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HIGHLY EFFICIENT PROCESS FOR THE PREPARATION OF SITAGLIPTIN VIA
RHODIUM CATALYZED ASYMMETRIC HYDROGENATION

FIELD OF THE INVENTION

The present invention provides highly efficient process for the preparation of
enantiomerically enriched Sitagliptin. More particularly, a direct rhodium catalyzed
asymmetric hydrogenation in the presence of bis-phosphine chiral ligand has been developed

to yield enantiopure Sitagliptin product with the highest enantiomeric excess of 85-99.9%.

BACKGROUND AND PRIOR ART OF THE INVENTION

Beta amino acids and its derivatives have lot of medicinal significance. Beta amino acids are
also present in peptides and different heterocycles. In beta amino acids, the amino group is
linked to the beta carbon. Different free forms and derivatives of beta amino acid exhibit
interesting pharmacological effects. Many methods of syntheses and transformations have
been explored to obtain enantiomerically pure product of beta amino acid derivative. Still it is
a challenge in organic synthesis to develop a process for the preparation of beta amino acids
with high enantiomeric excess, when different functional groups are bonded to the beta
carbon in order to maintain the chirality.

Many API’s exhibiting antibiotic, antifungal, cytotoxic, and other pharmacological
properties comprise the product of the present invention, a chiral beta-amino acid
derivatives. They are therefore frequently used chiral building blocks in organic synthesis.
Another important application is the substitution of unnatural alpha- and beta-amino acids in
biologically active peptides, which greatly enhance the understanding of enzyme
mechanisms, protein conformations and properties related to molecular recognition, and for
obtaining peptides with increased potency and enzymatic stability.

More preferably, here the beta amino acid compound is Sitagliptin Formula Ia. Sitagliptin is
chemically known as (R)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
al]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine and marketed as a phosphate salt
under trade name JANUVIA by Merck.
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NH, O

Formula Ia

Sitagliptin is used possibly with other medications to control high blood sugar. It is used in
people with type 2 diabetes. Controlling high blood sugar helps prevent kidney damage,
blindness, nerve problems, loss of limbs, and sexual function problems. Proper control of
diabetes may also lessen your risk of a heart attack or stroke. Sitagliptin is a diabetes drug that
works by increasing levels of natural substances called incretins. Incretins help to control blood
sugar by increasing insulin release, especially after a meal. It also decreases the amount of sugar
in liver.

J. Org. Process Res. Dev. 2005, 9, 634—639 describes lengthy multi step reaction process
giving only 52% yield of sitagliptin. However, in this transformation selective separation of
(E/Z) isomers was problematic as well as overall approach was multi-step.

J. Am. Chem. Soc. 2009, 131(32): p. 11316-11317 reports direct asymmetric reductive
amination to sitagliptin with 96% yield and 99.5% enantiomeric excess, which is achieved by
using Ruthenium metal and (R)-dm-segphos as ligand in presence of acidic additives like
acetic acid, benzoic acid, salicylic acid, chloroacetic acid etc.

PCT application WO2005097733 describes the process for the preparation of beta amino acid
derivatives including sitagliptin using Ru catalyst in the presence of chiral mono- or bis-
phosphene ligands. But this application specifically does not include ferrocenyl bisphosphene
ligands with Ru catalyst for asymmetric hydrogenation, in its description.

Sitagliptin is an important active ingredient for diabetic patients. Therefore, highly
enantioselective, low cost synthesis of this API is always in need. The present invention
provides such atom economic single step protocol like asymmetric hydrogenation which
provides an unprecedented enantiomeric excess of 90% and above. It reduces the cost of the
process also by generating the desired active catalyst in-situ, circumventing the need of

separate synthesis and isolation of active catalyst.
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OBJECTS OF THE INVENTION

Main objectives of the present invention is to provide a highly efficient process for the
preparation of enantiomerically enriched Sitagliptin.

Another objective of the present invention is to provide a direct rhodium catalyzed
asymmetric hydrogenation in the presence of bis-phosphine chiral ligand to yield enantiopure
Sitagliptin product with the highest enantiomeric excess of 85-99.9%.

An another objectives of the present invention is to provide process for the preparation of
beta amino acid derivatives of Formula (I), more preferably Sitagliptin of Formula (Ia), via
highly enantioselective asymmetric hydrogenation with in-situ generated catalyst by using
Rh-catalyst in the presence of ferrocenyl bisphosphene ligands, which provides enantiopure

Sitagliptin of Formula (Ia) with the highest enantiomeric excess of 85-99.9%.

SUMMARY OF THE INVENTION

Accordingly, the present invention relates to a process for the preparation of sitagliptin,
compound of Formula (Ia) by enantioselective asymmetric hydrogenation of
dehydrositagliptin of Formula (Ila) employing rhodium catalyst on bisphosphine ferrocenyl

ligands of Formula L, to obtain enantiomeric excess in the range of 85-99.9%;

CF3 CF3
F (\N’\(N [Rh(COD),0Tf],  F ) N(\l\'N
Z N Ay L, Ha N
E NH, O E NH, O
F
Dehydrositagliptin (11a) Formula Ia

, said bisphosphine ferrocenyl ligands are selected from the group consisting of
Formula L1-L8 are:
a) L1 :1,2-bis(2,5-dimethylphospholan-1-yl)benzene
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b) L2 :(2,2-dimethyl-1,3-dioxolane-4,5-diyl)bis(diphenylphosphane)

14
c) L3: l,l’—Bis[2,5—dirnethylphospholano]ferrocene
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g) L7:1,1'-Bis(2,5-di-isopropylphospholano)ferrocene

5 wherein, the process for the preparation of sitagliptin, compound of Formula
(Ia)comprises the steps of:
1)  mixing compound of Formula (ITa) with rthodium catalyst, ferrocenyl
bisphosphine ligand L, and additive to obtained reaction mixture;
i1)  adding solvent in the reaction mixture of step 1) in the inert atmosphere of
10 argon and stirring at a temperature of 25°C for an hour to obtained reaction
slurry;

iii)  maintaining the reaction slurry as obtained in step ii)under hydrogen pressure
of 10-30 bar at a temperature of 35°C -90°C for 17-24 hrs into autoclave
followed by cooling at a temperature of 25°C of step iii) and releasing the

15 pressure to obtained reaction mixture 2;

iv)  passing the reaction mixture 2 of step iii) through neutral alumina bed
followed by collecting the filtrate and drying the residue to afford compound
of Formula (Ia).

In an embodiment of the present invention, the rthodium catalyst is [Rh(COD),OTf].

20  In another embodiment of the present invention, the additive is selected from the group
consisting of salicylic acid, acetic acid, ammonium chloride, phosphoric acid, ammonium
salicylate, tetramethyl ammonium iodide, tetracthyl ammonium iodide, tetra butyl ammonium

bromide, butyl phosphoric acid, dibutyl phosphate, tributyl phosphate.
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In yet another embodiment, the solvent selected from the group consisting of methanol,

dichloromethane, tetrahydrofuran, trifluoroethanol, toluene, 1,4-dioxane and ethyl acetate.

In another embodiment, the preparation of beta amino acid derivatives of Formula (I), more

preferably Sitagliptin of Formula (Ia), with the highest enantiomeric excess of 85-99.9%,

Rs<,..R4

J N
R X
Formula I

wherein, the carbon atom marked with an “*’ is enantiomerically enriched;
X is OR2, SRz, or NRa2Ry;
R is alkyl, aryl, heteroaryl, aralkyl, or optionally substituted heteroaryl;
R> and Ry are each independently selected from the group comprising of hydrogen, alkyl,
aryl, aralkyl; or Rz and Ry together with the nitrogen atom to which they are attached may
form a 4- to 7-membered optionally substituted ring system optionally containing an
additional heteroatom selected from O, S, N, NH, and NC;4 alkyl; and said heterocyclic
ring system being optionally fused with a 5-to 6-membered saturated or aromatic
carbocyclic ring system or 5-to 6-membered saturated or aromatic heterocyclic ring system
containing one to three heteroatoms selected from 0, S, N, NH, and NC[-4 alkyl, said fused
ring system being unsubstituted or substituted,;
R3 and R4 are independently selected from the group comprising of —H, alkyl, -COCHzs.
The process of the present invention relates to a highly enantioselective rhodium metal
catalyzed asymmetric hydrogenation of a prochiral enamine of compound of structural
Formula II in the presence of bisphosphine ferrocenyl ligand of Formula L to provide chiral

beta amino acid derivatives of structural Formula I, more preferably compound of Formula

Ia.
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In still another embodiment, the bisphosphine ferrocenyl ligand of Formula L is selected from

the group of ligands L1-L8§;
a) L1:1,2-bis(2,5-dimethylphospholan-1-yl)benzene
b) L2:(2,2-dimethyl-1,3-dioxolane-4,5-diyl)bis(diphenylphosphane)

5 c¢) L3:1,1'-Bis[2,5-dimethylphospholano]ferrocene
d) L4 : butane-2,3-diylbis(diphenylphosphane)
e) L5:1,2-bis(2,5-diisopropylphospholan-1-yl)benzene
f) L6: 1,1'-Bis[2,5-diethylphospholano]ferrocene
g) L7:1,1'-Bis(2,5-di-isopropylphospholano)ferrocene
10 h) L8 : 1,1'-Bis((2,5)-2,5-di-ter-butylphospholano)ferrocene

In yet another embodiment, the present embodiment provides general process for the
preparation of Sitagliptin, compound of Formula Ia. Asymmetric hydrogenation of

dehydrositagliptin to sitagliptin of Formula la is shown below in synthetic scheme-1.

CF, ’i)Fe,

F (\N’\(N [Rh(COD),OTA,  § * (JQ\.N

z N\)‘\N' L. H, N N
——
. NH, O £ NH; O
15 F F
Dehydrositagliptin (Ila) Formula Ia
Scheme-1

BRIEF DESCRIPTION OF THE DRAWINGS
20  Figure-1 describes HPLC chromatogram of enantiopure sitagliptin.
Figure-2 relates to the HPLC chromatogram of racemic sitagliptin

Figure 3 describes the HPLC chromatogram of dehydrositagliptin

DETAILED DESCRIPTION OF THE INVENTION

25 It is to be understood that the figures, schemes and descriptions of the present invention have
been simplified to illustrate elements that are relevant for a clear understanding of the
invention. The detailed description will be provided herein below with reference to the

attached drawings, and schemes.
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In view of the above, the present invention provides a process for the preparation of beta
amino acid derivatives of Formula (I), more preferably Sitagliptin of Formula (Ia), with the

highest enantiomeric excess of 85-99.9%,

Rs<. .R
N0
R1)\/lj\x

Formula I
wherein, the carbon atom marked with an **’ is enantiomerically enriched,
X is ORa2, SRz, or NRa2Ry;
Riis alkyl, aryl, heteroaryl, aralkyl, or optionally substituted heteroaryl;
Rz and Ry are each independently selected from the group comprising of hydrogen, alkyl,
aryl, aralkyl; or R2 and R2 together with the nitrogen atom to which they are attached may
form a 4- to 7-membered optionally substituted ring system optionally containing an
additional heteroatom selected from O, S, N, NH, and NC;.4 alkyl; and said heterocyclic
ring system being optionally fused with a 5-to 6-membered saturated or aromatic
carbocyclic ring system or 5-to 6-membered saturated or aromatic heterocyclic ring system
containing one to three heteroatoms selected from 0, S, N, NH, and NCI-4 alkyl, said fused
ring system being unsubstituted or substituted;
R3 and R4 are independently selected from the group comprising of —H, alkyl, -COCHzs.
The process of the present invention relates to a highly enantioselective rhodium metal
catalyzed asymmetric hydrogenation of a prochiral enamine of compound of structural
Formula II in the presence of bisphosphine ferrocenyl ligand of Formula L to provide chiral
beta amino acid derivatives of structural Formula I, more preferably compound of Formula
Ia.

R3\ /R4

The general process to afford compound of Formula (I) comprises of following steps;
1)  mixing compound of formula II with rhodium catalyst, ferrocenyl

bisphosphine ligand L, and additive;
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i1)  adding suitable solvent in the reaction mixture of step 1) in the inert
atmosphere of argon and stirring at suitable temperature for an hour;
iii)  maintaining the reaction mixture under suitable hydrogen pressure at suitable
temperature for 24 hrs into autoclave;
S iv)  cooling the reaction mixture to a temperature in the range of 25-35°C of step
iii) and releasing the pressure;
v)  passing the reaction mixture through neutral alumina bed;
vi)  collecting the filtrate and drying the residue to afford compound of Formula
.
10 More particularly, the present embodiment provides above general process for the preparation
of Sitagliptin, compound of Formula Ia. Asymmetric hydrogenation of dehydrositagliptin to

sitagliptin of Formula Ia is shown below in synthetic scheme-1.

CF3 CF3
F (\ N’\(N [RhcoDy0T], k& ) N(\l\'N
Z N\)\\N' L, H, N
———
F NH, O E NHz O
F
Dehydrositagliptin (Ila) Formula Ia
15 Scheme-1

The bisphosphine ferrocenyl ligand of Formula L is selected from the group of ligands L1-L8

represented below;

L »P"I o §-|*‘f\“<i -
X W\ﬁpﬁ. /\\ §"‘\ i N TN
Lo Py | LA
L1 :
13 L4
2,2-dimethyl-1,3-
1,2-bis(2,5- (2.2-dimethyl-1.3 butane-2,3-
dioxolane-4,5- 1,1'-Bis[2,5- o
dimethylphosphol loxolane-4,5 [ diylbis(diphenylphos
diyl)bis(diphenylph dimethylphospholano
an-1-yl)benzene tyDbisdiphenylphos YPRosP : phane)
phane) ferrocene
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: 1,1'-Bis[2,5-
L5
1,2-bis(2,5- diethylphospholano]fe
diisopropylphosp | FO¢ene
holan-1-
yl)benzene

1,1'-Bis(2,5-di-

isopropylphospholano)f

crrocene

1,1'-Bis((2,5)-2,5-di-
ter-
butylphospholano)fe

rrocenc

In an aspect of the present embodiment involves a an additives at step 1) of the process, which

may be selected from the group comprising of Salicylic acid, Acetic acid, Ammonium

chloride, Phosphoric acid, Ammonium salicylate, Tetra methyl ammonium iodide, Tetraethyl

ammonium iodide, Tetra butyl ammonium bromide, Butyl phosphoric acid, Dibutyl

phosphate, Tributyl phosphate.

Another aspect of the present embodiment involves a suitable solvent at step ii) of the

process, suitable solvents may include alcohol solvents. Alcohol solvents, which may include

methanol, ethanol, isopropanol, or mixtures thereof. In particularly useful embodiments,

methanol is used as a solvent at step ii).

Suitable temperature for stirring the reaction mass at step ii) may be 20°C-40°C, more

preferably 25°C-35°C.

Suitable temperature for maintaining the reaction mixture at step iii) may be 35°C-95°C,

preferably 60°C-80°C, more preferably 70°-80°C.

Suitable hydrogen pressure for maintaining reaction mixture at step iii) may be 20 bar-40 bar,

more preferably 30 bar.

Asymmetric hydrogenation of dehydrositagliptin is carried out using bis-phosphine ligands of

Formulas L1 to L8, as shown above, with Rh precursor [Rh(COD),OTf]. Several experiments

have been conducted by using different reaction parameters and ligands L1 to L8. Results of

these experiments are summarized in Table 1.

10
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Table 1 : Rhodium catalyzed asymmetric hydrogenation of dehydrositagliptin to sitagliptin.?

Ex. No. | Ligand | Solvent Press Additives Temp | Time | Conv.) e
(bar) (°C) | (hrs) | (%) | (%)
Ligand Screening
1 L1 Methanol 20 NH4C1 50 17 00 00
2 L2 Methanol 20 NH4C1 50 17 00 00
3 L3 Methanol 20 NH4Cl 50 17 20 85
4 L4 Methanol 20 NH4C1 50 17 00 00
Solvent Screening
5 L3 Methanol 20 NH4Cl 60 18 30 85
6 L3 DCM 20 NH4Cl 60 18 00 00
7 L3 THF 20 NH4Cl 60 18 00 00
8 L3 TFE 20 NH4Cl 60 18 6 2
9 L3 Toluene 20 NH4Cl 60 18 00 00
1,4-
10 L3 dioxanc 20 NH4Cl 60 18 00 00
11 L3 EtOAc 20 NH4Cl 60 18 00 00
Temperature Screening
12 L3 Methanol 20 NH4Cl 50 17 20 85
13 L3 Methanol 20 NH4C1 60 17 30 85
14 L3 Methanol 20 NH4Cl 70 17 68 87
15 L3 Methanol 20 NH4C1 80 17 80 88
16 L3 Methanol 20 NH4C1 90 17 90 80
Pressure Screening
17 L3 Methanol 10 NH4C1 70 24 00 00
18 L3 Methanol 20 NH4C1 70 24 30 85
19 L3 Methanol 30 NH4Cl 70 24 90 87
Additive Screening

11
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20 L3 Methanol 30 NH4Cl 70 24 90 87
21 L3 Methanol 30 CHsCOH | 70 24 74 85
22 L3 Methanol 30 H3PO4 70 24 94 88
23 L3 Methanol 30 - 70 24 50 90

iConditions: Substrate (dehydrositagliptin): 85.11 mg; [Rh(COD)2OTf]: 1 mg (1 mol%);
Ligand/Rh: 1.1; Additive/Rh: 1; Solvent: 2 ml; conversion and enantiomeric excess is

determined by chiral HPLC.

Screening of Additives

24 L6 Methanol 30 - 70 24 32 79
25 L6 Methanol 30 NH4Cl 70 24 30 84
26 L6 Methanol 30 Acetic acid | 70 24 20 84
27 L6 Methanol 30 H3PO4 70 24 30 86
28 L6 Methanol 30 Sali:(;lic 70 24 69 85

Screening of temperature

Salicylic
29 L6 Methanol 30 70 24 69 85
acid
Salicylic
30 L6 Methanol 30 » 80 24 98 86
aci

Screening of catalyst loading

L61

31 Methanol 30 NH4Cl1 70 24 65 84
mol%
L62

32 Methanol 30 NH4Cl1 70 24 90 88
mol%
L63

33 Methanol 30 NH4Cl1 70 24 91 85
mol%
L64

34 Methanol 30 NH4Cl1 70 24 99 85
mol%

12
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L65
35 Methanol 30 NH4Cl1 70 24 99 85
mol%
Screening of Additives
L71
36 Methanol 30 - 60 18 10 80
mol%
L71 Salicylic
37 Methanol 30 60 18 70 90
mol% acid
L71
38 Methanol 30 Acetic acid 60 18 10 94
mol%
L71
39 Methanol 30 NH4Cl 60 18 30 91
mol%
L71
40 Methanol 30 H3PO4 60 18 5 87
mol%
L71 Ammonium
41 Methanol 30 60 18 20 89
mol% salicylate
Tetramethyl
L71
42 Methanol 30 ammonium 60 18 - -
mol%
iodide
Tetraethyl
L71
43 Methanol 30 ammonium 60 18 - -
mol%
iodide
Tetra butyl
L71
44 Methanol 30 ammonium 60 18 - -
mol%
bromide
Butyl
L71 Y
45 Methanol 30 phosphoric | 70 24 34 89
mol%
acid
L71 Dibutyl
46 Methanol 30 70 24 63 90
mol% phosphate
L71 Tributyl
47 Methanol 30 70 24 5 83
mol% phosphate

13
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L71

48 Methanol 30 Formic acid | 70 24 15 89
mol%
L71 Sodium

49 Methanol 30 70 24 10 66
mol% benzoate

Pyridinium

L71

50 Methanol 30 p-toluene 70 24 14 80
mol%

sulphate
Screening of Temperature

L71 Salicylic

51 Methanol 30 70 18 95 92
mol% acid
L71 Salicylic

52 Methanol 30 60 18 95 94
mol% acid
L71 Salicylic

53 Methanol 30 50 18 90 95
mol% acid
L71 Salicylic

54 Methanol 30 45 18 85 98
mol% acid
L71 Salicylic

55 Methanol 30 40 18 60 95
mol% acid
L71 Salicylic

56 Methanol 30 35 18 10 96
mol% acid

GENERAL INFORMATION

All manipulations were carried out under an inert atmosphere of argon using standard
Schlenk line techniques or m-Braun glove box. Solvents were dried by standard procedures
unless otherwise mentioned. Ferrocene bis-phosphine ligands and [Rh(COD)OTf] were
purchased from Sigma-Aldrich. While i, 1-Bis{2, 5-di-isopropyiphospholanofferrocene was
purchased from Stream chemicals. Hydrogen gas (H2) was supplied by Ms. Vadilal
Chemicals Ltd., Pune, India. All other reagents/chemicals, solvents were purchased from

local suppliers (Spectrochem Pvt. Ltd.; Avra Synthesis Pvt. Ltd.; Thomas Baker Pvt. Ltd.

14
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etc). Asymmetric hydrogenation was performed in Amar Equipment Pvt. Ltd. high-pressure
reactor equipped with pressure regulators and safety rupture valve.
Solution NMR spectra were recorded on a Bruker Advance 200, 400 and 500 MHz
instruments at 298 K unless mentioned otherwise. Chemical shifts are referenced to external
reference TMS (‘H). Coupling constants are given as absolute values. Multiplicities are given
as follows s: singlet, d: doublet, t: triplet, m: multiplet. The enantiomeric excess and
conversion to sitagliptin was determined by chiral HPLC on an Agilent Technologies 1260
Infinity instrument with Chiralpak IC column (250 mm x 4.6mm X S5um).
The following high performance liquid chromatographic (HPLC) conditions were used to
determine percent conversion to product & optical purity of the sitagliptin product:
Column: Chiral Pak IC (250 mmx4.6mmxSum)
Eluent: n-Hexane: Ethanol: Diethyl amine (80:20:0.1)
Gradient: Isocratic
Flow rate: 1ml/min
Injection volume: 10uL
UV detection: 266nm
Column temp.: ambient
Retention times: RT’s may vary by £0.5 min
Dehydrositagliptin: 24.793 min
Racemic: 19.25 min & 21.757 min
Impurity: 16.440 min
Salicylic acid: 10.810 min

EXAMPLES
The following examples, which include preferred embodiments, will serve to illustrate the
practice of this invention, it being understood that the particulars shown are by way of

example and for purpose of illustrative discussion of preferred embodiments of the invention.

Example-1: General process for the synthesis of sitagliptin from dehydrositagliptin:

In a 5 ml reaction vial equipped with septa and inlet needle, dehydrositagliptin (100 eq. 85.11
mg), [Rh(COD),OTf] (1 eq. 1 mg), ligand L (1.05 eq.) and additive (1 eq.) were added in the
glove box. Reaction vial was then transfered in a large Schlenk type container and was then

taken out from the glove box. 2 ml dry methanol was added to the vial in inert atmosphere

15
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and the resultant reaction slurry was stirred for 1 hour at 25°C. After that, the reaction vial
was kept in an autoclave and the autoclave was purged three times by using hydrogen gas
pressure (40 bars). Finally, the autoclave was pressurized to 30 bar of hydrogen pressure and
the hydrogenation was continued at 50-70°C for 18 hrs. Then autoclave was cooled to 25°C,
excess pressure was released and the autoclave was opened. The vials were taken out from
autoclave reactor. The thus obtained reaction mixture was passed through neutral alumina
bed, the filtrate was collect and dried to yield residue. The resultant residue was then
analyzed by HPLC or NMR spectroscopy. 'H NMR (400 MHz CDCl3) § = 7.10 (m, 1H),
6.89 (m, 1H), 4.89 (s, 2H), 4.21 (t, 2H) 4.06 (t, 2H), 3.36 (t, 1H), 3.25 (t, 1H), 2.79 (s, 1H),
2.32 (t, 1H), 2.00 (t, 1H).
HPLC: (Ref: Figure 1)
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Example-2: Process for the synthesis of sitagliptin from dehydrositagliptin using ligand
of formula L3:

In a 5 ml reaction vial equipped with septa and inlet needle, dehydrositagliptin (100 eq. 85.11
mg), [Rh(COD);OTf] (1 eq. 1 mg), ligand L3 (1.05 eq.) and additive (1 eq.) were added in
the glove box. Reaction vial was then kept in a large Schlenk type container and was then
taken out from the glove box. 2 ml dry methanol was added to the vial in inert atmosphere
and the resultant reaction slurry was stirred for 1 hour at 25°C. After that, the reaction vial
was kept in an autoclave and the autoclave was purged three times by using hydrogen gas
pressure (40 bars). Finally, the autoclave was pressurized to 30 bar hydrogen pressure and the
hydrogenation was continued at 70°C for 18 hrs period. After 18 hrs, the autoclave was
cooled to 25°C, excess pressure was released and the autoclave was opened. The vials were
taken out from autoclave reactor. The thus obtained reaction mixture was passed through
neutral alumina bed, the filtrate was collect and dried to yield residue. The resultant residue

was then analyzed by HPLC or NMR spectroscopy.
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Example-3: Process for the synthesis of sitagliptin from dehydrositagliptin using ligand
of formula L7:

In a 5 ml reaction vial equipped with septa and inlet needle, dehydrositagliptin (100 mol%,
85.11 mg), [Rh(COD),OTf] (1 mol%), ligand L7 (1.1 mol%.) and additive (150 mol%) were
added in the glove box. Reaction vial was then kept in a large Schlenk type container and was
then taken out from the glove box. 2 ml dry methanol was added to the vial in inert
atmosphere and the resultant reaction slurry was stirred for 1 hour at 25°C. After that reaction
vial was kept in an autoclave and the autoclave was purged three times by using hydrogen gas
pressure (40 bars). Finally, the autoclave was pressurized to 30 bar hydrogen pressure and the
hydrogenation was continued at 50°C for 18 hrs period. After 18 hrs, the autoclave was
cooled to 25°C, excess pressure was released and the autoclave was opened. The vials were
taken out from autoclave reactor. The thus obtained reaction mixture was passed through
neutral alumina bed, the filtrate was collect and dried to yield residue. The resultant residue

was then analyzed by HPLC or NMR spectroscopy.

ADVANTAGES OF THE PRESENT INVENTION

e Atom economic single step protocol of process

e An unprecedented enantiomeric excess of 85-99.9% is observed

e The desired active catalyst is in-situ generated, circumventing the need of separate
synthesis and isolation of active catalyst

e Sitagliptin presented in Formula (Ia) is a new class of oral anti-hyperglycemic drug
known as a DPP-4 inhibitor or incretin enhancer for the treatment of Type 2 diabetes
mellitus (T2DM)

e Sitagliptin can also be used in combination drugs without any adverse effects.

17
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WE CLAIM

1. A process for preparation of sitagliptin compound of Formula (Ia) by enantioselective
asymmetric hydrogenation of dehydrositagliptin of Formula (Ila) employing rhodium

catalyst on bisphosphine ferrocenyl ligands of Formula L, to obtain enantiomeric

5 excess in the range of 85-99.9%;

CF5 CFs3

F (\N’\(N [Rh(COD),0TA,  F ) (\)‘:\(’N
Z N Asy L, Ha N N
——
. NH, O F NH; O
F F
Dehydrositagliptin (11a) Formula Ia

said bisphosphine ferrocenyl ligands of Formula L1-L8 are:
a) L1 :1,2-bis(2,5-dimethylphospholan-1-yl)benzene

10

4

c¢) L3:1,1'-Bis[2,5-dimethylphospholano]ferrocene

ES A

W“-\ - P N .
{ o~ I $
y,oo o Fe

..... o
F. S jf
SEL .?.stv'\:j‘,\

L

S

13
15 d) L4 : butane-2,3-diylbis(diphenylphosphane)
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wherein, the process for the preparation of sitagliptin, compound of Formula
(Ia)comprises the steps of:

1) mixing compound of Formula (Ila) with rhodium catalyst, ferrocenyl bisphosphine
ligand L, and additive;

i1) adding solvent in the reaction mixture of step 1) in the inert atmosphere of argon and
stirring at a temperature of 25°C for an hour to obtain reaction slurry;

1i1) maintaining the reaction slurry as obtained in step ii)under hydrogen pressure of 10-30
bar at a temperature of 35°C -90°C for 17-24 hrs into autoclave followed by cooling
at a temperature of 25°C of step iii) and releasing the pressure to obtained reaction
mixture;

iv) passing the reaction mixture of step iii) through neutral alumina bed followed by
collecting the filtrate and drying the residue to afford compound of Formula (Ia).

2. The process as claimed in claim 1, wherein the rhodium precursor is [Rh(COD),OTH{].

3. The process as claimed in claim 2, wherein the additive is selected from the group
consisting of salicylic acid, acetic acid, ammonium chloride, phosphoric acid,
ammonium salicylate, tetramethyl ammonium iodide, tetracthyl ammonium iodide,
tetra butyl ammonium bromide, butyl phosphoric acid, dibutyl phosphate, tributyl
phosphate.

4. The process as claimed in claim 2, wherein the solvent selected from the group
consisting of methanol, dichloromethane, tetrahydrofuran, trifluoroethanol, toluene,

1,4-dioxane and ethyl acetate.
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