(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Property Organization /5% =)
(19) ual Property Organization /25 ||} 00NN 00 IO 0 O 0
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
10 November 2011 (10.11.2011) PCT WO 2011/140328 Al
(51) International Patent Classification: ci (HR). MARINKOVIC, Marina [HR/HR]; Orhideja 5,
CO7D 209/52 (2006.01) AG61P 3/10(2006.01) 10 360 Sesvete-Zagreb (HR).
A61K 31 2006.01
61K 317403 ( ) (74) Agents: BIRDE, Patrick, J. et al.; Kenyon & Kenyon
(21) International Application Number: LLP, One Broadway, New York, NY 10004-1050 (US).
PCT/US2011/035343 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
5 May 2011 (05.05.2011) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
o1e . CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(26) Publication Language: English HN, HR, HU, ID, I, IN, IS, JP, KE, KG, KM, KN, KP,
o KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/331,526 5 May 2010 (05.05.2010) us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/345,200 17 May 2010 (17.05.2010) UsS SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
61/452,504 14 March 2011 (14.03.2011) Us TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except BB, US): (84) Designated States (unless otherwise indicated, for every
TEVA PHARMACEUTICAL INDUSTRIES LTD' kind of regional protection available): ARIPO (BW, GH,
[IL/IL]; 5 Basel Street, P.O. Box 3190, 49131 Petah Tiq- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
va (IL). ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for BB only): TEVA PHARMACEUTI- TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
CALS USA, INC. [US/US]; 1090 Horsham Road, P.O. EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Box 1090, North Wales, PA 19454-1090 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

(72) Inventors; and GW, ML, MR, NE, SN, TD, TG).

(75) Inventors/Applicants (for US only): RATKAJ, Marina

[HR/HR]; Kuéerina 50, 10 000 Zagreb (HR). BILJAN,
Tomislav [HR/HR]; Glogovnicke Bune 9, 48260 Krizev-

Published:
with international search report (Art. 21(3))

THEREOF

OH

2011/140328 A1 I 00 O O 01 O 0O A0

O hydrates, and pharmaceutical compositions thereof.

(54) Title: SAXAGLIPTIN INTERMEDIATES, SAXAGLIPTIN POLYMORPHS, AND PROCESSES FOR PREPARATION

(57) Abstract: The invention provides Saxagliptin Schitf bases, polymorphs of Saxagliptin and ( 1 S,3S,5S)-2-[(2S)-2-propan-2-y
lideneamino-2-(3-hydroxy- 1 -adamanty l)acetyl]- 2-azabicyclo[3.1.0]hexane-3-carbonitrile, processes for preparing Saxagliptin



WO 2011/140328 PCT/US2011/035343

SAXAGLIPTIN INTERMEDIATES, SAXAGLIPTIN POLYMORPHS, AND
PROCESSES FOR PREPARATION THEREOF

FIELD OF THE INVENTION

[0001] The invention relates to Saxagliptin Schiff bases, polymorphs of
Saxagliptin and (18,35,5S5)-2-[(25)-2-propan-2-ylideneamino-2-(3-hydroxy-1-
adamantyl)acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile, processes for preparing

Saxagliptin hydrates, and pharmaceutical compositions thereof.

BACKGROUND OF THE INVENTION
[0002] Saxagliptin, (15,38,55)-2-((25)-2-Amino-2-(3-hydroxyadamantan-1-yl)-

acetyl)-2-azabicyclo[3.1.0]hexane-3-carbonitrile of the following chemical structure:

o H
N "JHH
NH
OH 2
Vi

is reported to be a dipeptidyl peptidase IV (DPP4) inhibitor. Saxagliptin is marketed
under the trade name ONGLYZA® by Bristol-Myers Squibb for the treatment of type
2 diabetes.

[0003] Saxagliptin, and its hydrochloride and trifluoroacetic acid salts are
disclosed in US 6,395,767, and US 7,420,079 discloses Saxagliptin and its
hydrochloride, trifluoroacetic acid and benzoate salts, as well as Saxagliptin

monohydrate.

[0004] U.S. 2009/054303 and the corresponding WO 2008/131149 disclose
several crystalline forms of Saxagliptin and of Saxagliptin salts. The crystalline

forms of Saxagliptin reported in this patent application are a monohydrate (denoted
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there as form H-1), a hemihydrate (denoted there as form H0.5-2), and an anhydrous
form (denoted there as N-3).

[0005] WO 2005/117841 (the '841 application) describes the cyclization of
Saxagliptin to form the therapeutically inactive cyclic amidine. The '841 application

reports that this cyclization can occur both in solid state and solution state.

[0006] Polymorphism, the occurrence of different crystal forms, is a property of
some molecules and molecular complexes. A single molecule, like Saxagliptin, may
give rise to a variety of polymorphic forms having distinct crystal structures and
physical properties like melting point, X-ray diffraction (XRD) pattern, infrared
absorption fingerprint, and solid state NMR spectrum. One polymorphic form may
give rise to thermal behavior different from that of another polymorphic form.
Thermal behavior can be measured in the laboratory by such techniques as capillary
melting point, thermogravimetric analysis (TGA), and differential scanning
calorimetry (DSC) as well as content of solvent in the polymorphic form, which have

been used to distinguish polymorphic forms.

[0007] The difference in the physical properties of different polymorphic forms
results from the orientation and intermolecular interactions of adjacent molecules or
complexes in the bulk solid. Accordingly, polymorphs are distinct solids sharing the
same molecular formula yet having distinct advantageous physical properties

compared to other polymorphic forms of the same compound or complex.

[0008] One of the most important physical properties of pharmaceutical
compounds is their solubility in aqueous solution, particularly their solubility in the
gastric juices of a patient. For example, where absorption through the gastrointestinal
tract is slow, it is often desirable for a drug that is unstable to conditions in the
patient’s stomach or intestine to dissolve slowly so that it does not accumulate in a
deleterious environment. Different polymorphic forms or polymorphs of the same

pharmaceutical compounds can and reportedly do have different aqueous solubilities.

[0009] The discovery of new polymorphic forms of Saxagliptin and Saxagliptin
intermediates provides new opportunities to improve the synthesis and the
characteristics of the active pharmaceutical ingredient (API). It enlarges the

repertoire of materials that a formulation scientist has available for designing, for
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example, a pharmaceutical dosage form of a drug with a targeted release profile or

other desired characteristic.

[0010] Therefore, there is a need for additional solid state forms of Saxagliptin
and Saxagliptin intermediates, and additional methods for preparing Saxagliptin
crystal forms that provide Saxagliptin efficiently, and can be applied in an industrial

scale.

SUMMARY OF THE INVENTION

[0011] In one embodiment the invention encompasses Saxagliptin Schiff bases.

[0012] In another embodiment the invention encompasses Saxagliptin Schiff

bases of Formula I (wherein the stereochemistry is not defined):

OH
0
N
N CN
R'—¢
T
Formula I

wherein R' is —=H or C,4 alkyl and R is H or C 4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C,4 alkyl, halogen, or C4

alkoxy.

[0013] In yet another embodiment the invention encompasses Saxagliptin Schiff

bases of Formula I (wherein the stereochemistry is not defined):

OH
0
N
N CN
R\
T
Formula I
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wherein R' is —=H or C )4 alkyl and R” is Cy_4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C,4 alkyl, halogen, or C4

alkoxy.

[0014] In another embodiment, the present invention encompasses Saxagliptin

Schiff bases having fixed stereochemistry according to the following formula Ia:

OH
0
N
N CN
R/
T
Formula la

wherein R' is —=H or C,4 alkyl and R is H or C 4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C;4 alkyl, halogen (particularly
Cl, Br or I, more preferably Cl or Br), or C;4 alkoxy. Preferably the substituents on
the phenyl are C )4 alkyl or Cy_4 alkoxy. Preferably, R'is C 4 alkyl. R”is preferably
C4 alkyl or unsubstituted phenyl. More preferably, R' and R* are each
independently selected from Cy4 alkyl. In preferred embodiments, R' and R? are the
same, and are preferably selected from C,; 4 alkyl, particularly C;; alkyl and
particularly methyl or ethyl. Preferably, R' and R? are methyl.

[0015] In yet another embodiment, the present invention encompasses
Saxagliptin Schiff bases having fixed stereochemistry according to the following

formula la:

OH
0]
N
R1 / N CN
RZ
Formula la
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wherein R' is —=H or C )4 alkyl and R” is Cy_4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C;4 alkyl, halogen (particularly
Cl, Br or I, more preferably Cl or Br), or C;4 alkoxy. Preferably the substituents on
the phenyl are C,4 alkyl or C4 alkoxy. Preferably, R'is C4 alkyl. R” is preferably
C 4 alkyl or unsubstituted phenyl. More preferably, R' and R” are each
independently selected from Cy4 alkyl. In preferred embodiments, R' and R” are the
same, and are preferably selected from C,; 4 alkyl, particularly C, 3 alkyl and
particularly methyl or ethyl. Preferably, R' and R? are methyl.

[0016] In another embodiment the invention encompasses (1S,3S,55)-2-[(25)-2-
propan-2-ylideneamino-2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]-

hexane-3-carbonitrile, referred to herein as Compound M:

OH
@)
N
\rN CN
Compound M

[0017] In yet another embodiment the invention encompasses crystalline
compound M. Crystalline compound M can be characterized by data selected from: a
powder XRD pattern with peaks at 11.2, 12.6, 14.0, 16.6, and 19.5 £ 0.2 degrees 2-
theta, a powder X-ray diffraction (XRD) pattern substantially as depicted in Figure 7,

and combinations thereof.

[0018] In another embodiment the invention encompasses Schiff bases of
Saxagliptin, in particular the above described compounds according to formulae I and

Ia, and the compound M, for use in preparation of pharmaceutical formulation.

[0019] In another embodiment the invention encompasses Schiff bases of
Saxagliptin, in particular the above described compounds according to formulae I and
Ia, and the compound M, for use in preparation of (a) Saxagliptin and polymorphs

thereof; (b) Saxagliptin salts, preferably Saxagliptin hydrochloride and polymorphs
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thereof; and (c) formulations of Saxagliptin or Saxagliptin salts, preferably

Saxagliptin hydrochloride.

[0020] In yet another embodiment the invention encompasses a process for
preparing Saxagliptin, Saxagliptin salts and polymorphic forms thereof; comprising
preparing Schiff bases of Saxagliptin, in particular the above described compounds
according to formulae I and Ia, and the compound M by the process of the present
invention and converting them to Saxagliptin, Saxagliptin salts and polymorphs

thereof.

[0021] In one embodiment the invention encompasses crystalline Saxagliptin,
designated form FI, characterized by a powder XRD pattern having peaks at 7.4, 8.6,
15.3,17.1, and 18.0 = 0.2 degrees 2-Theta.

[0022] In yet another embodiment, the invention encompasses the above
described polymorph of Saxagliptin for use for the manufacture of a medicament for

the treatment of type 2 diabetes.

[0023] In yet another embodiment, the invention encompasses a pharmaceutical
composition comprising the above described polymorph of Saxagliptin and at least

one pharmaceutically acceptable excipient.

[0024] In one embodiment the invention encompasses a process for preparing

crystalline Saxagliptin monohydrate form H-1, as described below.

[0025] In another embodiment the invention encompasses a process for preparing

crystalline Saxagliptin hemihydrate form H0.5-2, as described below.

[0026] In yet another embodiment the invention encompasses a process for
preparing a mixture of crystalline Saxagliptin monohydrate form H-1 and crystalline

Saxagliptin hemihydrate form H0.5-2, as described below.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a powder X-ray diffraction (XRD) pattern of crystalline
Saxagliptin designated form FI, in a mixture with crystalline Saxagliptin monohydrate

H-1.
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Figure 2 shows a powder XRD pattern of crystalline Saxagliptin monohydrate
form H-1.

Figure 3 shows a Fourier Transform Infrared (FT-IR) spectrum of crystalline

Saxagliptin monohydrate form H-1.

Figure 4 shows a powder XRD pattern of crystalline Saxagliptin hemihydrate
form HO.5-2.

Figure 5 shows a FT-IR spectrum of crystalline Saxagliptin hemihydrate form
HO0.5-2

Figure 6 shows a powder XRD pattern of a mixture of crystalline Saxagliptin

monohydrate form H-1 and crystalline Saxagliptin hemihydrate form H0.5-2.

Figure 7 shows a powder XRD pattern of crystalline (15,35,55)-2-[(25)-2-
propan-2-ylideneamino-2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]-
hexane-3-carbonitrile (crystalline compound M).

Figure 8 shows a FT-IR spectrum of crystalline (15,35,55)-2-[(25)-2-propan-
2-ylideneamino-2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]hexane-3-

carbonitrile (crystalline compound M).

Figure 9 shows a Fourier transform (FT) Raman spectrum of crystalline
(18,38,55)-2-[(25)-2-propan-2-ylideneamino-2-(3-hydroxy-1-adamantyl)acetyl]-2-

azabicyclo[3.1.0]hexane-3-carbonitrile (crystalline compound M).

Figure 10 shows a differential scanning calorimetry (DSC) thermogram of
crystalline (15,38,55)-2-[(2S)-2-propan-2-ylideneamino-2-(3-hydroxy-1-adamantyl)-
acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile (crystalline compound M).

Figure 11 shows a powder XRD pattern of crystalline Saxagliptin

monohydrate form H-1 prepared according to example 17.
Figure 12 shows a powder XRD pattern of amorphous Saxagliptin.

Figure 13 shows solid state Nuclear magnetic resonance (NMR) spectrum of
crystalline (15,38,55)-2-[(2S)-2-propan-2-ylideneamino-2-(3-hydroxy-1-adamantyl)-
acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile (crystalline compound M).



WO 2011/140328 PCT/US2011/035343

DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention relates to Schiff bases of (1S,3S,55)-2-((2S)-2-amino-2-(3-
hydroxyadamantan-1-yl)acetyl)-2-azabicyclo[3.1.0]hexane-3-carbonitrile,

Saxagliptin. Saxagliptin Schiff bases of the present invention, in particular compound
M, can be used as novel intermediates in the preparation of Saxagliptin and
polymorphs thereof, in particular Saxagliptin hydrates (e.g. Saxagliptin forms H-1 and
HO0.5-2, particularly form H-1) and Saxagliptin salts and polymorphs thereof (in
particular Saxagliptin hydrochloride). The invention also provides a novel crystalline
form of Saxagliptin, as well as processes for preparing Saxagliptin hydrates, and

pharmaceutical compositions containing these forms of Saxagliptin.

[0028] The novel Saxagliptin Schiff bases intermediates, in particular the Schiff
base of formula I (or Ia), for example, compound M, can be used to purify Saxagliptin
and salts thereof. In particular, the compounds of Formula I (or Ia) and Formula M
are especially useful as intermediates in the purification of Saxagliptin, polymorphs
thereof, in particular Saxagliptin hydrates (especially Forms H-1 and H0.5-2, and
particularly Form H-1) and Saxagliptin salts and polymorphs thereof (particularly
Saxagliptin HCI). In addition, the intermediates can used to directly prepare

Saxagliptin salts, for example Saxagliptin HCI.

[0029] The novel Saxagliptin Schiff bases, in particular the Schiff bases of
formula I and formula Ia, for example, compound M, have advantageous properties
selected from at least one of: chemical purity, flowability, solubility, morphology or
crystal habit and stability — such as storage stability. .Schiff bases of formula I and
formula la, and in particular crystalline compound form M of the present invention
has advantageous enhanced chemical stability, for example when compared to

Saxagliptin monohydrate form H-1.

[0030] A crystal form may be referred to herein as being characterized by
graphical data “as depicted in” a Figure. Such data include, for example, powder X-
ray diffractograms, FT-IR spectra and solid state NMR spectra. The skilled person
will understand that such graphical representations of data may be subject to small
variations, €.g., in peak relative intensities and peak positions due to factors such as

variations in instrument response and variations in sample concentration and purity,
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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 confirm whether the two
sets of graphical data are characterizing the same crystal form or two different crystal

forms.

[0031] 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 powder XRD.
Thus, polymorphs of Saxagliptin Schiff bases, Saxagliptin or Saxagliptin
hydrochloride 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 Saxagliptin or Saxagliptin hydrochloride. Accordingly,
in some embodiments of the invention, the described polymorphs of Saxagliptin or
Saxagliptin hydrochloride 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 Saxagliptin or

Saxagliptin hydrochloride.

[0032] As used herein, the term crystalline Saxagliptin monohydrate form H-1
refers to a crystalline Saxagliptin monohydrate form H-1 (e.g. as disclosed in US
2009/0054303) characterized by suitable analytical techniques, such as: a powder
XRD pattern having peaks at 12.4, 13.3, 13.6, 14.7, 16.2, 18.2, 19.9, 20.9, 21.9 and
22.4 degrees 2-theta = 0.1 degrees 2-theta, a powder XRD pattern substantially as
depicted in Figure 2 or Figure 11; a FT-IR pattern substantially as depicted in Figure

3, or combinations of these analytical data.

[0033] As used herein, the term crystalline Saxagliptin hemihydrate form H0.5-2
refers to a crystalline Saxagliptin hemihydrate form HO0.5-2 (e.g. as disclosed in US
2009/0054303) characterized by analytical data such as: a powder XRD pattern
substantially as depicted in Figure 4, a FT-IR pattern substantially as depicted in

Figure 5, a selection of characteristic peaks from the Fig. 4 powder XRD pattern or
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the Fig. 5 FT-IR pattern that distinguish form H0.5-2 from other forms of crystalline

Saxagliptin hemihydrate, or combinations of these analytical data.

[0034] Unless stated otherwise, the powder XRD peaks referred to herein were

measured using a Cu radiation source having a wavelength of 1.54184 A.

[0035] Unless stated otherwise, the HPLC peak % referred to herein were

measured using a UV detection having a wavelength of 220 nm.

[0036] As used herein, the expression "Room temperature” or "RT" refers to a
temperature from about 20 °C to about 30 °C. Usually, room temperature ranges

from about 20°C to about 25 °C.

[0037] As used herein, the expression "atmospheric pressure” refers to local

atmospheric pressure, i.¢., a pressure of about 1 atm or about 760 mmHg

[0038] As used herein, the term “Overnight” refers to a time period of from about

15 to about 20 hours, typically between about 16 to about 20 hours.

[0039] As used herein, and unless stated otherwise, the term “anhydrous” in
relation to crystalline Saxagliptin relates to a crystalline Saxagliptin which contains
not more than 1%, preferably not more than 0.5% (w/w) of either water or organic

solvents as measured by TGA.

[0040] As used herein, the term “wet crystalline form” refers to a polymorph that

was not dried using any conventional techniques to remove residual solvent.

[0041] As used herein, the term “dry crystalline form” refers to a polymorph that
was dried using any conventional techniques, e.g., vacuum drying to remove residual

solvent.
[0042] The invention encompasses Saxagliptin Schiff bases.

[0043] In one embodiment the invention encompasses Saxagliptin Schiff bases of

Formula I (wherein the stereochemistry is not defined):

10
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OH

CN

N
R
1
Formula I

[0044] wherein R' is —=H or C 4 alkyl and R? is H or C 4 alkyl, phenyl or
substituted phenyl, wherein phenyl may be substituted with, for example, C,_4 alkyl,
halogen, or C;_4 alkoxy. According to some embodiments, phenyl may be substituted
with one, two or three groups, which may be the same or different, selected from C1-4

alkyl, halogen (particularly CI, Br or I, more preferably Cl or Br), and C1-4 alkoxy.

[0045] In particular, the invention encompasses Saxagliptin Schiff bases of the

following formula I (wherein the stereochemistry is not defined):

OH

R2
Formula I

wherein R' is —=H or C )4 alkyl and R” is Cy_4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C;4 alkyl, halogen (particularly
Cl, Br or I, more preferably Cl or Br), or C; 4 alkoxy. Preferably the substituents on
the phenyl are C )4 alkyl or Cy_4 alkoxy. Preferably, R'is C 4 alkyl. R”is preferably

C 4 alkyl or unsubstituted phenyl. More preferably, R' and R” are each
independently selected from Cy4 alkyl. In preferred embodiments, R' and R? are the
same, and are preferably selected from C,; 4 alkyl, particularly C;; alkyl and
particularly methyl or ethyl. Preferably, R' and R? are methyl.

[0046] In preferred embodiment, the present invention encompasses Saxagliptin

Schiff bases having fixed stereochemistry according to the following formula la:

11
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OH
0
N
N CN
Ry
T
Formula la

wherein R' is —=H or C,4 alkyl and R is H or C 4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C, 4 alkyl, halogen (particularly
Cl, Br or I, more preferably Cl or Br), or C;4 alkoxy. Preferably the substituents on
the phenyl are C )4 alkyl or Cy_4 alkoxy. Preferably, R'is C 4 alkyl. R”is preferably

C 4 alkyl or unsubstituted phenyl. More preferably, R' and R” are each
independently selected from C,4 alkyl. In preferred embodiments, R' and R are the
same, and are preferably selected from C,; 4 alkyl, particularly C;; alkyl and
particularly methyl or ethyl. Preferably, R' and R? are methyl.

[0047] In more preferred embodiment, the present invention encompasses
Saxagliptin Schiff bases having fixed stereochemistry according to the following

formula la:

OH
o)
N
R N CN
R2
Formula Ia

wherein R' is —=H or C,4 alkyl and R2 is C,_4 alkyl, phenyl or substituted phenyl,
wherein phenyl may be substituted with, for example, C;4 alkyl, halogen (particularly
Cl, Br or I, more preferably Cl or Br), or C;4 alkoxy. Preferably the substituents on
the phenyl are C\4 alkyl or C1-4 alkoxy. Preferably, R'is C4 alkyl. R” is preferably
C\4 alkyl or unsubstituted phenyl. More preferably, R' and R” are each

independently selected from Cy4 alkyl. In preferred embodiments, R' and R” are the

12
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same, and are preferably selected from C,; 4 alkyl, particularly C, 3 alkyl and
particularly methyl or ethyl. Preferably, R' and R? are methyl.

[0048] The invention particularly encompasses (185,35,55)-2-[(2S5)-2-propan-2-
ylideneamino-2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]hexane-3-carbo-

nitrile, referred to as Compound M:
OH
0
N
\r N CN

Compound M

[0049] The compound of Formula M can be characterized by data such as NMR,
FT-IR, MS or combinations thercof.

[0050] Compound M can be characterized by data selected from: 'H NMR
(CDCls, 600 MHz) having peaks at 0.83-0.89, 0.92-0.97, 1.50-1.73, 1.80, 1.85, 2.10,
2.23,2.30,2.42-2.49, 3.82, 3.97 and 5.00 ppm; a *C NMR (CDCls, 150 MHz,)
having peaks at 12.1, 17.6, 19.6, 29.7, 29.9, 30.6, 30.7, 35.6, 37.0, 38.0, 38.5, 41.6,
44.7,44.8,45.7,47.1,69.1, 73.7, 120.0, 169.8 and 169.9 ppm; and combinations
thereof.

[0051] The compounds of Formula I, Ia, and particularly Compound M can be in
an isolated form, preferably in a crystalline form. As used herein, the term "isolated"
in reference to Formula I, Ia and compound M corresponds to compounds of Formula
I, Ia and Compound M that are physically separated, ¢.g. from the reaction mixture
wherein they are formed. Preferably the Compounds of Formula I, Ia and Compound
M contain 5% or less, preferably 4% or less, more preferably 2% or less, or 1% or

less, and most preferably 0.5% or less of the starting saxagliptin.

[0052] Preferably, the compounds of Formula I, Ia and compound M each have
purities (e.g. as measured by HPLC or by wt%) of at least about 95%, more preferably
at least about 97%, still more preferably at least about 98%, and most preferably at

least about 99%. Preferably, the compounds of Formula I, Ia and compound M each

13
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contain less than about 2% (e.g. as measured by HPLC or by wt%), preferably less
than about 1%, more preferably less than about 0.5% and most preferably less than

about 0.4% of the cyclic amidine impurity of saxagliptin:

OH

HN

NH

[0053] The Schiff bases of Formula I, Ta, and Compound M are stable to storage.
In particular, the compounds of Formula I, Ia and Compound M and their crystalline
forms according to the invention are stable under typical room conditions (room
temperature, atmospheric pressure, relative humidity of about 40%). In particular,
compounds of formula I, Ia, and compound M and crystalline forms thereof are stable
to the intra-molecular cyclization known to occur for Saxagliptin to form the cyclic
amidine impurity above (see for example WO 2005/117841). Preferably, compounds

of Formula I and Ia, and particularly Compound M, are stable to storage:
(i) at 40°C and 40% relative humidity over a period of at least 1 month
(ii) at 40°C and 40% relative humidity over a period of at least 2 months
(iii) at 50°C and 0% relative humidity over a period of at least 1 month
(iv) at 50°C and 0 % relative humidity over a period of at least 2 months

[0054] By “stable to storage” it is meant that the % purity (e.g. by weight or by
HPLC) of the Compound of Formula I, Ia or Compound M after storage at the above
conditions [preferably after storage at conditions (iii) or (iv), and more preferably at
condition (iv)], decreases by not more than about 0.8%, preferably no more than about
0.6%, typically no more than about 0.4% and more preferably no more than about
0.25% (percentage of the purity after manufacture (time zero). Preferably, the term
“stable to storage” means that the Compound of Formula I, Ia or Compound M after
storage at the above conditions [preferably after storage at conditions (iii) or (iv), and
more preferably at condition (iv)] has a purity (e.g. by HPLC or by weight) of at least
about 98%, preferably at least about 98.5%, and more preferably at least about 99%.
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[0055] Typically, immediately after manufacture (time zero) the amount of the
cyclic amidine impurity is 0.4% (by weight or by HPLC) or less, more preferably
about 0.3% or less, and most preferably about 0.2% or less. Thus, preferably, by
“stable to storage”, it is meant that the % (by weight or by HPLC) of the cyclic
amidine impurity after storage at the above conditions [preferably after storage at
conditions (iii) or (iv), and more preferably at condition (iv)] is about 0.8% or less,
preferably about 0.7% or less, more preferably about 0.6% or less, and most

preferably about 0.4% or less.

[0056] In one embodiment the invention encompasses crystalline compound M,
characterized by data selected from: a powder XRD pattern with peaks at 11.2, 12.6,
14.0, 16.6, and 19.5 + 0.2 degrees 2-theta; a powder XRD pattern substantially as
depicted in Figure 7; a solid state NMR with peaks at 171.43, 42.13 and 29.83 ppm +
0.2 ppm; a solid state NMR pattern substantially as depicted in Figure 13; and

combinations thereof.

[0057] The above crystalline compound M can be further characterized by data
selected from: additional powder XRD peaks at 14.5, 19.1 and 30.2 + 0.2 degrees 2-
theta; a solid state NMR with additional peaks at 43.59 and 37.23 ppm £ 0.2 ppm; a
FT-IR spectrum substantially as depicted in Figure 8; a FT Raman spectrum
substantially as depicted in Figure 9; a DSC thermogram substantially as depicted in

Figure 10; and combinations thereof.

[0058] The compound of formula I or Ia and Compound M can be prepared by

reacting saxagliptin base with an aldehyde or ketone of formula:

wherein R' and R? have the same meanings as mentioned above for Formula I. Thus,
R'is —H or C14 alkyl and R? is C)_4 alkyl, phenyl or substituted phenyl, wherein
phenyl may be substituted with, for example, C; 4 alkyl, halogen (particularly Cl, Br
or I, more preferably Cl or Br), or C;.4 alkoxy. Preferably the substituents on the
phenyl are C,4alkyl or C,4alkoxy. Preferably, R'is Ci4alkyl. R”is preferably C;4
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alkyl or unsubstituted phenyl. More preferably, R' and R” are each independently
selected from Cy.4alkyl. In preferred embodiments, R' and R? are the same, and are
preferably selected from C,; 4 alkyl, particularly C,; 3 alkyl and particularly methyl or
cthyl. Preferably, R' and R? are methyl.

[0059] Typically, the compound of formula I (or Ia), and in particular compound
M, and their crystalline forms can be prepared by a process comprising dissolving or
suspending Saxagliptin base in a ketone solvent, such as methyl ethyl ketone
("MEK"), methyl isobutyl ketone ("MIBK"), acetophenone or acetone; or an aldehyde
solvent, for example, formaldehyde, acetaldehyde, or benzaldehyde; and precipitating
the compound of formula I (or Ia). The process comprises providing a solution or a
suspension of Saxagliptin base in the above described solvents, preferably at about
room temperature, and precipitating. The solution or the suspension can be
maintained for a period such as from about 3 hours to about 48 hours, preferably from
about overnight to about 24 hours, at a temperature such as room temperature. The
Compound of formula I (or Ia) can then be recovered from the suspension, for
example by filtering and drying. Drying can be done under vacuum, for example on a

temperature such as about room temperature to about 40°C, for about 2 hours.

[0060] In particular, the invention encompasses a process for the preparation of
compound M and its crystalline form; said process comprises dissolving or
suspending Saxagliptin base in the above described solvents, preferably in acetone,

and precipitating compound M.

[0061] Compound M can also be prepared by a process comprising maintaining
Saxagliptin, preferably amorphous Saxagliptin in an acetone atmosphere. The process
can be done in a desiccator, at a temperature such as room temperature, for a period of

about 12 hours to about 48 hours, preferably 24 hours.

[0062] The Schiff bases of Saxagliptin, in particular the above described
compounds of formula I (and Ia) and compound M , as well as their crystalline forms
can be used to prepare and to purify Saxagliptin and salts thereof, for example,

Saxagliptin HCL

[0063] In one embodiment the invention encompasses the preparation of

Saxagliptin, Saxagliptin salts and their polymorphic forms thereof by a process
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comprising preparing a Saxagliptin Schiff base, in particular Saxagliptin Schiff base
of formula I or la, or compound M and converting that compound to Saxagliptin. The
conversion process to prepare Saxagliptin and polymorphs thereof, in particular
Saxagliptin hydrate, can comprise, hydrolysis of the Saxagliptin Schiff base as
defined above. Typically, the hydrolysis is carried out by exposure of Saxagliptin
Schiff base as defined above to water. The process can be done, for example, by
maintaining compound M in a relative humidity (RH) of about 100%, for a period of

about 24 hours; or alternatively, suspending compound M in water.

[0064] In another embodiment the invention encompasses the preparation of a
Saxagliptin salt, by a process comprising:

a) dissolving preparing Saxagliptin Schiff base, in particular Saxagliptin Schiff base
of formula I, Ia and compound M in a suitable solvent, preferably a water miscible
solvent more preferably acetone;

b) adding an acid (preferably a mineral acid, and more preferably hydrochloric acid),
and optionally water; and

¢) recovering the Saxagliptin salt.

[0065] In particular, the invention encompasses a process for preparing
Saxagliptin HCI comprising reacting a Schiff base according to Formula I or Ia, such
as for example, compound M, and a sufficient amount of HCl. The process typically
comprises dissolving compound M in a suitable solvent such as acetone or ethyl
acetate; and adding HCl, preferably aqueous HCI, in an amount of from 1 to 2 mole
equivalents, for example, about 1.1 mole equivalents, to obtain a suspension, from
which Saxagliptin HCI precipitates. Optionally, water can be added to the suspension
prior to the recovery of Saxagliptin HCI.

[0066] Saxagliptin HCI can be recovered from the suspension, for example by

filtering and drying. Drying can comprise air drying.

[0067] The present invention encompasses Schiff bases of Saxagliptin, in
particular the above described compounds of formula I (and Ia), and compound M, for
use in preparation of (a) Saxagliptin; (b) Saxagliptin salts, preferably Saxagliptin
hydrochloride; and (c¢) formulations of Saxagliptin or Saxagliptin salts, preferably

Saxagliptin hydrochloride
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[0068] The present invention also encompasses Schiff bases of Saxagliptin, in
particular the above described compounds of formula I (and Ia) and compound M, for
use in preparation of pharmaceutical formulations. The pharmaceutical formulations

can be used for the treatment of type 2 diabetes

[0069] In one embodiment the invention encompasses crystalline Saxagliptin,
designated form FI. Form FI can be characterized by a powder XRD pattern having
peaks at 7.4, 8.6, 15.3, 17.1, and 18.0 degrees 2-theta + 0.2 degrees 2-theta. Form FI
can be further characterized by additional powder XRD peaks at 16.6, 21.7, 24.1, and
27.0 degrees 2-theta £ 0.2 degrees two-theta.

[0070] Alternatively Saxagliptin form FI can be characterized by a powder XRD
pattern with peaks at 7.4, 8.6, 15.3, 16.6, 17.1, 18.0, 21.7, 24.1, and 27.0 degrees two
theta + 0.2 degrees two theta. In addition, Saxagliptin form FI can be characterized

by any combination of the above data.

[0071] Form FI can be in a mixture with crystalline form H1. This mixture can be
characterized by a powder XRD pattern substantially as depicted in Figure 1.
Typically, the presence of form H1 in the mixture can be can be detected by powder
XRD using the peaks at 13.2, 13.6, and 18.1 degrees two theta £ 0.2 degrees two
theta.

[0072] Saxagliptin form FI can be used for the manufacture of a medicament for

the treatment of type 2 diabetes.

[0073] The invention also encompasses novel processes for the preparation of
crystalline Saxagliptin monohydrate form H-1, crystalline Saxagliptin hemihydrate
form HO.5-2 and a mixture of crystalline Saxagliptin monohydrate form H-1 and

crystalline Saxagliptin hemihydrate form HO.5-2.

[0074] The process for preparing crystalline Saxagliptin monohydrate form H-1
comprises maintaining amorphous Saxagliptin in an atmosphere of a solvent selected
from ethanol 96% (v/v), dibutyl ether, and water at about 80% to about 100% relative
humidity; at a temperature of about room temperature for a period of about 24 hours

to about 48 hours.
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[0075] The process for preparing crystalline Saxagliptin hemihydrate form H0.5-2
comprises maintaining amorphous Saxagliptin in an atmosphere of ethyl acetate at a

temperature of about room temperature for a period of about 24 hours.

[0076] The process for preparing a mixture of crystalline Saxagliptin mono-
hydrate form H-1 and crystalline Saxagliptin hemihydrate form H0.5-2 comprises
maintaining amorphous Saxagliptin in an atmosphere of a solvent selected from:
toluene, diethyl ether, methyl acetate, isobutyl acetate, 1-octanol, anisole and 1-

butanol; at a temperature of about room temperature for a period of about 48 hours.

[0077] 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 pharmaceutical composition can be useful for the
treatment of type 2 diabetes. The present invention also provides crystalline forms as
described above for use as a medicament, preferably for the treatment of type 2

diabetes.

[0078] 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.

Powder X-ray Diffraction method

[0079] After being powdered using mortar and pestle, the sample was 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 a Cu
irradiation source = 1.54184 A (Angstrom), X’ Celerator (2.022° 20) detector.
Scanning parameters: angle range: 3-40 deg., step size 0.0167, time per step 37 s,
continuous scan. In some samples, silicon powder was added as an internal standard,

the position of the silicon (Si) peak is indicated in the relevant figures. The described
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peak positions for Saxagliptin form FI and compound M were determined using
silicon powder as an internal standard in an admixture with the sample measured.
The position of the silicon (Si) peak was corrected to the silicon theoretical peak:
28.45 degrees two theta, and the positions of the measured peaks were corrected
respectively. No correction was performed on the diffractograms depicted in the

figures.
FT-IR method

[0080] IR spectra were recorded on Nicolet 6700 FT-IR spectrometer equipped
with KBr beam-splitter and DTGS detector. For each spectrum 16 scans were
recorded over the range 4000-400 cm-1, at resolution of 4.0 cm-1. Samples were
prepared as KBr pellets. Air (empty sample compartment) was used for background

spectrum acquisition.

FT Raman method

[0081] Raman spectrum was acquired on a Nicolet 6700 interferometer, equipped
with an NXR FT-Raman module. A Nd-YAG laser (1064 nm, 500 mW) was used to
excite the sample. The spectrometer utilizes a CaF2 beamsplitter and a liquid

nitrogen cooled Ge detector. The spectrum was recorded at resolution of 4 cm-1. An

NMR glass tube was used as sample holder.

Differential scanning calorimetry DSC method

[0082] DSC analysis was performed on Q 1000 MDSC TA instruments with
heating rate of 10 °C/min, under nitrogen flow of 50 ml/min. A hermetic aluminum,

closed pan with hole was used, and the sample mass was about 1-5 mg.

Nuclear magnetic resonance (NMR) method

[0083] 1H (600 MHz) and 13C (APT) (150 MHz) NMR spectra were recorded on
Bruker Avance DRX 600 NMR spectrometer. CDCI3 was used as a solvent.

Chemical shifts (), in ppm, are referred to TMS as internal standard.
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Solid state NMR method

[0084] Solid-state 13C NMR spectra were recorded with variable amplitude cross
polarization, magic angle spinning and high power proton decoupling using a
BRUKER Avance 11+ spectrometer operating at 125MHz and ambient temperature
(about 25°C — not controlled). A probe using 4mm o.d. zirconia rotors was employed.
The operation conditions were: contact time:2ms; recycle delay: 25s 256 scans; spin
rate of 11kHz. Chemical shifts were referenced via a replacement sample of glycine
(carboxyl carbon chemical shift assigned as 176.03 ppm relative to the signal of

tetramethylsilane).

High-performance liquid chromatography (HPLC) method

Instrumental and chromatographic conditions

Instrument: HPLC system equipped with UV detector.

e Flow rate: about 1 mL/min

¢ Injection volume: about 10 uL

e Column: Waters XBridge C8, 150 mm x 4.6 mm, 3.5 um
e Column temperature: 25°C

e Detector: DAD (UV) at wavelengths 220 nm

e Mobile phase: Gradient elution with Solution A and Solution B (see Table 1)
Solution A: Buffer solution. Dissolve in water about 24.0 g of
sodium octyl-1-sulfonate in 1000 mL volumetric flask, make
up to the volume with water and adjust pH to 3.3 with
phosphoric acid.

Solution B: Acetonitrile, HPLC grade
Table I — Gradient elution

t[min] | %B flow[mL/min]
0.0 15 1.00
10.0 60 1.00
10.1 60 0.90
18.0 75 0.90
25.0 75 0.90
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e Stop time: 25 minutes
e Post time: 5 minutes
e Diluent: Prepare a solution of 25% acetonitrile, 25% methanol,

and 50% of the buffer solution (the one that is used in

gradient elution).

The following chemicals (or equivalent) should be used:

Sodium Octyl-1-sulfonate, 99%

Phosphoric Acid, p.a.
Acetonitrile, HPLC grade

Preparation of solutions for impurities:

1.  Blank: Use the diluent.

2. Sample preparation: Prepare SXG sample solution with concentration of
about 1.0mg /mL prepare in duplicate
Procedure
Achieve a stable baseline in HPLC system.
Inject diluent

Inject sample solution into the chromatograph

EXAMPLES

Example 1: Preparation of starting material: amorphous Saxagliptin

[0085] Sdf (18,38,55)-2-[(2S)-2-[(1,1-dimethoxy)carbonyl|amino-2-(3-hydroxy-
I-adamantyl) acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile ("Boc-Saxagliptin")
(5.25 g; 12.63 mmol) was dissolved in 2-PrOH (6.7 mL) and water (6.3 mL) was
added. HCI (0.21 mL, 2.52 mmol, conc.) was added at room temperature with

stirring. The resulting mixture was heated to 65 °C and conc. HCI (1.27 mL; 15.14
mmol) was added dropwise to the reaction mixture over 5 minutes while maintaining
the temperature at 65 °C. The reaction mixture was stirred at 65 °C for 2 hours, then
cooled down to room temperature which resulted in formation of a precipitate. Water

(10.5 mL) and dichloromethane (31.5 mL) were added to the reaction mixture
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followed by addition of 10M NaOH (1.10 mL; 12.67 mmol) and 1.05 mL of water for
washing. Potassium carbonate (25% wt. solution, 5.6 mL) was added to adjust the pH
to 9. This was followed by addition of water (1.05 mL) and NaCl (6.56 g; 0.115 mol).
At this point, the pH dropped to 8.48 so an additional amount of K2CO3 solution was
added (1.0 mL) to adjust pH back to 9. The mixture was then stirred at room
temperature for 30 minutes after which the two-phase mixture was separated. The
separated water layer was extracted with dichloromethane (4x50 mL). The organic
layers were combined and evaporated to dryness under reduced pressure yielding 4.11

g of crude Saxagliptin.

[0086] The crude Saxagliptin residue was purified by flash chromatography in
CH,Cl,/ MeOH / NH3 (25% wt. sol.) 5:1:0.1 as eluent. Fractions containing the pure
product were combined and evaporated to dryness under reduced pressure with

moderate heating (40-43 °C), yielding 3.43 g (86%) of Saxagliptin as a white foam.

Example 2: Preparation of crystalline Saxagliptin form FI in a mixture with crystalline

Saxagliptin form H-1

[0087] Amorphous Saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of 2-propanol at room temperature. After 24 h the sample was tested by
powder XRD and a new crystalline form of Saxagliptin (FI) was found in a mixture

with crystalline Saxagliptin monohydrate H-1.

Example 3: Preparation of crystalline Saxagliptin monohvydrate form H-1

[0088] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of ethanol (96%, commercial denatured ethanol) at room temperature.
After 24 hours the sample was tested by powder XRD. Crystalline saxagliptin

monohydrate H-1 was found.

Example 4: Preparation of crystalline Saxagliptin monohvydrate form H-1

[0089] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of dibutyl ether at room temperature. After 48 hours the sample was

tested by powder XRD. Crystalline saxagliptin monohydrate H-1 was found.

Example 5: Preparation of crystalline Saxagliptin monohvydrate form H-1

[0090] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the

atmosphere of water, 100% relative humidity (determined by digital hygrometer) at
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room temperature. After 24 hours the sample was tested by powder XRD.

Crystalline saxagliptin monohydrate H-1 was found.

Example 6: Preparation of crystalline Saxagliptin monohvydrate form H-1

[0091] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of water, 80% relative humidity (determined by digital hygrometer) at
room temperature. After 24 hours the sample was tested by powder XRD.

Crystalline saxagliptin monohydrate H-1 was found.

Example 7: Preparation of crystalline Saxagliptin hemihydrate form H0Q.5-2

[0092] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of ethyl acetate at room temperature. After 24 hours the sample was

tested by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 was found.

Example &: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-1

and crystalline Saxagliptin hemihydrate form HQ.5-2

[0093] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of toluene at room temperature. After 48 hours the sample was tested by
powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate H-1

were found in a mixture

Example 9: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-1

and crystalline Saxagliptin hemihydrate form HQ.5-2

[0094] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of diethyl ether at room temperature. After 48 hours the sample was
tested by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate

H-1 were found in a mixture.

Example 10: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-

1 and crystalline Saxagliptin hemihydrate form H0.5-2

[0095] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of methyl acetate at room temperature. After 48 hours the sample was
tested by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate

H-1 were found in a mixture.
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Example 11: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-

1 and crystalline Saxagliptin hemihydrate form H0.5-2

[0096] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of iso-butyl acetate at room temperature. After 48 hours the sample was
tested by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate

H-1 were found in a mixture.

[0097] Example 12: Preparation of a mixture of crystalline Saxagliptin
monohydrate form H-1 and crystalline Saxagliptin hemihydrate form H0.5-2

[0098] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of 1-octanol at room temperature. After 48 hours the sample was tested
by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate H-1

were found in a mixture.

Example 13: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-

1 and crystalline Saxagliptin hemihydrate form H0.5-2

[0099] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of anisole at room temperature. After 48 hours the sample was tested by
powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate H-1

were found in a mixture.

Example 14: Preparation of a mixture of crystalline Saxagliptin monohydrate form H-

1 and crystalline Saxagliptin hemihydrate form H0.5-2

[00100] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of 1-butanol at room temperature. After 48 hours the sample was tested
by powder XRD. Crystalline saxagliptin hemihydrate H0.5-2 and monohydrate H-1

were found in a mixture.

Example 15: Preparation of crystalline (15,35.55)-2-[(25)-2-propan-2-ylideneamino-

2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile

(compound M)

[00101] Saxagliptine form H-1 (100 mg) was suspended in acetone (1 ml). The
suspension was stirred for 24 hours at room temperature, after which it was filtered
and dried on air, yielding 54 mg of crystalline product

'H NMR (CDCls, 600 MHz) 3 0.83-0.89 (m, 1H), 0.92-0.97 (m, 1H), 1.50-1.73 (m,
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12H), 1.80 (m, 1H), 1.85 (s, 3H), 2.10 (s, 3H), 2.23 (m, 2H), 2.30 (m, 1H), 2.42-2.49
(m, 1H), 3.82 (m, 1H), 3.97 (m, 1H), 5.00 (m, 1H).

BC NMR (CDCls, 150 MHz,) § 12.1, 17.6, 19.6, 29.7, 29.9, 30.6, 30.7, 35.6, 37.0,
38.0,38.5,41.6,44.7,44.8,45.7,47.1,69.1, 73.7, 120.0, 169.8, 169.9.

Example 16: Preparation of crystalline (15,35.55)-2-[(25)-2-propan-2-ylideneamino-

2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile

(compound M)

[00102] Amorphous saxagliptin was placed in a Petri dish in a desiccator in the
atmosphere of acetone at room temperature. After 24 hours the sample was tested by

powder XRD. Crystalline compound M was obtained.

Example 17: Preparation of crystalline Saxagliptin monohydrate form H-1

[00103] Crystalline compound M was placed in a Petri dish in a desiccator in the
atmosphere of water, 100% relative humidity at room temperature. After 24 hours the
sample was tested by powder XRD. Crystalline saxagliptin monohydrate H-1 was
found, powder XRD as depicted in Figure 11, sample was measured using silicone

standard. No correction was performed on the figure.

Example 18: Preparation of Saxagliptin base

[00104] Purified Boc-Saxagliptin (15.9 g) was dissolved in 2-PrOH, p.a. (95.4
mL). To this solution, an equal volume of water (95.4 mL) was added. The measured
pH was 8.2. The pH of the solution was adjusted to 1.0 by the addition of 6.4 mL of
conc. HCL. The resulting solution was heated to reflux and stirred at reflux for 4
hours. After this time all of the Boc- Saxagliptin was converted to Saxagliptin base
(HPLC). The solution was then cooled to room temperature and dichloromethane
(DCM) (159 mL) was added. After the DCM was added, the measured pH was 1.03.
The pH was adjusted to 9.03 by adding 70.8 mL of 1M NaOH. The layers of the
resulting 2-phase mixture were separated. To the upper (water layer) was added