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NEW PROCESS AND INTERMEDIATES FOR THE SYNTHESIS OF

VILDAGLIPTIN

The present invention relates to a new process for the preparation of vildagliptin and
to intermediates for its synthesis.

Vildagliptin is an inhibitor of dipeptidyl-peptidase 4 (DPP-4), enzymes that degrade
the incretin hormones, which is used in adults suffering from diabetes mellitus type 2
(non insulin-dependent diabetes) to improve the control of blood glucose levels.
Incretins are hormones produced in the gastrointestinal region and they are mainly
GLP-1 (Glucagon-Like Peptide 1) and GIP (Glucose-dependent Insulinotropic
Peptide). They are secreted after meals, particularly GLP-1, and have the function of
controlling glycemia in different ways: increase of insulin secretion by beta cells of
the pancreas, decrease of glucagon secretion (insulin antagonist) by alpha cells of
the pancreas, slowdown of motility and therefore gastric empty with the consequent
decrease in appetite.

GLP-1 is rapidly degraded into an inactive peptide by DDP-4, moreover its
production decreases when glycemia,decreases, its control over the latter is then
calibrated and "when needed" thus avoiding ipersecretion of insulin and the
consequent dangerous hypoglycemia.

In diabetic patients the natural action of GLP-1 is defective, it was therefore thought
to restore this activity for exploiting it, particularly for the oral therapy of diabetes
mellitus type 2, a disorder in which the pancreas is not able to produce enough
insulin to control blood glucose levels or in which the body is not able to effectively
use insulin with the consequent advantage of decreasing various and problematic
adverse side effects due to an extended oral therapy with the traditional drugs.

Vildagliptin, acting as a DDP-4 inhibitor, inhibits the degradation of incretin
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hormones in the body, increasing their level in the blood and stimulating the

pancreas to produce more insulin when there is a high glycemic level, thus

decreasing the amount of glucose produced by the liver; it also decreases

glucagone levels allowing the control of diabetes mellitus type 2. Vildagliptin can be
5 used in combination with metformin, sulfonylureas or with a thiazolidinedione.

Vildagliptin is a compound of formula (1)

H

10
chemically known as (2S)-1-[2-[(3-hydroxy-1 -adamantyl)amino]acetyl]pyrrolidin-2-
carbonitrile disclosed in WO 00/34241 .
Various vildagliptin syntheses are known in the literature.
WO 00/34241 (Novartis AG) discloses a process which provides for the reaction of a

15 2-cianopyrolidine derivative of formula (I1)

Y/\[(D (1)

wherein Y is a reactive group such as chlorine, bromine or iodine;

20 with 1-amino-3-adamantanol

NH, (Il

25 in the presence of a base or an inert solvent.

A similar synthesis is described in J. Med. Chem. 2003, 46, 2774-2789.



10

15

20

25

WO 2013/083326 PCT/EP2012/070869

WO 04/921 27 (Novartis AG) discloses a process which avoids the isolation of the 2-
cianopyrrolidine derivative (Il), a particularly irritating synthesis intermediate, which
reacts directly with 1-amino-3-adamantanol (lll) to give vildagliptin.

WO 08/84383 (Medichem SA) discloses a process which comprises the reaction
between a 2-cianopyrrolidine derivative of formula (1) with 1-amino-3-adamantanol
wherein the OH group is protected. The process gives vildagliptin with good vyield
and high optical purity and requires the final removal of the protecting group on the
OH group.

WO 10/22690 (Zentiva KS) discloses a process for the preparation of vildagliptin
which provides for the isolation of a 1-haloacetyl-2(S)-pyrrolidin-carboxamide of

formula (1V)

(IV)

with a trialkylamine salt and its subsequent conversion into the corresponding ciano
derivative of formula (II) which is reacted with 1-amino-3-adamantanol according to
the conventional process for the synthesis of vildaglitin.

All known processes for the synthesis of vildagliptin are based on the reaction of a
derivative of formula (ll) with an optionally protected 1-amino-3-adamantanol (lIl).
Furthermore the intermediate of formula (ll) is generally obtained by the reaction
between L-prolinamide and a halogenated compound, particularly
chloroacetylchloride, a hard to handle, highly toxic, irritating, water and air sensitive
liquid compound with a high reactivity which always requires the concomitant use of
a base to neutralize the hydrochloric acid which develops during the reaction with

the consequent formation of salts which complicate the purification and the isolation
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of the resultant intermediate. The reaction is then followed by the dehydration with
trifluoroacetic anhydride, to obtain the corresponding acid, thus obtaining a process
that requires an aqueous and difficult workup resulting in low vyields. Finally, the
processes disclosed in WO 00/34241 and WO 08/84383 involve the formation of the

double N-alkylation product of formula (V)

which causes difficulties in the purification step and reduction in yield and purity of
the product.
We have now found a process for the preparation of vildagliptin characterized by a
less difficult workup which leads to the formation of a reduced amount of double N-
alkylation product thus obtaining the final product with high yields and high optical
purity.
Therefore object of the present invention is a process for the synthesis of vildagliptin
comprising the following steps:

a) the salification of L-prolinamide with haloacetic acid (XCH2COOH) in a

suitable solvent to obtain the salt of formula (VI)

H-NOGC:,

(V1)

X/\g/O' HI\I:>
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wherein X is bromine or chlorine.

b) the condensation of the salt of formula (VI) by reaction with a condensing
agent and subsequent reaction with 1l-amino-3-adamantanol in a suitable solvent to
obtain the intermediate of formula (VII) without the isolation of the condensation

product

HNOG,,

HWD (Vi

o)

c) the dehydration of the compound (VII) to vildagliptin, by treatment with a
dehydrating agent in a suitable solvent optionally in the presence of a base.
The process object of the present invention is characterized by a synthetic scheme
based on new intermediates which allows to obtain vildagliptin with good vyields,
chemical purity >99.5% and optical purity >99.5% avoiding the drawbacks deriving
from the use of 2-cyanopyrrolidine of formula (Il) according to the prior art.
Furthermore the process object of the present invention leads to the formation of a
reduced amount of double N-alkylation product.
Moreover, the chloroacetic acid used in the process is easier to handle compared to
chloroacetylchloride, as it is a less toxic solid compound and it does not require the
use of a base but of a condensing agent, thus avoiding the formation of salts which
would make difficult the purification and isolation of the resultant intermediate.
The solvents used in steps a), b) and c), the same or different for each step, are
preferably apolar solvents selected for example among tetrahydrofuran, methylene
chloride, 2-methyltetrahydrofuran. Tetrahydrofuran or methylene chloride are
preferred.

Preferably the reaction temperatures in steps a), b) and c), the same or different for
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each step, are from 0€ to 80 , preferably from 20°C to 50°C.
Step a) of the process object of the present invention provides for the formation of
the salt of formula (VI) by reaction between L-prolinamide and haloacetic acid
(XCH,COOH) wherein X can be chlorine or bromine, in a suitable solvent.
L-prolinamide and haloacetic acid are preferably used in stoichiometric amount.
At the end of step a) of the process object of the present invention, the compound of
formula

H2NOC.,,

X/\[ro- HI\D (V1)
@)

is obtained.

This is a new intermediate and is a further object of the present invention.

Step b) of the process object of the present invention provides for the condensation
of the salt of formula (VI) by reaction with a condensing agent and subsequent
reaction with 1-amino-3-adamantanol in a suitable solvent to obtain the intermediate
of formula (VII) without the isolation of the condensation product.

The amount of l-amino-3-adamantanol in step b) of the process object of the
present invention is from 1to 3 moles per mole of the salt of formula (VI); 2 moles of
1-amino-3-adamantanol per mole of the salt of formula (VI) are preferably used.

The condensation reaction of step b) is carried out using a suitable condensing
agent selected among carbonyldiimidazole, dicyclohexylcarbodiimide, 2,4,6-tri-n-
propyl-2,4,6-trioxo-1 ,3,5,2,4,6-trioxa-triphosphorinane;  diciclohexylcarbodiimide is
preferably used.

The amount of the condensing agent in step b) is from 1 mole to 1.5 moles per mole
of the salt of formula (VI), preferably from 1.1 to 1.3 moles per mole of the salt of

formula (VI).
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At the end of the reaction of step b) the compound of formula

H
HNOC,,

[
H/\[( (VII)

o)

Is obtained.

This is a new intermediate and is therefore a further object of the present invention.
Step c) of the process object of the present invention provides for the dehydration
reaction of compound (VII) to vildagliptin, by treatment with a dehydrating agent in a
suitable solvent, optionally in the presence of a base.

The dehydration reaction of step c) is carried out using a suitable dehydrating agent
selected among phosphoryl chloride (POCI,), phosphoric anhydride (P,0.), 1,3,5-
trichlorotriazine, preferably phosphoryl chloride (POCI,).

The amount of the dehydrating agent in step c) is from 1 mole to 5 moles per mole
of the compound of formula (VII), preferably from 2 to 3 moles per mole of the
compound of formula (VII).

The base which is optionally used in step c) is selected among ethylnicotinate,
triethylamine, diethylisopropylamine, pyridine, N,N-dimethylaminopyridine,
preferably ethylnicotinate.

A preferred practical embodiment of the process object of the present invention is
the following.

Chloroacetic acid and L-prolinamide are reacted in methylene chloride to give the
salt of formula (VI). The treatment with dicyclohexylcarbodiimide in methylene
chloride follows and, without isolation of the resultant product, it is reacted with 1-
amino-3-adamantanol to obtain the intermediate of formula (VII). The intermediate is

treated with POCI; in methylene chloride, optionally in the presence of
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ethylnicotinate, to obtain vildagliptin.

All the terms used in the present application, unless otherwise indicated, are to be
understood in their common meaning as known in the art. Other more specific
definitions for certain terms, as indicated in this application, are underlined later and
are constantly applied for the whole description and the claims unless a different
definition provides specifically a wider meaning.

The term "apolar solvent” refers to a solvent which does not behave as a proton
donor. Examples include, without limitations, halogenated hydrocarbons, such as for
example, methylene chloride and chloroform, heterocycles, such as for example,
tetrahydrofuran and N-methylpyrrolidinone; ethers such as for example, diethyl ether
and similar.

Further information about non polar or polar solvents can be found in organic
chemistry books or in specialized monographs, for example, Organic Solvents
Physical Properties and Methods of Purification, 4" ed., John A. Riddick, et al., Vol
I, in "Techniques of Chemistry Series", John Wiley & Sons, NY, 1986. Such
solvents are known to the person skilled in the art and it is clear to the person skilled
in the art that different solvents and mixtures thereof can be preferred, depending on
the specific compounds and on the reaction conditions, being their choice
influenced, for example, by solubilty and reagent reactivity, by preferred
temperature ranges.

Although the present invention has been described in its characterizing features, the
equivalents and modifications obvious to the skilled in the art are included in the
present invention.

In order to better illustrate the present invention without limiting it, the following
examples are now given.

EXAMPLE 1
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28.7 g of L-prolinamide (0.25 mol) and 300 ml of methylene chloride were charged
into a reaction flask and the solution was kept under stirring at a temperature of
15°C. 23.63 g of chloroacetic acid (0.25 mol) were added and the reaction mixture
was kept under such conditions for one hour. At the end of the reaction the resultant
solid was filtered and washed with methylene chloride (2 x 20 ml) and dried in oven
under vacuum at 40" to obtain 49 g of L-prolinamide chloroacetate.

'"H-NMR (DMSO-D6, 300 MHz): & 4.12 (t, 1H), 3.90 (s, 2H), 3.15 (t, 2H), 1.84 (m,
2H), 1.82 (m, 2H)

'sC-NMR (DMSO0-D6, 300 MHz): & 171 .33 (C), 169.84 (C), 59.20 (CH), 45.78 (CH,),
44.73 (CH,), 30.31 (CH,), 24.49 (CH,)

EXAMPLE 2

28.7 g of L-prolinamide (0.25 mol) and 300 ml of methylene chloride were charged
into a reaction flask and the solution was kept under stirring at a temperature of
15°C. 34.73 g of bromoacetic acid were added and the reaction mixture was kept
under such conditions for one hour. At the end of the reaction, the resultant solid
was filtered and washed with methylene chloride (2 x 20 ml) and dried in oven under
vacuum at 40" to obtain 59.47 g of L-prolinamide bromoacetate.

'"H-NMR (DMSO-D6, 300 MHz): & 4.12 (t, 1H), 3.70 (s, 2H), 3.15 (t, 2H), 1.84 (m,
2H), 1.82 (m, 2H)

'sC-NMR (DMSO0-D6, 300 MHz):  171.33 (C), 169.84 (C), 59.20 (CH), 45.78 (CH,),
36.41 (CH,), 30.31 (CH,), 24.49 (CH,)

EXAMPLE 3

52.15 g of L-prolinamide chloroacetate (0.25 mol) and 300 ml of methylene chloride
were charged into a reaction flask. Keeping the temperature at 15°C, 56.74 g of
dicyclohexylcarbodiimide (0.28 mol) were gradually added, the temperature was

brought to 25 and the reaction mixture was kept under such conditions for 30
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minutes. At the end of the reaction, methylene chloride was removed by distillation
under vacuum till obtaining a residue to which 500 ml of tetrahydrofuran were added
and keeping the temperature at 25°C, 91.98 g of 3-amino-1-adamantanol (0.55 mol)
were added. The temperature was brought to 45 and reaction mixture was kept
under such conditions for about 3 hours. At the end of the reaction, the resultant
solid was filtered at warm and the solid was washed with tetrahydrofuran (3 x 70 ml).
The mother liqguors were distilled up to the removal of about 350 ml of solvent,
slowly cooled up to a temperature of 1 O°C, to obtain a precipitate which was filtered
and washed with cold tetrahydrofuran (2 x 50 ml) and dried in oven under vacuum at
50°C to obtain 61.5 g of (2S)-1-[2-[(3-hydroxy-1-adamantyl)amino]-acetyl]pyrrolidin-
2-carboamide.

'"H-NMR (DMSO-D6, 300 MHz): & 4.2 (t, 1H), 3. 43 (m, 2H), 3.39 (s, 2H), 2.1 1 (d,
4H), 1.84 (m, 4H), 1.42 (m, 12H).

'3sC.NMR (DMSO-D6, 300 MHz): & 174.39 (C), 170.56 (C), 68.27 (C), 59.35 (CH),
53.22 (CH,), 50.70 (CH,), 45.01 (CH,), 43.37 (C), 41.67 (CH,), 40.37 (CH,), 35.67
(CH,), 31.00 (C), 30.77 (CH), 29.83 (CH,), 24.64 (CH,).

EXAMPLE 4

6.4 g of (2S)-1-[2-[(3-hydroxy-1-adamantyl)amino]-acetyl]pyrrolidin-2-carboamide
(0.0200 mol) and 128 ml of methylene chloride were charged into a reaction flask,
the temperature was brought to 10°C and 6.48 ml of phosphorus oxychloride
(0.0696 mol) were added. The reaction mixture was brought to the reflux
temperature of the solvent and kept under such conditions for four hours. At the end
of the reaction, the temperature was brought to 25°C, 20 ml of water were added
and the pH was brought to about 9. The organic layer was washed with water (40
ml) and the solvent removed by distillation under vacuum to give a residue which

was crystallized with methylethylketone to obtain 4.53 g of vildagliptin.
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EXAMPLE 5

6.4 g of (2S)-1-[2-[(3-hydroxy-1-adamantyl)amino]-acetyl]pyrrolidin-2-carboamide
(0.0200 mol), 128 ml of methylene chloride and 1.28 ml of ethylnicotinate (0.0094
mol) were charged into a reaction flask, the temperature was brought to 10°C and
6.48 ml of phosphorus oxychloride (0.0696 mol) were added. The reaction mixture
was brought to the reflux temperature of the solvent and kept under such conditions
for three hours. At the end of the reaction the temperature was brought to 25°C, 20
ml of water were added and the pH was brought to about 9 (with NaOH 30%). The
organic layer was washed with water (40 ml) and the solvent removed by distillation
under vacuum to give a residue which was crystallized with methylethylketone to
obtain 3.63 g of vildagliptin.

EXAMPLE 6

6.4 of (29)-1-[2-[(3-hydroxy-1 -adamantyl)amino]-acetyl]pyrrolidin-2-carboamide
(0.0200 mol) and 60 ml of dimethylformamide were charged into a reaction flask and
the temperature was brought to 0°C. 2.39 g of trichlorotriazine (0.013 mol) were
added and the reaction mixture was kept under such conditions for one hour. The
temperature was then brought to 25 and the reaction mixture was kept under
such conditions for four hours. At the end of the reaction, 30 ml of an aqueous
solution of sodium chloride at 15% and 120 ml of methylene chloride were added
and the pH was brought to about 9 (with NaOH 30%). The solvent was removed by
distillation under vacuum to give a residue which was crystallized with

methylethylketone to obtain 3.21 g of vildagliptin.
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CLAIMS

1) A process for the synthesis of vildagliptin comprising:

a) the salification of L-prolinamide with haloacetic acid (XCH,COOH) in

suitable solvent to obtain the salt of formula (VI)

H-NOGC:,

Vi
X/\n/O' HI\I:> v
o

wherein X is bromine or chlorine

b) the condensation of the salt of formula (VI) by reaction with a condensing

agent and subsequent reaction with 1l-amino-3-adamantanol in a suitable

solvent to give the intermediate of formula (VII), without the isolation of the

condensation product

(VII)

c) the dehydration of the compound (VII) to vildagliptin, by treatment with a
dehydrating agent in a suitable solvent, optionally in the presence of a base.
2) A process according to claim 1 wherein in steps a), b) and c) the solvents, the

same or different for each step, are apolar solvents selected among

tetrahydrofuran, methylene chloride and 2-methyltetrahydrofuran.

3) A process according to claim 3 wherein the solvent is tetrahydrofuran or

methylene chloride.



10

15

20

25

WO 2013/083326 PCT/EP2012/070869

-13 -

4) A process according to claim 1 wherein in step b) the condensing agent is
selected among carbonyldiimidazole, dicyclohexylcarbodiimide and 2,4,6-tri-n-
propyl-2,4,6-trioxo-1 ,3,5,2,4,6-trioxa-triphosphorinane.

5) A process according to claim 4 wherein the condensing agent s
dicyclohexylcarbodiimide.

6) A process according to claim 1 wherein in step c) the dehydrating agent is
selected among phosphoryl chloride (POCI,), phosphoric anhydride (P,0 ;) and
1,3,5-trichlorotriazine.

7) A process according to claim 6 wherein the dehydrating agent is phosphoryl
chloride (POCI,).

8) A process according to claim 1 wherein in step c) the base is selected among
ethylnicotinate, triethylamine, diethylisopropylamine,  pyridine and N,N-
dimethylaminopyridine.

9) A process according to claim 8 wherein the base is ethylnicotinate.

10) An intermediate for the synthesis of vildagliptin of formula (VI)

(V1)
X/\n/o- HI\I:>
0

HaNOGC:,

wherein X is bromine or chlorine.

11) An intermediate for the synthesis of vildagliptin of formula (VII)

HNOG,,

N
N

o)

(Vi)
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