled to 0°C. The mixture was basified with 33% KOH solution to pH 11,
and the mixture was then warmed to 20°C. The phases were separated and the aqueous
phase was extracted with MTBE (120mlx2). This procedure was performed on an
additional Sitagliptin phosphate batch (80g). The combined organic layers were stirred 18
hours at -15°C. A white slurry mixture was obtained. The product was isolated by
vacuum filtration, washed with MTBE (500 ml) and dried in a vacuum oven at 40°C for 3

days to obtain Sitagliptin base (110.19g, 85% yield).
Example 1: Sitagliptin L-malate form 12

[00143] About 100 mg of Sitagliptin L-malate form I1 was put in an open yellow
plastic cap, and kept at 100% relative humidity (RH) and room temperature for 6 days. It

was then analyzed by powder XRD, and found to have transformed into form I2.

[00144] X-Ray powder diffraction data was obtained 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 sample holder with zero background was used. The
scanning parameters included: range: 2-40 degrees two-theta; scan mode: continuous scan;
step size: 0.05 deg.; and a rate of 3 degrees/minute. All peak positions are within + 0.2

degrees two theta.
Example 2: Sitagliptin sulfate form S9

[00145] About 150 mg of Sitagliptin sulfate form S2 was put in an open Petri dish,
and kept at 100+£5% RH and room temperature for 12 days. It was then analyzed by

powder XRD, and found to have transformed into form S9.

[00146] For the XRD measurement, the sample was mixed with a small amount of
Si powder, and applied directly on a silicon plate holder. The X-ray powder diffraction
pattern was measured with a Philips X'Pert PRO X-ray powder diffractometer, equipped
with Cu irradiation source =1.54060 A (Angstrom), X’ Celerator (2.022° 2Q) detector.
Scanning parameters: angle range: 3-40 deg., step size 0.0167, time per step 39s,

continuous scan.
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Example 3: Sitagliptin sulfate form S9

[00147] About 150 mg of Sitagliptin sulfate form S6 was put in an open Petri dish,
and kept at 100+£5% RH and room temperature for 12 days. It was then analyzed by

powder XRD, and found to have transformed into form S9.

[00148] For the XRD measurement, the sample was mixed with a small amount of
Si powder, and applied directly on a silicon plate holder. The X-ray powder diffraction
pattern was measured with a Philips X'Pert PRO X-ray powder diffractometer, equipped
with Cu irradiation source =1.54060 A (Angstrom), X’ Celerator (2.022° 2Q) detector.
Scanning parameters: angle range: 3-40 deg., step size 0.0167, time per step: 39s,

continuous scan.
Example 4: Sitagliptin acetate, form E2

[00149] About 0.4g of Sitagliptin acetate form E1 was milled in a Ball-Mill
instrument, Retch model-MM400. The experimental conditions were as follows:
Frequency (1/s): 15; Time (minutes): 5. After the milling was finished, the sample was
analyzed by XRD, and found to have transformed into form E2 of Sitagliptin acetate, as

shown in Figure 3.
Example 5: Crystalline Sitagliptin HCl monohydrate Form I11

[00150] STG base (5g) was dissolved in IPA (50 mL) at 25°C, heated to 65°C to
dissolution, and then cooled to room temperature. HCI (1.5 mL) was then added dropwise
over a period of 10 minutes. IPA (25 mL) was then added, and the resulting mixture was
stirred for 45 minutes. The product precipitated, and was isolated by vacuum filtration to
obtain form III of Sitagliptin HCI. The filtered product was then dried at 40°C overnight
to obtain crystalline STG -HCI monohydrate (5.3 g, 97% yield)

Example 6: Sitagliptin HCI, form IV

[00151] About 200 mg of amorphous Sitagliptin HCI were stored in a glass vial
under ethanol vapors for 7 days at room temperature. The sample was then analyzed in

XRD, and found to have transformed into form I'V of Sitagliptin HCI.
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Example 7: Sitagliptin HCI, form V

[00152] About 200 mg of amorphous Sitagliptin HCI were stored in a glass vial
under isopropanol vapors for 7 days at RT. The sample was then analyzed in XRD, and

found to have transformed into form V of Sitagliptin HCI.
Example 8: Sitagliptin sulfate form S10

[00153] To STG base (25 g), IPA (350 ml) was added, and the mixture was heated
to 40°C until dissolution, and then cooled to room temperature. A solution of H,SO4
(96.5%, 1.725 ml, 0.5 eq) in IPA (5 ml) was added dropwise. The resulting reaction
mixture was stirred at room temperature overnight. A very dense (gel-like) slurry was
formed. IPA (180 ml) was added to the slurry, and the product was isolated by vacuum
filtration (slow filtration), dried at 40°C under vacuum for 24 hours to obtain 19 g (67.8%

yield) of Sitagliptin sulfate form S10.
Example 9: Sitagliptin sulfate form S7

[00154] STG base (5 g) was added to IPA (70 ml), and the resulting mixture was
heated to 40°C to dissolution, and then cooled to room temperature. A solution of H,SO4
(96.5%, 0.345 ml, 0.5 eq) in IPA (2 ml) and water (0.33 ml) was added dropwise to the
cooled solution. During the addition a precipitate formed. The mixture was stirred for 4
days at room temperature. A very dense slurry was obtained. IPA (24 ml) was added to
the slurry, and the product was isolated by vacuum filtration (slow filtration), dried at 40°C
in vacuum for 24 hours to obtain 4.74 g (84.6% yield) of Sitagliptin sulfate form S7.

Example 10: Sitagliptin sulfate form S12

[00155] A solution of H,S0O4(96.5%, 0.345 ml, 0.5 eq) in water (5 ml) was added to
a mixture of STG base (5 g) in water (5 ml). After 30 minutes dissolution was obtained.
The solution was stirred at room temperature for 5 days. The product precipitated, and
was isolated by vacuum filtration to obtain form S11 of Sitagliptin sulfate. The product
was then dried at 40°C in vacuum for 24 hours to obtain 1.18 g (21 % yield) of Sitagliptin
sulfate form S12.
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Example 11: Sitagliptin sulfate crystalline form S13 and form S14

[00156] STG base (5g) was dissolved in methanol (25 mL) at 25°C. Sulfuric acid
(66%, 0.5 eq, 0.5 mL) was added, and the resulting mixture was stirred for 4 hours at
25°C. The mixture was then seeded with STG-sulfate (crystalline form S10), and the
resulting mixture was stirred overnight; and then cooled to 0°C, and stirred for an
additional 3 hours at 0°C. The product that had precipitated was then isolated by vacuum
filtration (crystalline form S13 was obtained), and dried in a vacuum oven at 40°C

overnight to obtain STG - sulfate crystalline form S14 (4.22g, 75% yield).
Example 12: Sitagliptin sulfate crystalline form S16

[00157] STG base (5g) was dissolved in methanol (25 mL) at 25°C. Sulfuric acid
(66%, 0.5 eq, 0.5 mL) was added, and the resulting mixture stirred for 4 hours at 25°C.
MTBE (10 mL) was added, and the resulting mixture was stirred overnight at 25°C. No
precipitation occurred; therefore the solution was cooled by ice bath. No precipitation
occurred, therefore MTBE (10 mL) was added, white precipitation was obtained, and the
mixture was stirred at 25°C overnight. The product precipitated, was isolated by vacuum

filtration, and dried in a vacuum oven at 40°C overnight to obtain STG - sulfate crystalline

form S16 (4.64g, 83% yield).
Example 13: Sitagliptin acetate form E2

[00158] Sitagliptin acetate form E1 (400 mg) stored under IPA vapors at room
temperature for 7 days. XRD analysis was preformed, and form E2 was obtained, as

shown in Figure 16.
Example 14: Sitagliptin acetate forms E3 and E4

[00159] STG base (20g) was dissolved in ethyl acetate (200 mL) at 40°C, and
cooled to 0°C. Acetic acid (2.95g) was added, the mixture was stirred at 0°C for about 20
hours, and precipitation occurred after one hour. The product was isolated by vacuum
filtration (at 0-3°C), and washed with EtOAc (190 ml) to obtain crystalline form E3. The
thus formed form E3 was then dried at 40°C 24 hours to obtain STG - acetate crystalline
form E4 (13.6 g, 59% yield).
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Example 15: Sitagliptin sulfate forms S13 and S14

[00160] STG base (5g) was dissolved in methanol (25 mL) at 25°C. Sulfuric acid
(66%, 0.5 eq, 0.5 mL) was added, and the mixture was stirred for 4 hours. STG-sulfate
(crystalline form S14) was seeded, and a thick slurry was obtained. MeOH (8 ml) was
added, and the mixture was stirred overnight. The mixture was then cooled to 0°C, and
stirred for one hour. The product was isolated by vacuum filtration, and washed with cold
MecOH (4 ml) to obtain crystalline form S13. The crystalline form S13 was then dried in a
vacuum oven at 40°C for 24 hours to obtain STG - sulfate crystalline form S14- (4.6g,
83% yield).

Example 16: Sitagliptin sulfate forms S13 and S14

[00161] STG base (5g) was dissolved in methanol (25 mL) at 25°C. Sulfuric acid
(66%, 0.5 eq, 0.5 mL) was added, after 30 minutes the mixture became a slurry. The
mixture was stirred overnight. The mixture was then cooled to 0°C, and stirred for one
hour. The product was isolated by vacuum filtration, and washed with cold MeOH (6 ml)
to obtain crystalline form S13. The thus formed form S13 was then dried in a vacuum
oven at 40°C for 24 hours to obtain STG - sulfate crystalline form S14 (4.49 gr, 81%
yield).

Example 17: Sitagliptin sulfate forms S17 and S14

[00162] STG base (19.21g) was dissolved in methanol (96 mL) at 25°C. Sulfuric
acid (66%, 0.48 eq, 2.15 mL) was added dropwise, and the resulting mixture was stirred
for 1.5 hours. The mixture was then seeded with STG-sulfate (crystalline form S14) and a
thick slurry was obtained. The slurry was stirred overnight. The mixture was then cooled
to 0°C, and stirred for 1.5 hours. The product was isolated by vacuum filtration, washed
with MeOH (10 ml) to obtain crystalline form S16, and dried in vacuum oven at 40°C
overnight to obtain STG - sulfate crystalline form S17 (11.93g, 56% yield). After
additional drying at 50°C for 24 hours STG - sulfate crystalline form S14 was obtained.

Example 18: Sitagliptin sulfate form S18 and form S14

[00163] STG base (4 g) was dissolved in methanol (20 mL) at 25°C. Sulfuric acid
(95.1%, 0.22 ml, 0.4 eq) was then added, and the mixture was stirred for 10 minutes and

27



WO 2011/123641 PCT/US2011/030719

seeded with STG sulfate (Form S14). The mixture was stirred at 25°C overnight. The
product was isolated by vacuum filtration to obtain wet STG sulfate crystalline form S18,

which was dried in a vacuum oven at 40°C overnight to obtain Sitagliptin sulfate Form

S14 (60% yield).
Example 19: Sitagliptin sulfate form S13 and S14

[00164] STG base (4 g) was dissolved in MeOH (20 mL) at 25°C. Sulfuric acid
(95.1%, 0.248 ml, 0.45 eq) was then added. The mixture was stirred for 10 minutes and
seeded with STG sulfate (Form S14). The mixture was stirred at 25°C overnight. The
product was isolated by vacuum filtration to obtain wet STG sulfate crystalline form S13,

which was dried in a vacuum oven at 40°C for 24 hours to obtain Sitagliptin sulfate Form

S14 (66% yield).
Example 20: Sitagliptin sulfate form S1

[00165] About 150 mg of Sitagliptin sulfate form S14 was stored under 80% RH at
25°C for 7 days. The sample was then tested by XRPD and determined to be crystal form
S1 of Sitagliptin sulfate.

Example 21: Sitagliptin sulfate forms S1 and S11

[00166] About 150 mg of Sitagliptin sulfate form S14 was stored under 100% RH at
25°C for 7 days. The sample was then tested by XRPD and the crystal form was a
polymorphic mixture of form S1 and form S11 of Sitagliptin sulfate.

Example 22: Sitagliptin sulfate forms S11 and S3.

[00167] About 700 mg of Sitagliptin sulfate form S14 was ball-milled with 5 drops
of water. Ball-mill conditions: Frequency-15 Hz, Time-5 minutes. The sample was then

tested by XRPD and determined to be crystal form S11.
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[00168] The sample was then dried in a vacuum oven at 40°C overnight. The
sample was then tested by XRPD and determined to be crystal form S3 of Sitagliptin

sulfate.
Example 23: Mixture of Sitagliptin sulfate forms S13, S16, and S18

[00169] About 700 mg of Sitagliptin sulfate form S14 was ball-milled with 5 drops
of methanol. Ball-mill conditions: Frequency-15 Hz, Time-5 minutes. The sample was
then tested by XRPD and determined to be a polymorphic mixture of forms S13, S16, and
S18 of Sitagliptin sulfate.

Example 24: Sitagliptin sulfate form S18

[00170] About 700 mg of Sitagliptin sulfate form S14 was ball-milled with 5 drops
of ethanol. The conditions were: Frequency-15 Hz, Time-5 minutes. The sample was

then tested by XRPD and determined to be crystal form S18 of Sitagliptin sulfate.
Example 25: Sitagliptin sulfate form S1

[00171] About 150 mg of Sitagliptin sulfate form S14 was stored under 70% RH at
25°C for 7 days. The sample was then tested by XRPD and determined to be crystal form
S1 of Sitagliptin sulfate.

Example 26: Sitagliptin sulfate form S1

[00172] About 150 mg of Sitagliptin sulfate form S14 was stored under 60% RH at
40°C for 3 days. The sample was then tested by XRPD and determined to be crystal form
S1 of Sitagliptin sulfate.

Example 27: Sitagliptin sulfate Form S9

[00173] STG sulfate (2.5 gr) was dissolved in water (3.75 ml) and stirred at room
temperature for 14 hours. Then, isopropanol (10 ml) was added. After 15 minutes, a
solution was obtained and the solution was stirred at room temperature for 14 hours. The
reaction mixture was cooled to 4°C (with ice/water bath) for 2 hours. The product was
isolated by vacuum filtration. The flask + cake were washed with cold isopropanol (15
ml). The product was dried at 40°C under vacuum for 24 hours to obtain 1.86g (74.4 %
yield) of STG sulfate form S9 as shown in Figure 27.
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Example 28: Mixture of Sitagliptin sulfate Form S9 and amorphous Sitagliptin sulfate

[00174] STG sulfate Form S14 (1g) and water were combined (1.5 ml, 1.5 Vol).
The resulting slurry was stirred overnight at room temperature. Acetone was added (4 ml,
4 Vol) and a clear solution was observed. The solution was stirred at room temperature
overnight. The solution was kept at 4°C for 24 hours and a solid precipitated. The solid
was filtered to give amorphous Sitagliptin sulfate. The product was dried in a vacuum
oven at 40°C for 16 hours to give 0.8 g of a mixture of Sitagliptin sulfate crystalline form

S9 and amorphous Sitagliptin sulfate.
Example 29: Sitagliptin L-malate Form I3

[00175] To a 250 ml round bottom flask, equipped with a magnetic stirrer and a
reflux condenser, was added Sitagliptin base (12.0g) and ethyl acetate (120 ml). The
mixture was heated to 60°C for dissolution. A solution of L-malic acid (3.95g) in absolute
cthanol (24 ml) was added to the above solution dropwise over 15 minutes. During the
addition, the heating was stopped and the mixture was cooled slowly. When the addition
was completed the temperature in the oil bath was 43°C. The solution was cooled to room
temperature (~20°C) and stirred overnight. After 3 days about 60g of solvents were
distilled out and the solution was stirred at room temperature over 10 days, during this
time precipitation as a soft white block occurred. Ethyl acetate (110 ml) was added in
order to facilitate filtration and the mixture was stirred for several minutes. The product
was isolated by vacuum filtration, washed with ethyl acetate (40 ml) and dried in a
vacuum oven at 50°C for 24 hours and then for additional 48 hours at room temperature

(15-25°C) to obtain Sitagliptin L-malate crystalline form 13 (13.86g, 87% yield).
Example 30: Sitagliptin L-malate Form 14

[00176] A 250 mL round flask was charged with Sitagliptin free base (5 g, 12
mmol) and a mixture of ethyl acetate:ethanol (5:0.8 v/v, 25 mL) was added. The mixture
was mechanically stirred and heated to 60°C until complete dissolution. The solution was
then cooled to room temperature. In parallel, L-malic acid (1.65 g, 12 mmol) was
completely dissolved in a mixture of ethyl acetate:ethanol (5:0.8 v/v, 10 mL) at 60°C and
then cooled to room temperature. The solution of the L-malic acid was then added
dropwise to the solution of Sitagliptin free base over a period of 10 minutes while stirring

at room temperature with the rotation speed of 310 rpm. The obtained white gel-paste
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reaction mixture was stirred at room temperature for about 69 hours. The obtained
massive white precipitate was isolated by vacuum filtration, washed with cold mixture of
ethyl acetate:ethanol (5:0.8 v/v, 2x10 mL) and dried in a vacuum oven at 40°C for 23
hours to give Sitagliptin L-malate (5.99 g, 92% w/w yield).

Example 31: Sitagliptin L-malate Form I5

[00177] A 100 mL reactor was charged with Sitagliptin free base (10 g, 25 mmol)
and a mixture of ethyl acetate:ethanol (5:1 v/v, 50 mL). The mixture was heated to 60°C
until complete dissolution and then cooled to room temperature. In parallel, L-malic acid
(3.3 g, 25 mmol) was completely dissolved in a mixture of ethyl acetate:ethanol (5:1 v/v,
20 mL) at 60°C and then cooled to room temperature. The solution of the L-malic acid
was then added dropwise to the solution of Sitagliptin free base over a period of 15
minutes while stirring at room temperature with the rotation speed of 320 rpm. The
mixture was seeded with Sitagliptin L-malate (crystalline form II) followed by cooling to
-10°C over a period of 6h. The stirring at -10°C was discontinued after 49.5h and then
warmed to 25°C since no precipitation was observed. The mixture was stirred at 25°C for
about 44h. The obtained massive white precipitate was isolated by vacuum filtration,
washed with cold mixture of ethyl acetate:ethanol (5:1 v/v, 2x15 mL) and dried in a

vacuum oven at 40°C for 24h to give Sitagliptin L-malate (9.46 g, 70% w/w yield.

Example 32: Stability test of Sitagliptin sulfate Form S14

[00178] A sample of form S14 was equilibrated in 0-100% relative humidity cells
for 7 days at room temperature. The samples were analyzed by XRPD and TGA. Form
S14 was found to be polymorphically stable up to 60% RH. The following table shows

the results:
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%RH % weight loss (TGA) Form
Before the
experiment 3.4% S14
0% 2.3% S14
20% 2.0% S14
40% 1.9% S14
60% 2.4% S14
80% 4.4% S1
100% 8.9% S11+S1
[00179] According to the results, the equilibrium amount of water in form S14 is

about 2%, corresponding to the theoretical value of 1.9% for monohydrate stoichiometry.
However, form S14 is hygroscopic and can adopt higher amount of water before it

transforms to the dehydrate form S1.

[00180] For TGA measurement METTLER TOLEDO TGA/DSC STARe System
was used. 10-15 mg samples were placed into 150uL. alumina crucibles and scanned

between 25-250°C at 10°/minute heating rate under 40 ml/minute N2 flow rate.

[00181] For XRPD the ARL instrument was used.

Example 33: Stability test of Sitagliptin sulfate Form S16

[00182] A sample of form S16 was equilibrated in 0-100% relative humidity cells
for 7 days at room temperature. The samples were analyzed by XRPD and TGA. Form
S16 was found to be polymorphically stable up to 60% RH. The following table shows

the results:

%RH % weight loss (TGA) From !!!! form
Before the
experiment 3.0% S16
0% 2.9% S16
20% 2.9% S16
40% 2.9% S16
60% 2.9% S16
80% 4.4% S1
100% 8.9% S9+S1
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According to the results, the equilibrium amount of water in form S16 is about 2.9%,

corresponding to the theoretical value of 2.9% for sesquihydrate stoichiometry.

[00183] For TGA measurement METTLER TOLEDO TGA/DSC STARe System
was used. 10-15 mg samples were placed into 150uL. alumina crucibles and scanned

between 25-250°C at 10°/minute heating rate under 40 ml/minute N2 flow rate.

[00184] For XRPD the ARL instrument was used.

Example 34: Stability test of Sitagliptin sulfate form S19

[00185] A sample of Sitagliptin Sulfate form S16 was heated in TGA oven.
Temperature range 25-180°C, heating rate 10°C/min, and sample size ~ 50 mg. The
heating was performed in TGA/DSC 1 by METTLER TOLEDO.

Example 35: Sitagliptin sulfate form S14

[00186] Sitagliptin base (100g) was dissolved in MeOH (500 ml) at room
temperature.

[00187] Sulfuric acid (95.1% according to assay, 6.9 ml) was added dropwise.
After seeding (half of a small spatula) the mixture was stirred at room temperature over a
weekend.

[00188] The mixture was cooled to -5°C for 3 hours. The Sitagliptin sulfate salt

was isolated by vacuum filtration, washed with MeOH (60 ml) and dried in vacuum oven
at 40°C for 24 hours to obtain crystalline form S14 (74.33g, 66.3% yield, total impurities -
LT 0.03%, enantiomeric purity LT 0.03%).
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Example 36: Sitagliptin L-malate form 11

[00189] A 1L reactor was charged with Sitagliptin free base (70 g, 172 mmol), L-
malic acid (23.1 g, 172 mmol) and a mixture of ethyl acetate:ethanol (5:1 v/v, 700 mL).
The reaction mixture was heated to 40°C until complete dissolution and then cooled to
25°C over a period of 30 minutes with the rotation speed of 356 rpm. Seeding with
Sitagliptin L-malate (crystalline form II) was performed followed by stirring at 25°C over
a period of 22.5 h. A massive white precipitate was obtained. The product was isolated
by vacuum filtration, washed with cold mixture of ethyl acetate:ethanol (5:1 v/v, 1x70
mL) and dried in vacuum oven at 40°C for 24 h to give Sitagliptin L-malate crystalline

form II (89 g, 95.6% w/w yield).

Example 37:

[00190] A sample of form 15 was equilibrated in humidity cells according to the
condition detailed in the following table. Transformation to Sitagliptin L-malate Form II

was observed by XRPD.

RH Temperate Form
60% 40°C II
100% RT II
Example 38:
[00191] A sample of form I5 was heated according to the condition detailed in the

following table. Transformation to Sitagliptin L-malate Form II was observed by XRPD.

TEMP. TIME RESULT
130°C by TGA | 10°C/min II
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Example 39:

[00192] A reactor of 1 L was charge with Sitagliptin free base (70 g, 172 mmol), L-
malic acid (23.1 g, 172 mmol) and a mixture of ethyl acetate:ethanol (5:1 v/v, 700 mL).
The reaction mixture was heated to 40 °C until complete dissolution and then cooled to 25
°C over a period of 30 minutes with the rotation speed of 356 rpm. Seeding with
Sitagliptin L-malate (crystalline Sitagliptin L-malate Form II) was performed followed by
stirring at 25 °C over a period of 21 h. A massive white precipitate was obtained. The
product was isolated by vacuum filtration, washed with cold mixture of ethyl
acetate:ethanol (5:1 v/v, 70 mL) and dried in vacuum oven at 40 °C for 23.5 h to give
Sitagliptin L-malate form I5>1I (88 g, 91.2% w/w yield). Re-drying in vacuum oven at 60
°C for 24 h produced pure Sitagliptin L-malate Form II.

Example 40:
[00193] A 50 mL round flask was charge with Sitagliptin L-malate form [5>11 (3 g,

5.44 mmol) and a mixture of ethyl acetate:ethanol (5:1 v/v, 30 mL). The obtained slurry
was stirred at 50° C over a period of 3.25 h and then cooled to room temperature. The
slurry continued to stir at room temperature for additional 68 h. The product was isolated
by vacuum filtration, washed with cold mixture of ethyl acetate:ethanol (5:1 v/v, 6 mL)
and dried in vacuum oven at 40 °C for 24 h to give Sitagliptin L-malate Form II (2.83 g,
94.3% w/w yield).

Example 41:
[00194] A 50 mL round flask was charge with Sitagliptin L-malate form [5>11 (3 g,

5.44 mmol) and a mixture of ethyl acetate:ethanol (5:1 v/v, 30 mL). The obtained slurry
was stirred at room temperature over a period of 71 h. The product was isolated by
vacuum filtration, washed with cold mixture of ethyl acetate:ethanol (5:1 v/v, 7 mL) and
dried in vacuum oven at 40 °C for 24 h to give Sitagliptin L-malate Form II (2.94 g, 98%
w/w yield).
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Example 42:

[00195] A 50 mL round flask was charge with Sitagliptin sulfate form S7 (2 g,
96.4% assay) and methanol (10 mL). The obtained slurry was stirred at room temperature
over a period of 22 h. The product was isolated by vacuum filtration, washed with the
mother liquid and dried in vacuum oven at 40 °C for 24 h to give Sitagliptin sulfate

crystalline form S14 (1.15 g,).

Example 43:
[00196] Sitagliptin free base (5 g, 12 mmol) and a mixture of methanol:water (95:5

v/v, 20 mL) were charged in a three neck round bottom flask and stirred at room
temperature until complete dissolution. Sulfuric acid (95.1%, 0.35 mL) was added
followed by seeding with crystalline Sitagliptin sulfate form S16 (0.05 g). The obtained
turbid mixture was stirred at room temperature for about 20 hours. A portion of 4 mL of a
mixture of methanol:water (95:5 v/v, 4 mL) was added and the stirring mixture was
discontinued after additional 15 minutes. The product was isolated by vacuum, washed
with a mixture of methanol:water (95:5 v/v, 4 mL) and dried in vacuum oven at 40 °C for

23.5 h to give Sitagliptin sulfate crystalline form S16 (3.79 g,).

Example 44:
[00197] Sitagliptin free base (5 g, 12 mmol) and a mixture of methanol:water (95:5

v/v, 20 mL) were charged in a three neck round bottom flask and stirred at room
temperature until complete dissolution. Sulfuric acid (95.1% according to assay, 0.35 mL)
was added followed by seeding with crystalline Sitagliptin sulfate form S16 (0.05 g, 1%
w/w). The obtained turbid mixture was stirred at room temperature for about 16 hours.
Then, IPA (40 mL) was added drop-wise to the obtained massive white precipitate and the
stirring at room temperature was discontinued after additional 5 h. The product was
isolated by vacuum filtration, washed with cold IPA (10 mL) and dried in vacuum oven at

40 °C for 24 h to give Sitagliptin sulfate crystalline form S16 (5.16 g,).

Example 45:
[00198] Sitagliptin free base (5g, 12 mmol) and methanol (20 mL) were charged in

a three neck round bottom flask and stirred at room temperature until complete
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dissolution. Sulfuric acid (95.1% according to assay, 0.35 mL, 0.5 eq.) was added
followed by seeding with crystalline Sitagliptin sulfate form S14 (0.05g, 1% w/w).
Methyl tert-butyl ether (30 mL) was added drop wise to the stirred solution over a period
of 10 minutes. The obtained turbid mixture was stirred at room temperature for about 24
hours and produced massive white precipitate, which was isolated by vacuum filtration,
washed with cold methyl zert-butyl ether (2x10 mL) and dried in vacuum oven at 40 C for
22h to give Sitagliptin sulfate crystalline form S20 (4.23g, 76% w/w yield).
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What is Claimed:

1. Crystalline Form S9 of Sitagliptin sulfate.

2. The Sitagliptin sulfate Form S9 of claim 1, characterized by a powder XRD
pattern with peaks at 12.7°, 15.7°, 17.7°,21.0°, and 21.9°+ 0.2° 20; or by a

powder XRD pattern as shown in figure 1; or by combination thereof.
3. Crystalline Form S11 of Sitagliptin sulfate.

4. The Sitagliptin sulfate Form S11 of claim 3, characterized by a powder XRD
pattern with peaks at 3.9°, 7.9°, 11.8°,16.4°, and 17.8° £ 0.2° 20; or by a

powder XRD as shown in figure 8; or by combinations thereof.
5. Crystalline Form S13 of Sitagliptin sulfate.

6. The Sitagliptin sulfate Form S13 of claim 5, characterized by a powder 5.6°,
8.5%,16.6° 17.4° and 19.0° = 0.2° 20; or by a powder XRD as shown in figure

18; or by combinations thereof.
7. Crystalline Form S14 of Sitagliptin sulfate.

8. The Sitagliptin sulfate Form S14 of claim 7, characterized by data selected
from: a powder 9.1°, 10.3°, 18.6°, 21.6°, and 22.7° = 0.2° 20; a powder XRD as
shown in figure 11; a solid-state '>C NMR spectrum with signals at 122.3,
151.2 and 170.2 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical
shift differences between the signal exhibiting the lowest chemical shift and
another in the chemical shift range of 100 to 190 ppm of 18.8, 47.7 and 66.7 +
0.1 ppm; a solid-state *C NMR spectrum is depicted in figures 23 or 24; and

any combinations thereof.

9. Crystalline Form S16 of Sitagliptin sulfate.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The Sitagliptin sulfate Form S16 of claim 9, characterized by data selected
from: a powder 9.2°, 16.3°, 18.5°, 20.6°, and 23.8° = 0.2° 20; a powder XRD as
shown in figure 13; a solid-state *C NMR spectrum with signals at 120.8,
150.0 and 171.1 + 0.2 ppm; a solid-state '*C NMR spectrum having chemical
shift differences between the signal exhibiting the lowest chemical shift and
another in the chemical shift range of 100 to 190 ppm of 16.1, 45.3 and 66.4 +
0.1 ppm; a solid-state *C NMR spectrum as depicted in figures 25 or 26; and

any combination thereof.
Crystalline Form 12 of Sitagliptin L-malate.

The Sitagliptin L-malate Form 12 of claim 11, characterized by a powder XRD
pattern with peaks at 16.8°, 18.7°, 19.7°, 23.3°, and 26.7°+ 0.2° 20; or by a

powder XRD pattern as shown in figure 2; or by combinations thereof.
Crystalline Form I3 of Sitagliptin L-malate.

The Sitagliptin L-malate Form I3 of claim 13, characterized by an X-ray
powder diffraction pattern having peaks at 15.8°, 20.0°, 21.1°, 22.2°, and 24.3°
two theta + 0.2 degrees two theta; or by an X-ray powder diffraction pattern

substantially as depicted in Figure 29; or by combinations thereof.
Crystalline Form 14 of Sitagliptin L-malate.

The Sitagliptin L-malate Form 14 of claim 15, characterized by a powder XRD
pattern with peaks at 5.4°, 5.8°, 14.7°,21.7°, and 25.7° £ 0.2° 20; ora by a

powder XRD pattern as shown in figure 30; or by combinations thereof.

The use of the crystalline forms of any one of claims 1 to 16 in the preparation

of Sitagliptin phosphate.

A pharmaceutical composition comprising the crystalline form of any one, or a
combination of claims 1 to 16, and at least one pharmaceutically acceptable

excipient.

The use of the polymorph of any one of claims 1 to 16, or a combination

thereof, for the manufacture of a medicament.

39



PCT/US2011/030719

WO 2011/123641

1/42

} Ol

D13y} 7 $9a1bag

o.mm o.wm o._om o._mm c._NN | o._we | o._i . o._o_ | o“@ )

B e N N Y Y N PV R o Tatans eI

Q o ﬁ f _‘ NZ f_ w __i.) Y *_‘_M *_:w f fﬂg _: ﬁ\ JQ 4,\ wJ_\ ool
M_

ﬂR | _ _% -
- 000

| .
-000¢
> - 000Y
- 0009

$Juno)

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

2/42

¢ 9Dld
Doy} 7 seaubag
0¢cc 08l

00l

09

1 A _.»z:x..:_—\.,

i

ATy,
o,
<,

-0001

-000¢

-000¢

-000y

0009

$JUno)

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

€ Old
DlaY} 7 s9a1bag
08¢ 0'v¢ 0°0¢ 09¢ o._NN 08l o.w _ 001 09

| L H L H 2 ! 2 t i

3/42

e e ¥
e, o e o) “
00, Pt ) e A

. S
! rf o

: A AN W A " fly o ,.M., A si...s.ﬁ 1 ﬂ}.,,,,_m \qus,sz. ,%s,,.;”z., |
ﬁ % ___m JJ ﬁ__3,,_N f? .ﬂ__:x _m \_w :n ;__ﬁ _:__ J) Y m Q R : \ﬁ f.; o

i | ; !
| r | ‘ /_m WI 000¢
-000¢

- 000y

- 0006

S

i

WO 2011/123641

SJUN0)
SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

4/42

08¢

{

0%¢ 00¢

v "Old

Djay} 7 $9a1b3(

09¢ 0'¢c

08l

0yl 001

<

s
= w.l./., TR ey

S

: .
T, [T S T e, K

i

c

=

|

!

L
R R R e, £,

-000¢

- 000y

-0009

-0008

-00001

S)uno)

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

5/42

S Old

Doy} 7 $9a1bag

o._wm | o...vm . o.@m o.mm | o._NN . o._w_ _ o.w— _ o._o_ _ oﬁm
" A L T, !
L x)..wf..ﬁr Y i, A 4y iy N | __ M __._ \ __~_ J m_« _i,_ Nﬁ ! 1_.:_ ",
J ) Af,;._ /a }..Zx_;, i J: J M\/ i “,. " ,w x ﬁ ..;,r f:_ __ J J | __ 4 ..» w\, i, %?ff L 007
M N Y VW
j |
| by ,1 | _# _N _v__ oL
[ | | .
o “w.j * ___ f ﬁ r f. L 008
a \ g
o0zl
-0091

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641

6/42

Si

1600

SJUn0)

SUBSTITUTE SHEET (RULE 26)

PCT/US2011/030719

<
[{a]
o™~
-
(<]
2 O
e
S N e
8 g O
~N 8
O—
A
O’I_L.
[
o



PCT/US2011/030719
7/42

WO 2011/123641

L Ol

D1aY} 7 seauba

o._wm o‘wm o.@m o..@m o._mm o._w | c.w | o..o | o“m 0¢
oot N -
s fﬁj &}.?..%‘,r ' - EN V,.__ I _p \ _f g._q L é__...és.(‘ .
| i . Mo W ..:,_: }__\T 00
m _...“,_A.‘ ,‘J “ _J w.;_._ _ _A_ f M 4 m ! ._ 4 * Q,c.e
(AN , ; m ! ! ; } g | b \ -
R | (R
/ i " f
! ~. J ? z._ _ JP i mu
Al w =
| ‘____ oozt
ﬁ -0091
® |

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719
8/42

WO 2011/123641

8 'Old
D3y} 7 seaubaq
o._wm o.wm 0°0¢ 09¢ o._NN 08l 0l 00l 09

1 s }

?}ax Er m??&_ w}iiﬂé/l/:..p 1_.5»..7% .% S-«. ;_1

1 Wy A
,3,,%?} bV o

; w,u_w‘?i, i, o
q N ww;%egﬁ . o

B :
| IB | v H00S

T
o
-
o
T -
T
T
hoaasoeoul
——
——ccmmeeaR
ez
T

A, roos

STl

! oo

-0011

m_m -00¢1

i

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

9/42

6 9l4
D3y} 7 saaubag
o8 0% 008 0% 0 08 0%k 000 09
13 ._J_..: o -
y __.t.%__ ?,_,. bl Mi__ __r..
5,,}Eg%éQ,3 . z‘_,ﬁz: i oyt 00
Wi ﬁg _. %.__,_ W, _{ -
M, i /J 009
Uy | F
' f L Foog &
J.‘, ?ﬁ - mT
¥
il | N 000
é.%,c r _gr_ A 00z
_5 z -
0071

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

Ol 'Ol

Doy} ¢ $9aibag
0°0¢ 09¢ o._mm 08l

10/42

-00¢

-00¥

-009

-008

-0001

-00¢1

WO 2011/123641

SJunoy)
SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

LE"OId

D8y} 7 Seauba(

o._ﬁm o._om o.mm o._mm o.m ! o._v |

1 1

e
(T W .&v«zx\;()...x ™ .7.?(.,JC.:

11/42

00l 09 0¢
i 5 i . o
NI ——————
4 i _c.w J,_ ! J__s 4 N_ m_.\.ﬁ)..?,,)f.)iz,

f
| |

-000¢

)

/.}\. “_.,w_«_x.f...f_,_gn. ?,,_3 | \ ,_K ; Vo o

R S N T
SN Y ﬂ__ W
“_ Hﬂ 1y _.,_x M\ |
| .

t__c

5 | -

W

-000¥

SJUN0Y)

-0009

-0008

WO 2011/123641

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

12/42

¢l ‘Ol

°|DIS-DIRY{-¢

o~

I‘Illllllllllll

(sjunog) un

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641

13/42

4000

3000+
20001

SJUno?)

SUBSTITUTE SHEET (RULE 26)

PCT/US2011/030719

10.0 14.0 18.0 22.0 26.0 30.0 34.0 38.0
Degrees 2 theta
FIG. 13

6.0

2.0



PCT/US2011/030719

WO 2011/123641

14/42

08¢

0v¢

A=

Doy} 7 sealbs(
me

P
-
AR

\_w\. _..J oy
4 frﬁ__ \» ! hY ! -~
C 5%K,¢

s

|

|

{

i .f._.\f

Fopd
) %r o) ﬁﬁ "

f .

(B

esch_:

- 00y
-008
d-oom_
-0094
-000¢

-00¥¢

$)Uno)

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719
15/42

WO 2011/123641

Gl "Old

D}aY) 7 S9a1bag
o._wm 0v¢ 00¢ 0°9¢ o._NN 081 0yl 00l 09

1 . 1 : }

A e,

P 0 M ;,\ W
ALY UL T o

h W A, 17 M e " i

/ AN / P mé 'y || Y 0¥

_ _ : e F
MW AN WY |
ﬁ j qgt a /% ( w | ; m , 1008

)w -00¢1

$Junoy)

r -0091

-000¢

S -00v2

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

16/42

91 'Ol

D)8y} 7 $9a4bag
ﬁwwm

" Loool

-000¢

-000¢

-000¥

Sy

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

L1 "Old

D)oY} 7 Seaibag
08¢ 0¢ 00¢ 09¢ o._mw 08l 0yl 00! 09 0¢

I 2 } 2 H x | L

17/42

.y (XA St
shl,z il \cw it B g ya.f_.- [T
¥ __. % .“E_n y A !
f ____R\ 1 Lﬁr mv .,}_f ﬂk__C.y.&_\.__%\_J Na_
r

A #

| 5

Wil T e, T
| Fo08

_ ! -00Z1

$Juno)

-0091

-000¢

-00¥¢

WO 2011/123641

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

8l "©Id

Doy} 7 s9a1ba(
QWN 081 0%l 00l 09

18/42

p gy a‘s.j_,c, WA, |

| ﬁ‘ﬁ J_ tﬁ,, A m

il | \ 008

-00¢1

$Juno)

| wzooo_

-000¢

-00¥¢

WO 2011/123641

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

19/42

61 "Old

DoY) 7 S9a4baQ

08¢ 0'%¢ 008 092 022 08l 07l 00} 09 O.No
L et o 7 .gc T zéz}.q.b .,,z'ﬁJ ) S ._.z.,\..* A N . 3. _\.f £ }1 -, A ,}..71,%,\:r,,,dJ..‘\r./_, o e . -
S A an A VY Wl e
| _m bl | | g I \1-000L
_q i | -
|
-0002
-0008 &
-000%
-0005
IS -0009

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

20/42

0¢ Ol

D3y} 7 seaubag

o.wm ccwm o.ﬁm . o._ow | o._mm . o._wﬁ | o._i . o._o_ . OM@ .
ot et . PN by I
v ¥ ._.&___é g oA M ms ) ____?_ J_. /Yy J f ,:_f iy
R;\ i ‘ ) %\ | g_& wJ \ H.( “k,, ,‘ mw ..T: Cﬁ_\,aj_ Mb_ __.J___ i _%,w ﬂ,ée w} 1%%5 L 00y
_,_ | _: )W _ w_ | % | | j }_\ !
' 7 | “ L Foos
:r
g_ i .
| =
rooct =
~_-
-0091
-000¢
IS
|

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

21/42

[ppm]

100

FIG. 21

150

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

22/42

= | g

—— | &

I

géﬁ

e

F | W

F

— |

__Jﬁ-o
"1"'1"'1"‘§‘

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719
=3
(o
-
O
)
(ap)
B QV]
(o] .
= O
i LL
(]
. e
I | T T 1 ] H T T | T 1 T ] 1 ] ] T T T \é
[|GJ] o0 (o) < (@] O

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

24/42

[ppm]

\
l
120

FIG. 24

T
160

e jU ML |

1
180

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

25/42

{Q)

- A

2 5

i L
7—
__?j:g

4 T 1 I I Tt I I Tt l i 1 T ‘ T 1 T l T

[IQJ] é o0 w 4 o~

0

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

26/42

[ppm]

[
140

FIG. 26

"
%J \ W*Mw%w/ \/k«mﬂj\[k e
20

|
160

rww»wwmi)]
i
180

T 1 1 l T i 4 l 1 1 J ‘ i 4 T l 1 I T | 4 T 1 l I

[la*l] o o o] «©w <+ N

«—

0

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

27/42

0'8s

0v¢

1 |

/¢ Ol

D)oY} 7 s2a1bag
me

08l

Qw_

1 {

Sy, f ¢_c_.“ )
y j‘.

VY

h o
—.« f_.g_\‘_f.f.éwv 4

|

3!

*_%_

|

\.1.!_ w..\.if...ﬂﬁ?\i&../.ﬁ

!

-00y

-008

-00¢1

-0091

-000¢

-00¥¢

SJUnoy

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

28/42

8¢ DOld
Doy} 7 seaibag
o._wm | o.wm o.nm o._om o._NN o._m_ o._i oﬁ_ o_o |
i, o o b .
It ,,;(%5% ,,\%,,1,‘.&,__%.;A}“}%,ﬂ_._?. 00
n.pffT " | L.“__ .i ,ffﬁ i
;\,.,&_f,__m _g_% f? - 005
r. {
:g i fii bl &__%.% _;., f .,OS 2
Y ﬁ_g}t,z%i% T 5 - @
_ £ -006
_:-
& f,oo:

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

29/42

6¢ Ol

DAY} 7 S9a4ba(

c._mm o.wm o._om o.wm o._mm o._m_ o._i o._op o“m
TV B y strnpgnean, L
\ \52, \ \%3 zi/ 3 if | " ) . 7; IS v s\{ o \33\35{
/\< / x | x\:H )\ \( /\ ,w i M,LSQ. \ A \}J\/ ﬁ Y // . \5_/ 4§$5>f }a IOO,V
AR A ATV |
a PP /! Q S
| & i 0 4 1008
(1. |
| -00¢1
f 0091
| L 0002
IS -00%¢
i 5

Sdd

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

0€ 'Ol

D}oY} ¢ S9a.ba(
o.wm 08l

30/42

WO 2011/123641

Sdd
SUBSTITUTE SHEET (RULE 26)




PCT/US2011/030719

L€ "OId

DJoy) 7 Saaubag
0¢e 08l 0yl 00!

' +000¢

WO 2011/123641

31/42

000y

-0009

Sdd

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

32/42

[ppm]

50

100
FIG. 32

|
130

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641

PCT/US2011/030719
33/42
? | s |
= g
T - - 2
3
‘:g B
=
F
s o
e -
vvvvv W\% I
% -
=
g =
§’ =
. L
_.7_12 i §
|
2
TEn
— "
% -
| 4
T { L] T T I T T 1 I T
- (@] ()

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

34/42

[ppm]

l
50

‘

bt

100
FIG. 34

j
T
150

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719
= E
e — a
““"“*‘—u«_a}‘ | S
=
T o
e — N
m.——\—q““h_"““‘mﬁg" n
E
= b
=
~~~~~ FrE &
a‘:q._‘i:“g i N
.= B —
— L
_____ ﬂ""jwwl-“ B
M"‘:% —8
%. -
> L
e
______________________________ I i
= .
=< oy L
M__,‘Ef'
— - Q
e, ©
=. L
5
1 I 1 1 L) ' I i i l 1 1 ¥ | 1
[|3 J] [» @] [{e] ~3 o~ o

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

36/42

08¢ 0v¢

A

9F 'Ol

D13y} 7 S9albaq

09¢ o..wm 08l 0yl 001 09

. { L § " i . |

el
P g
c\f eS,{L AN gj, \t i

rfL Zé(/% c...S, \E,z.f(.

i R %\,ﬁ}??; k\.<>5 W 1; &,)‘7\(
! :\ q f\\ ,‘.Q, /QZ.‘_,(,,,B\JZQ/Q

A
!

-00¥

-008

L oozl

-0091

Sdd

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

37/42

L& "Old

DAY} 7 $9a1ba(
QWN

s T, e LNEEY

ﬁl{a:f«...‘,H.z./«x.;c(‘«...?if.f.__féfq.?T...
F |

il

§

- 00

-008

-00¢1

-0091

-000¢

-00¥¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

8¢ 'Ol

DAy} 7 Saaibag
ﬁwwm 08l 0l 00l 09 0¢

38/42

O e, [OOF
. 1008

-00C1

-0091

rm——TTT

-000¢

-00v¢

WO 2011/123641

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

6€ "OId

DoY) 7 $9a163(
08¢ c.wm 0°0¢ 09¢ o..mm 081 o._i

i s X | L 1 s

00 09 0'¢

39/42

L e
o g™ -

-, oo
VAR

. ! . 0
sy e, P sy . S e,
T s - PN,
o, P ; W W,
A

P R R N % (" ; 4 / L e
f Cn J._w. § \ J__,.__._ ._ﬁ.,_ , »_w w .}\ ﬂ ¢ ,_,._~ / /{_ w _« m M_ x_ﬁ N, i
._ |

_a./___ ?r | | 0002

-000y

-0009

-0008

WO 2011/123641

00001

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

WO 2011/123641

40/42

oy "Old

Doy} 7 seaubag

0'¢

..»..,&.r...u..,fﬁf)x\.._rr\d?ms.\_.‘.. s

AV

|
|

|
_.

{

M_\.w_bw

!

i

|

]

.._
!

_e_

J
{1

1

. owm | oﬁ_ . o%_ .
LTy
o e
Dyl ._7
| ,

-0001

-000¢

-000¢

-000¥

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030719

Ly "Old

Doy} 7 s9aubag
08¢ 0v¢ 00¢ 09¢ o._NN 08l 0yl 001 09 0¢

41/42

] L Il s 1 $ 1 s . 1 . I . ! 2 ] L O

& .__.wi -f,..aa A e o o
{ \i W_ﬂ. Y \ Y

A [N
;

ﬁ_.f,..x‘,.._fs,.ﬁ.s‘,._,.‘_c_,“?,.w.f.j._ .“3 /_N.J_* .,d ﬁ) __ w . g
JA u { " 10001

1 ._~ J«.« Yy L
|

| L0007

-000¢

- 0007

WO 2011/123641

SUBSTITUTE SHEET (RULE 26)



WO 2011/123641 PCT/US2011/030719

42/42

» I !

Degrees 2 theta
FIG. 42

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/030719

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7D487/04 A61K31/4985
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co7D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/085990 A2 (REDDYS LAB LTD DR [IN]; 1-10,
REDDYS LAB INC DR [US]; PADI PRATAP REDDY 17-19

[IN]) 9 July 2009 (2009-07-09)
cited in the application
example 14,

X WO 2010/000469 A2 (RATIOPHARM GMBH [DE]; 1-10,
GIDWANI RAMESH MATIORAM [IN]; HIREMATH 17-19
CHANNAVEE) 7 January 2010 (2010-01-07)
cited in the application

examples 6,7

X,P WO 20107117738 A2 (TEVA PHARMA [IL]; TEVA 1-10,
PHARMA [US]; PILARSKI GIDEON [IL]; PERLMAN 17-19
NURI) 14 October 2010 (2010-10-14)
examples 2,18,42-44,52-54

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i i .
"T" later document published after the international filing date
or priority date and not in conflict with the application but

"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance

invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of ancther "Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
9 May 2011 19/07/2011
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3018 Usuelli, Ambrogio

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



International application No.
INTERNATIONAL SEARCH REPORT PCT/US2011/030719
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10(completely); 17-19(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/030719

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CAIRA M R: "CRYSTALLINE POLYMORPHISM OF
ORGANIC COMPOUNDS",

TOPICS IN CURRENT CHEMISTRY, SPRINGER,
BERLIN, DE,

vol. 198, 1 January 1998 (1998-01-01),
pages 163-208, XP001156954,

ISSN: 0340-1022, DOI:
D0I:10.1007/3-540-69178-2 5

ISBN: 978-3-540-36760-4

the whole document

1-10,
17-19

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/030719
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2009085990 A2 09-07-2009 CA 2707790 Al 09-07-2009
CN 101963390 A 01-12-2010
EP 2220093 A2 25-08-2010
JP 2011507890 A 10-03-2011
KR 20100101073 A 16-09-2010
US 2010274017 Al 28-10-2010
WO 2010000469 A2 07-01-2010 CA 2729696 Al 07-01-2010
EP 2318411 A2 11-05-2011
KR 20110038011 A 13-04-2011
WO 2010117738 A2 14-10-2010 US 2010249140 Al 30-09-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ US2011/ 030719

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-10(completely); 17-19(partially)
Sitagliptin sulfate

2. claims: 11-16(completely); 17-19(partially)

Sitagliptin malate




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - wo-search-report
	Page 84 - wo-search-report
	Page 85 - wo-search-report
	Page 86 - wo-search-report
	Page 87 - wo-search-report

