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(57) Abstract: The present invention relates Lo novel processes [or the preparation of enantiomerically enriched B -amino acid
derivatives such as § -amino esters useful for the synthesis of enantiomerically enriched biologically active molecules such as
sitagliptin. The key step involves the resolution of the racemate with mandelic acid.
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SITAGLIPTIN SYNTHESIS

Field of the invention

The present invention relates to novel processes for the prepatation of enantiomerically
entiched @-amino acid detivatives such as B-amino esters useful for the synthesis of
enantiometically enriched biologically active molecules such as sitagliptin (01) and
sitagliptin - dihydrogen phosphate (02). The ptesent invention futther relates to
pharmaceutical compositions comptising such biologically active molecules and to the use

of such compositions.

Background of the invention

CF,
sitagliptin free base (01)
(32)
racemic beta-amino acid derivatives (03) racemic beta-amino csters (04)
(R)-beta-amino acid derivatives (3a) (R)-beta-amino esters (4a)
{S)-beta-amino acid derivatives (3b) (S)-beta-amino esters (4b)
Z = NRR, R = alkyl, alkenyl, alkynyl, aryl, arylalkyl

Ry = H, alkyl, atyl, cycloalkyl, hetetocycle
R, = H, alkyl, aryl, cycloalkyl, heterocycle

Sitagliptin dihydrogen phosphate (02), chemically named as (2R)-4-oxo-4-[3-(trifluoro-
methyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-
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amine dihydrogen phosphate, is an oral antihyperglycemic of the dipeptidyl peptidase-TV
(DPP-1V) inhibitor class. Inhibition of DPP-1V, an enzyme that inactivates both glucose-
dependent insulinotropic peptide (GIP) and glucagon-like peptide 1 (GLP-1), teptesents a
recent approach to the treatment and prevention of type-2 diabetes, also known as non-
insulin dependent diabetes mellitus (NIDDM). Sitagliptin also has an effect on appetite as
it slows down gastric motility and induces a feeling of satiety. This reduction of appetite

can help patients to lose weight which is also a useful effect in patients with diabetes.

Several processes have been disclosed in the prior art for the preparation of sitagliptin and
its analogues. The process disclosed in patent US 6,699,871, outlined in Scheme 1, involves
the preparation of the intermediates (3R)-3-[N-(tert-butoxycarbonyl)amino]-4-(2,4,5-
trifluorophenyl)butanoic  acid 07) and 3-trifluoromethyl-5,6,7,8-tetrahydro-
[1,2,4]triazolo[4,3-a]pytazine hydrochlotide (11) followed by their coupling to afford Boc-
protected sitagliptin base (12), which was deprotected using methanolic hydtochloride to
obtain sitagliptin hydrochlotide (13).

However, the process disclosed in patent US 6,699,871 suffers from the major
disadvantage that the purification and synthesis of intermediates (07) and (12) tequire the
use of preparative chiral HPLC and preparative HPLC respectively, which are very
expensive and inconvenient techniques on an industtial scale. In addition, the process

involves the use of the toxic and harmful reagent diazomethane.

In another ptior att process, disclosed in patent application WO 2004/085661, sitagliptin
free base (01) was synthesized by the process illustrated in Scheme 2, which involves
synthesis of keto-amide (14) from Meldrum’s adduct (19) and 3-trifluoromethyl-5,6,7,8-
tetrahydro[1,2 4]triazolo[4,3-a|pyrazine hydrochloride (11). The intermediate (14) was
further treated with (S)-phenylglycine amide in isopropanol and acetic acid to obtain amide
(15), which was further converted into the amide (16) by asymmettic hydrogenation at 90
psi and 22°C for 24 hours in the presence of PtO, as catalyst. The intermediate (16) was
converted into sitagliptin free base (01) by a debenzylation reaction cartied out at 40 psi at

50°C in the presence of 20% palladium hydroxide on catbon.
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However, the processes disclosed in patent application WO 2004/085661 are not suitable
for industrial production as they involve expensive agents like PtO, and palladivm

hydroxide and requite teaction at high pressure for mote than 24 houts.

In another prior att process, disclosed in patent application US 2006 /194977, sitagliptin
dihydrogen phosphate salt (02) was prepared by the process outlined in Scheme 3.
Intermediate (14), prepared by reaction of Meldrum’s adduct (19) and 3-trifluoromethyl-
5,6,7,8-tetrahydro[1,2,4]triazolo[4,3-a]pyrazine hydrochloride (11), was further converted
into enamine (20) by use of ammonium acetate in methanol. The enamine (20) was further
converted into enantiomerically enriched sitagliptin free base (01) by asymmetric reduction
using Josiphos catalyst and chloro(1,5-cyclooctadiene) rhodium (I) dimer. The asymmetric
synthesis involves hydrogenation of the enamine (20) at 200 psi at 50°C for 13 houts to

obtain enantiomerically enriched sitagliptin free base (01).

However, this process is not suitable for industrial production as it involves a very

expensive chiral catalyst and requires reaction at high pressure for more than 10 hours.

A further process for the synthesis of sitagliptin free base (01) is disclosed in patent
application WO 2004/087650. The process, outlined in Scheme 4, involves the synthesis of
methyl 4-(2,4,5-trifluorophenyl)acetoacetate (21) by refluxing Mecldrum’s adduct (19) in
methanol. The -ketoester (21) formed was further subjected to asymmettic hydrogenation
using tuthenium dichloride and (S)-BINAP to obtain (3S)-4-(2,4,5,-trifluorophenyl)-3-
hydtoxybutanoic acid (23), which was further converted into the oxazetidine (25) via
hydroxy intermediate (24). The oxazetidine (25) was converted into (3R)-3-
[(benzyloxy)amino]-4-(2,4,5-trifluorophenyl)butanoic  acid (26) and this was further
converted into enantiomerically enriched sitagliptin free base (01) and sitagliptin

dihydrogen phosphate (02).

Howevet, the processes disclosed in patent application WO 2004/087650 ate not suitable
for industrial production as they involve a vety expensive chiral catalyst and require

reaction at high pressure.
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As discussed above, the prior art teaches a variety of asymmetric syntheses to prepare
enantiometically entiched B-amino acids and their detivatives in the prepatation of
sitagliptin, The ptiot art also illusttates the impottance of P-amino acid detivatives, in
patticular B-amino esters and amides, as key intermediates for the synthesis of sitagliptin

free base (01) and sitagliptin dihydrogen phosphate (02). Howevet, as discussed, the ptior

art processes suffer from various disadvantages with respect to commercial production.

In view of the importance of sitagliptin free base (01) and its dihydrogen phosphate salt
(02) for anti-diabetic treatment, there is a great need for a simple, convenient, inexpensive
and commercially viable process for the synthesis of sitagliptin with a commercially

acceptable yield and purity.

Optical resolution is a particularly convenient technique for the commercial production of

chiral molecules as the technique eliminates the problems associated with asymmetric
synthesis. Surptisingly, the resolution of racemic B-amino acids ot detivatives to obtain
enantiomerically enriched B-amino acids or derivatives and their subsequent conversion
mto enantiomerically enriched sitagliptin free base (01) and its dihydrogen phosphate salt

(02) has not been tepotted in any of the prior art.

Sutprisingly, the present inventors have developed a method of resolution of racemic 3-

amino acid detivatives, in particular B-amino estets, to obtain enantiometically entiched f3-
amino acid detivatives which are extremely suitable for the synthesis of enantiomerically

putre sitagliptin and salts thereof.

Objects of the invention

It is therefore an object of the present invention to prepare an enantiometically entiched [3-
amino acid derivative, in particalar a B-amino ester, which will be useful for the synthesis of
enantiomerically enriched sitagliptin free base (01) and its salts, by a simple, reliable,

convenient and commercially acceptable process.
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It is another object of the present invention to provide enantiomerically entriched B-amino

acid detivatives, such as P-amino estets, and processes to ptrepare them, where said
detivatives will be useful as intermediates for the synthesis of enantiomerically enriched
sitagliptin free base (01) and its salts, by using a simplc and teliable tesolution technique,

typically involving an inexpensive and readily available resolving agent.

It is yet another object of the present invention to provide phatmaceutical compositions
and their use, wherein the compositions comprise sitagliptin free base (01) ot its salts, such

as the dihydrogen phosphate salt (02), obtained by the processes of the present invention.

Definitions

For the purposes of the present invention, a compound with one or mote chiral centres is
“enantiomerically enriched”, if it comprises more than 75% of onec stetcoisomet, preferably
mote than 80%, preferably more than 85%, preferably more than 90%, pteferably mote
than 95%. Accordingly, the term “enantiomerically entiched B-amino acid derivatives”
encompasses, for example, “enantiomerically enriched (R)-sitagliptin (01) ot its dihydtogen
phosphate salt (02)” which comprises more than 75% of the (R)-steteoisomer and less than
25% of the (S)-stereoisomer. Similarly, the term “enantiomerically entiched B-amino acid
derivative salt” encompasses, for example, “enantiomerically entiched (R)-f-amino acid
detivative (R)-mandelate” which comprises more than 75% of the (R),(R)-sterecisomer and

less than 25% of the (S),(R)-, (R),(S)- and (S),(S)-steteoisomerts.

For the putrposes of the present invention, a compound with one ot mote chital centres is
“racemic”, if it comprises each stereoisomer relative to each other steteoisomer in a ratio of
from1: 1.5 to 1.5 : 1. This means that a compound with one chiral centre is “racemic”, if it
comprises 40-60% of each of the two sterecisomets. A compound with two chiral centres
is “racemic”, if it comprises 20-30% of each of the four stereoisomets etc. Accordingly, the
term “racemic B-amino acid derivative (03)” encompasses, for example, “racemic sitagliptin
ot its dihydrogen phosphate salt” which comprises (R)-sitagliptin or its dihydrogen
phosphate salt and (S)-sitagliptin or its dihydrogen phosphate salt in a tatio of from 60:40
to 40:60.
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Por the purposes of the present invention, the term “an enantiomer” of an optically active
acid such as tartaric acid, camphor-10-sulphonic acid, camphot-3-sulphonic acid, 3-btomo-
camphor-9-sulphonic  acid, 2-keto-gulonic acid, «-methoxyphenylacetic acid, 2-
nitrotartranilic acid, malic acid, 2—phenoxfpropionic acid, N-acetylleucine, N-(a-
methylbenzyl)succinamic acid, N-(«-methylbenzyl)phthalamic acid, quinic acid, di-O-
isopropylidene-2-oxo-L-gulonic  acid, 2-hydroxy-4-isopropenyl-1-methyl-cyclohexane-1-
sulphonic acid, mandelic acid, or a derivative thereof, ot the term “an enantiomet™ of a
mandelic acid derivative, means that the acid or the derivative thereof comprises more than
95% of one stereoisomet, preferably more than 98%, preferably more than 99%, preferably
more than 99.9%. Similarly, the term “(R)-(-)-mandelic acid” means that the mandelic acid
comprises more than 95% of the (R)-stetcoisomer, preferably more than 98%, preferably

more than 99%, preferably more than 99.9%.

For the purposes of the present invention, a “chiral acid” ot an “acid resolving agent” is
any acid capable of forming a salt with the amino gtoup of a B-amino acid detivative.
Preferred acid resolving agents of the present invention are tartaric acid, camphor-10-
sulphonic acid, camphor-3-sulphonic acid, 3-bromo-camphor-9-sulphonic acid, 2-keto-
gulonic acid, o-methoxyphenylacetic acid, 2-nitrotattranilic acid, malic acid, 2-
phenoxypropionic acid, N-acetylleucine, N-(a-methylbenzyl)succinamic acid, N-(a-
methylbenzyl)phthalamic acid, quinic acid, di-O-isopropylidene-2-oxo-L-gulonic acid, 2-
hydroxy-4-isopropenyl-1-methyl-cyclohexane-1-sulphonic  acid, mandelic acid, and
detivatives thereof, preferably (L)-tartaric acid, O,0'-di-p-toluoyl-(I)-tartaric acid, O,0'-
dibenzoyl-(L)-tartaric acid, (R)-mandelic acid and its detivatives such as (R)-3-chloro-

mandelic acid and (R)-3-bromo-mandelic acid, preferably (R)-mandelic acid.

For the purposes of the present invention, an “alkyl” group is defined as a monovalent
saturated hydrocarbon, which may be straight-chained or branched, ot be or include cyclic
groups. An alkyl group may optionally be substituted, and may optionally include one ot
more heteroatoms N, O or S in its catbon skeleton. Preferably an alkyl group is straight-
chained or branched. Preferably an alkyl group is not substituted. Preferably an alkyl group
does not include any heteroatoms i its carbon skeleton. Examples of alkyl groups are
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, cyclopentyl, cyclohexyl
and cycloheptyl groups. Preferably an alkyl group is a C,,, alkyl group, preferably a C
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alkyl group. Preferably a cyclic alkyl group is a C,4, cyclic alkyl group, preferably a C,,
cyclic alkyl group.

An “alkenyl” group is defined as a monovalent hydtocarbon, which comprises at least one
catbon-carbon double bond, which may be straight-chained ot branched, ot be ot include
cyclic groups. An alkenyl group may optionally be substituted, and may optionally include
one or mote heteroatoms N, O or S in its carbon skeleton. Prefetably an alkenyl group is
straight-chained or branched. Preferably an alkenyl group is not substituted. Preferably an
alkenyl group does not include any heteroatoms in its carbon skeleton. Examples of alkenyl
groups ate vinyl, allyl, but-1-enyl, but-2-enyl, cyclohexenyl and cycloheptenyl groups.
Preferably an alkenyl group is a C,,, alkenyl group, preferably a C,, alkenyl group.
Preferably a cyclic alkenyl group is a C,y, cyclic alkenyl group, pteferably a C; cyclic
alkenyl group.

An “alkkynyl” group is defined as a monovalent hydtocatbon, which comprises at least one
carbon-carbon triple bond, which may be straight-chained or branched, or be or include
cyclic groups. An alkynyl group may optionally be substituted, and may optionally include
one or more heteroatoms N, O or S in its catbon skeleton. Preferably an alkynyl group is
straight-chained or branched. Preferably an alkynyl group is not substituted. Preferably an
alkynyl group does not include any heteroatoms in its carbon skeleton. Examples of alkynyl
groups are cthynyl, propargyl, but-1-ynyl and but-2-ynyl groups. Preferably an alkynyl
group is a G, 4, alkynyl group, preferably a C,, alkynyl group. Preferably a cyclic alkynyl
group is a Cg,, cyclic alkynyl group.

An “atyl” group is defined as a monovalent aromatic hydrocatbon. An atyl group may
optionally be substituted, and may optionally include one ot mote heteroatoms N, O or S

in its carbon skeleton.

For the purposes of the present invention, where a combination of groups is refetred to as
one moiety, for example, atylalkyl, arylalkenyl, atylalkynyl, alkylaryl, alkenylaryl or
alkynylaryl, the last mentioned group contains the atom by which the moiety is attached to

the rest of the molecule. A typical example of an atylalkyl group is benzyl.
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The tetms “sitagliptin” and “(R)-sitagliptin are used interchangeably herein throughout the
description and claims, and mean sitagliptin and/or any salt, hydrate or solvate theteof
unless specified otherwise, Similatly, the term “(S)-sitagliptin”, refetting to the enantiomer
of (R)-sitagliptin, means (S)-sitagliptin and/or any salt, hydrate ot solvate thercof unless

specified otherwise.

Summary of the invention

A first aspect of the present invention provides a process for the preparation of sitagliptin,
or a pharmaceutically acceptable salt thereof, comprising resolution of a racemic B-amino
acid, or a derivative thercof, with an acid resolving agent. Preferably, the B-amino acid
derivative is a -amino ester or a B-amino amide. Mote preferably, the B-amino acid

derivative is a $-amino estet.

Preferably, the B-amino acid detivative is an alkyl, alkenyl, alkynyl, atyl ot atylalkyl ester.
More preferably, the f-amino acid detivative is a C; to C; alkyl ester or a benzyl estet or a
substituted benzyl ester. Mote preferably, the $-amino acid detivative is a C, to C, alkyl
ester, preferably 2 methyl or ethyl ester. Most preferably, the B-amino acid detivative is a

methyl ester.

Preferably, the f-amino acid is 3-amino-4-(2,4,5-trifluorophenyl)butancic acid or a
derivative thereof, Preferably, the detivative is an ester and most preferably the detivative is

methyl 3-amino-4-(2,4,5-trifluorophenyl)butanoate.

Preferably, the resolving agent used in the first aspect of the present invention is an
enantiomer of mandelic acid, tartaric acid, camphor-10-sulphonic acid, camphot-3-
sulphonic  acid, 3-bromo-camphor-9-sulphonic  acid, 2-keto-gulonic  acid, -
methoxyphenylacetic acid, 2-nitrotartranilic acid, malic acid, 2-phenoxypropionic acid, N-
acetylleucine, N-(a-methylbenzyl)succinamic acid, N-(x-methylbenzyl)phthalamic acid,
quinic acid, di-O-isopropylidene-2-oxo-L-gulonic acid, 2-hydroxy-4-isopropenyl-1-methyl-
cyclohexane-1-sulphonic acid, or a detivative thereof. Preferably, the resolving agent is an

enantiomer of mandelic acid, such as (R)-(-)-mandelic acid ot (5)-(+)-mandelic acid.
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Preferably, the process according to the first aspect of the present invention comprises the
steps of:

(2) treating a racemic B-amino acid, or a detivative thercof, with an acid tesolving
agent, preferably (R)-(-)-mandelic acid, or a detivative thereof, to obtain an enantiometically
entiched salt;

{(b) optionally crystallising the enantiomerically entiched salt; and

(© dissolving or suspending the enantiomerically enriched salt obtained in step (a) ot
(b) in an organic solvent or water or a mixture thereof, and adjusting the pH of the solution
ot suspension with a base to obtain an enantiometically enriched B-amino acid or derivative

thereof.

Preferably, the base used in step (c) is selected from an organic base, an inotganic base ot a

mixtutre theteof.

Preferably, the base used in step (c) is an organic base, such as an amine prefetrably selected
from methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine, triethylamine,

N,N-diisopropylethylamine, cyclohexylamine, or a mixture thereof.

Preferably, the base used in step (c) is an inorganic base, such as ammonia, 2 metal
hydroxide, a metal carbonate or a mixture thereof. Preferably, the metal hydroxide is
sodium hydroxide, potassium hydroxide or lithium hydroxide, and/or the metal carbonate

1s sodium carbonate, lithium carbonate or calcium catbonate.

Preferably, step (a) is catried out in an organic solvent, optionally in the presence of watet.
The organic solvent is preferably selected from a protic ot an aprotic solvent ot a mixtute
thereof. More‘ptefembly, the organic solvent is an alcohol, a ketone, an ether, an alkane, a
cycloalkane, a formamide, an acetate, a halogenated solvent ot a mixture theteof. Mote
preferably, the organic solvent is an alcohol preferably selected from methanol, ethanol, n-
propanol, isopropanol, n-butanol, i-butanol, t-butanol, 2-pentanol, 3-pentanol, 4-penten-2-
ol, 1,6-hexanediol, 1-hexanol, 5-hexen-1-ol, glycerol, 1-heptanol, 2-heptanol, 1-octanol, 2-

octanol, 3-octanol or a mixture thereof. Most preferably, the alcohol is isopropanol.
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If required, the solvent used in step (a) is a mixture comptising an alcohol and at least 0.1

to 20% watet, preferably a mixture of an aleochol and 0.5 to 5% water.

Preferably, the process according to the first aspect of the present invention is a process for
the preparation of sitagliptin (01) ot sitagliptin dihydrogen phosphate salt (02), preferably
sitagliptin dihydrogen phosphate salt (02).

A second aspect of the present invention provides an ester of (Z)-3-amino-4-(2,4,5-
trifluorophenyl)but-2-enoic acid ot a salt thereof. The ester is preferably an alkyl, alkenyl,
alkynyl, aryl or arylalkyl ester and is most preferably methyl (Z)-3-amino-4-(2,4,5-

ttifluorophenylybut-2-cnoate or a salt theteof.

A third aspect of the present invention provides an estet of (3RS)-3-amino-4-(2,4,5-
ttiftnorophenyl)butanoic acid or a salt thereof. The ester is prefetably an alkyl, alkenyl,
allkynyl, aryl or arylalkyl estet and is most prefetably methyl (3RS)-3-amino-4-(2,4,5-

trifluorophenyl)butanoate ot a salt thereof.

A fourth aspect of the present invention provides an ester of (3R)-3-amino-4-(2,4,5-
trifliorophenyl)butanoic acid or a salt thereof. The ester is preferably an alkyl, alkenyl,
allkynyl, aryl or atylallyl ester and is most preferably methyl (3R)-3-amino-4-(2,4,5-

trifluorophenyl)butanoate or a salt thereof.

A fifth aspect of the present invention provides a process fot the preparation of sitagliptin
(01), or a pharmaceutically acceptable salt theteof, wherein the ptocess involves a
compound according to the second, thitd or fourth aspects of the present invention.

Preferably, the sitagliptin (01) is in the form of its dihydrogen phosphate salt (02).

A sixth aspect of the present invention provides sitagliptin (01), or a pharmaceutically
acceptable salt thereof (such as the dihydrogen phosphate salt (02)), as prepatred by a
process according to the first or fifth aspect of the present invention. Preferably the
sitagliptin (01) or the pharmaceutically acceptable salt thereof has an enantiomeric purity of

99% or more, 99.5% or more, 99.9% or mote, or 99.99% ot mote (as measured by chiral
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HPLC) and a chemical putity of 99% or mote, 99.5% or more, 99.9% or more, or 99.99%
or more (as measured by HPLC).

The sixth aspect of the present invention also ptovides sitagliptin (01), or a
pharmaceutically acceptable salt theteof (such as the dihydrogen phosphate salt (02)),
having an enantiometic putity of 99% ot more, 99.5% or more, 99.9% or more, or 99.99%

or more (as measured by chiral HPLC).

The sixth aspect of the present invention also provides sitagliptin (01), or a
phatmaceutically acceptable salt thereof (such as the dihydrogen phosphate salt (02)),
having a chemical putity of 99% ot more, 99.5% ot mote, 99.9% or more, or 99.99% or

more (as measured by HPLC).

Preferably the sitagliptin (01) ot the pharmaceutically acceptable salt thereof according to
the sixth aspect of the present invention is suitable for use in medicine, preferably for
treating or preventing a disease or condition for which an inhibitor of dipeptidyl peptidase-
IV is effective, preferably for treating or preventing diabetes, hypetglycemia, insulin
tesistance, obesity, or high blood pressure, preferably for treating or preventing diabetes

type-2.

A seventh aspect of the present invention provides a pharmaceutical composition
comptising sitagliptin (01), or a pharmaceutically acceptable salt theteof, according to the

sixth aspect of the present invention.

An eighth aspect of the present invention provides the usc of sitagliptin (01) or a
phatmaceutically acceptable salt thereof according to the sixth aspect of the present
invention, or the use of the pharmaceutical composition according to the seventh aspect of
the present invention, in the manufacture of a medicament for the treatment ot ptevention
of a disease or condition for which an inhibitor of dipeptidyl peptidase-IV is effective.
Preferably, the use according to the eighth aspect of the present invention is in the
treatment or prevention of diabetes, hyperglycemia, insulin resistance, obesity, or high

blood pressure, more preferably in the treatment ot prevention of diabetes type-2.
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A ninth aspect of the present invention provides a method of treating or preventing a
disease or condition for which an inhibitor of dipeptidyl peptidase-IV is effective, the
method comprising administering to a patient in need thereof a therapeutically ot
prophylactically effective amount of sitagliptin (01) or a pharmaceutically acceptable salt
thereof according to the sixth aspect of the present invention, ot a thetapeutically ot
prophylactically effective amount of the pharmaceutical composition according to the
seventh aspect of the present invention. Preferably, the method is for the treatment ot
prevention of diabetes, hyperglycemia, insulin resistance, obesity, ot high blood pressure.
More preferably, the method is for the treatment or prevention of diabetes type-2.

Preferably the patient is a mammal, preferably a human.

If required, in the use according to the ecighth aspect of the present invention ot in the
method according to the ninth aspect of the present invention, the sitagliptin (01), ot a
pharmaceutically acceptable salt theteof, is used in combination with one or more other
active pharmaceutical ingredients. The other active ingtedient(s) may be administeted
separately or in the same pharmaceutical composition. Prefetably, the othet active
ingredient(s) is selected from insulin sensitizers such as glitazones (such as troglitazone,
pioglitazone, englitazone and rosiglitazone); fenofibric acid derivatives (such as gemfibrozil,
clofibrate, fenofibrate and bezafibrate); biguanides (such as metformin and phenformin);

sulfonylureas (such as glipizide); or mixtutres theteof.

Brief description of the accompanying figures

Schemes 1-4 outline prior art processes for the prepatation of sitagliptin or a

pharmaceutically acceptable salt thereof.

Scheme 5 outlines a particulatly preferred embodiment of the process of the ptesent

invention fot the preparation of sitagliptin or a pharmaceutically acceptable salt thereof.



70

15

20

25

30

WO 2010/131025 PCT/GB2010/050760

-13 -

Dectailed description of the invention

The present invention comprises a process for the prepatation of sitagliptin free base (01)
and its salts, by a simple, reliable, convenient and commetcially acceptable process, which
includes the following advantages:

° The resolving agents used, preferably an enantiomer of mandelic acid ot a
detivative thereof, are inexpensive and easily available.

. The process can be cattied out undet mild reaction conditions.

. An excellent enantiomeric purity is achieved in the tesolution step (98-99% or

more, typically 99.25-99.75% or more).

. The process is convenient and easy to catty out.
. The isolation of the enantiomerically entiched $-amino estet is convenient.
. The enantiomerically enriched B-amino ester obtained is of high enough quality to

meet the requirements of the ICH guidelines when converted into sitagliptin (01) and/ot a
salt thereof, such as sitagliptin dihydrogen phosphate (02).

. ‘The process is particularly suitable for commercial scale manufacture.

The present invention provides a simple, convenient, and inexpensive process of preparing
enantiomerically enriched sitagliptin free base (01) and sitagliptin dihydrogen phosphate

(02), using an enantiomerically enriched B-amino acid derivative ot B-amino ester.

A preferred embodiment of the present invention involves the process of resolving racemic
f-amino ester (04) using an acid resolving agent, such as (R)-(-)-mandelic acid or a
derivative thereof, to obtain enantiomerically entiched (R)-B-amino ester (4a), wherein R is

an alkyl, alkenyl, alkynyl, aryl or arylalkyl group.

Other preferred acid resolving agents are enantiomers of tattaric acid, camphor-10-
sulphonic acid, camphor-3-sulphonic acid, 3-bromo-camphos-9-sulphonic acid, 2-keto-
gulonic acid, o-methoxyphenylacetic acid, 2-nittotartranilic acid, malic acid, 2-
phenoxypropionic acid, N-acetylleucine, N-(x-methylbenzyl)succinamic acid, N-(a-
methylbenzyl)phthalamic acid, quinic acid, di-O-isopropylidene-2-oxo-L-gulonic acid, 2-

hydtoxy-4-isopropenyl-1-methyl-cyclohexanc-1-sulphonic acid, ot a derivative thereof, or
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an enantiomer of mandelic acid or a detivative thereof. Preferably the enantiomer of

mandelic acid is (R)-(-)-mandelic acid.

Preferably the enantiomerically entiched $-amino acid detivative ot B-amino ester obtained
is converted into enantiomerically enriched sitagliptin base (01) ot its dihydrogen
phosphate salt (02).

In a preferted embodiment of the first aspect of the present invention, the process
comptises the steps of:
(2) treating a racemic f-amino acid detivative (03) with an enantiomer of mandelic acid

or a derivative theteof to obtain an enantiometically entiched f-amino acid derivative salt;

() optionally crystallising the enantiometically entiched B-amino acid derivative salt;
and
() dissolving or suspending the enantiometically enriched f-amino acid derivative salt

obtained in step (a) or (b) in an organic solvent ot watet ot a mixtute thereof, and adjusting
the pH of the solution or suspension with a base to obtain an enantiomerically enriched §-

amino acid derivative.

In another preferred embodiment of the present invention, the process comprises the steps
of:

(=) treating a racemic B-amino ester (04) with (R)-(-)-mandelic acid or a derivative
thereof to obtain an enantiomerically enriched -amino estet (4a) salt i.e. B-amino ester (4a)
(R)-(-)-mandelate or a detivative thereof, wherein R is an alkyl, alkenyl, alkynyl, aryl or
arylalkyl group;

(b) optionally crystallising the enantiomerically entiched 8-amino ester (4a) (R)-(-)-
mandelate or the detivative thereof; and

(© dissolving or suspending the enantiomerically entiched B-amino ester (42) (R)-(-)-
mandelate or the derivative thereof obtained in step (a) ot (b) in an otganic solvent or water
or a mixture thereof, and adjusting the pH of the solution ot suspension with a base to

obtain an cnantiometically entiched f-amino ester.

In a further preferred embodiment of the present invention, the process comprises the

steps of:
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(2) treating racemic methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (29) or a
detivative thereof with (R)-(-)-mandelic acid ot a derivative theteof to obtain
enantiomerically enriched methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (R)-(-)-
mandelate (30) or a detivative thereof;

(b) optionally crystallising the enantiomerically enriched methyl (3R)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate (R)-(-)-mandelate (30) ot the derivative theteof; and

] dissolving or suspending the enantiometically entiched methyl (3R)-3-amino-4-
(2,4,5-trifluvorophenyl)butanoate (R)-(-)-mandelate (30) or the detivative theteof obtained in
step (a) or (b) in an organic solvent or water or a mixture thereof, and adjusting the pH of
the solution or suspension with a base to obtain enantiomerically entiched methyl (3R)-3-

amino-4-(2,4,5-trifluorophenyl)butanoate (31).

Preferably the acid resolving agent, such as the enantiomer of mandelic acid ot a detivative
thereof, used in step (a) of these preferred embodiments, is used in an amount of 0.4 to 10
equivalents, preferably in an amount of 0.5 to 2.05 equivalents, tclative to the racemic -

amino acid derivative (03) or relative to the racemic f-amino ester (04).

Preferably step (a) of these preferred embodiments is cartied out in an otganic solvent in
the presence or absence of water. Preferably in step (b) of these preferred embodiments,
the enantiomerically entiched B-amino acid detivative or $-amino ester salt is crystallised
from an organic solvent in the presence or absence of water. The organic solvent may be a
protic or aprotic solvent. Preferably the otganic solvent is an alcohol, a ketone, an ethet, an

alkane, a cycloalkane, a formamide, an acetate, a halogenated solvent ot 2 mixtute thereof.

Step (b) of the prefetred embodiments typically involves ctystallisation from a solvent

mixture comprising an alcohol and at least 0.10-15% water.

Step (c) of these preferred embodiments is typically cartied out in an otganic solvent ot

water or a mixture thereof.

Preferably, the enantiomerically enriched B-amino acid derivative or $-amino ester salt is a
salt of tartaric acid, camphor-10-sulphonic acid, camphor-3-sulphonic acid, 3-bromo-

camphor-9-sulphonic  acid, 2-keto-gulonic acid, «-mcthoxyphenylacetic acid, 2-
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nitrotartranilic acid, malic acid, 2-phenoxypropionic acid, N-acetylleucine, N-(o-
methylbenzyl)succinamic acid, N-(«-methylbenzyl)phthalamic acid, quinic acid, di-O-
isopropylidene-2-oxo-L-gulonic  acid, 2-hydroxy-4-isoptopenyl-1-methyl-cyclohexane-1-
sulphonic acid, O,0'"-di-p-toluoyl-(L)-tattaric acid (including O,0'-di-p-toluoyl-(L)-tartaric
acid monohydtate), O,0'-dibenzoyl-(L)-tattatic acid, mandelic acid, (R)-3-chloro-mandclic
acid, or (R)-3-bromo-mandelic acid. More preferably, the enantomerically enriched B-
amino acid derivative or B-amino ester salt is a salt of (R)-(-)-mandelic acid ot a derivative

thereof.

Preferably, the base used in step (c) of these preferred embodiments is an organic or an
inorganic base. Preferably, the organic base is an amine, preferably methylamine,
dimethylamine,  trimecthylamine, ethylamine, diethylamine, triethylamine, N,N-
diisopropylethylamine, —cyclohexylamine, ot a mixture theteof, pteferably N,N-
diisopropylethylamine. Preferably, the inotganic base is ammonia, a metal hydroxide (such
as sodium hydroxide, potassium hydroxide ot lithium hydroxidc), a metal catbonate (such
as sodium carbonate, lithium carbonate or calcium catbonate), or a mixture thereof.
Preferably, the pH of the solution or suspension is adjusted to 4 to 9, preferably 8 to 9.

Preferably, step (c) is carried out at a temperature of 0-30°C, preferably 20-30°C.

In all embodiments of the process of the present invention, preferably the enantiomerically
entiched f-amino acid derivative, f-amino ester, sitagliptin and its salts are prepared on an
industrial scale, preferably in batches of 0.5kg ot more, 1kg or mote, 10kg ot more, ot 50kg

Oof mote.

In all embodiments of the process of the present invention, preferably the tempetature

throughout the reaction is less than 100°C, preferably less than 90°C.

In all embodiments of the process of the present invention, preferably the enantiometically

entiched B-amino acid derivative and B-amino ester is obtained in a molar yield of at least

60% to 65%.

Preferably, the enantiomerically enriched -amino acid detivative salt and $-amino ester salt

obtained has an enantiometic purity of 93% ot mote, 95% ot mote, 97% ot mote, 98.5%
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or mote, or 99.9% or more (as measuted by chiral HPLC). Preferably, the enantiomerically
entiched B-amino acid derivative salt and B-amino ester salt obtained has a chemical putity
of 95% ot more, 98% or more, 99% or more, 99.5% ot mote, ot 99.9% or mote (as

measured by HP1.C).

Preferably, the enantiomerically enriched B-amino acid detivative and B-amino ester
obtained has an enantiomeric purity of 93% or mote, 95% ot mote, 97% ot mote, 98.5%
ot more, or 99.9% or more (as measured by chiral HPLC). Preferably, the enantiomerically
entiched B-amino acid derivative and $-amino ester obtained has a chemical putity of 95%
ot more, 98% ot more, 99% or mote, 99.5% or more, or 99.9% or more (as measured by

HPLC).

Prefetrably, the sitagliptin free base (01) and its salts, such as the dihydtogen phosphate salt
(02), are prepared with an enantiometic purity of 99% ot mote, 99.5% or mote, 99.9% ot
more, ot 99.99% ot mote (as measured by chiral HPLC) and a chemical putity of 99% ot

more, 99.5% or more, 99.9% or more, or 99.99% or mote (as measured by HPLC).

A particulatly preferred embodiment of the process of the present invention for the

prepartation of sitagliptin is outlined in Scheme 5.

Preferred embodiments of the present invention comprise the following steps:

(1) Prepartation of Mecldrum’s adduct (19).

(2) Preparation of methyl 4-(2,4,5-trifluorophenylacetoacctate (21).

(3) Preparation of methyl (Z)-3-amino-4-(2,4,5-trifluctophenyl)but-2-enoate (28).

(4) Preparation of racemic methyl (3RS)-3-amino-4-(2,4,5-ttifluorophenyl)butanoate (29).
(5) Resolution of racemic methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (29).

(6) Preparation of (3R)-3-[N-(tett-butoxycarbonyljamino]-4-(2,4,5-trifluorophenyl)butanoic
acid (07).

(7) Preparation of 7-[(3R)-3-[N-(tert-butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)-
butanoyl]-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,2,4-triazolo[4,3-a] pyrazine (12).

(8) Preparation of enantiomerically enriched sitagliptin free base (01).
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(1) Preparation of Meldrum’s adduct (19)

Meldrum’s adduct formation was catried out by using a process teported in the literature.
2,4,5-Trifluotophenylacetic acid (18) was treated with an acid activating gtoup, prefetably
N,N'-catbonyldiimidazole (CDI), prefetably in ethereal solvents, to fotm a complex. The
complex was further treated with Meldrum’s acid and the entite reaction sequence was
carried out in a temperature range of 25-55°C. The Meldtum’s adduct was further isolated
by aqueous work up procedures, which preferably involved complete temoval of the
solvent, acidification of the reaction mixture, extraction using halogenated solvent, washing

of the organic layet with water and distillation of the solvent to afford the product.

(2) Preparation of methyl 4-(2,4,5-trifluorophenylacetoacetate (21)

The Meldrum’s adduct (19) was treated with alcoholic solvents, pteferably with methanol,
at higher temperature, preferably at 60-65°C. The ester formed was preferably isolated by
an aqueous extractive work up procedure, which preferably involved complete removal of
the solvent, basification of the reaction mixture, extraction using halogenated solvent,

washing of the organic layer with water and distillation of the solvent to afford the product.

3) Preparation of methyl (Z)-3-amino-4-(2.4,5-triftuorophenyl)but-2-enoate (28

Methyl 4-(2,4,5-trifluorophenyl)acetoacetate (21) was treated with anhydrous ammonium
acetate in an alcoholic solvent, preferably methanol, and preferably at higher temperature,
preferably at 60-65°C. The methyl (Z)-3-amino-4-(2,4,5-trifluorophenyl)but-2-enoate (28)
formed was preferably isolated by complete removal of the solvent under reduced pressute,
separation of excess of ammonium acetate by using a polat organic solvent such as ethyl
acetate, distillation of the polar otganic solvent and triturating the product with non-polat

solvents like hexane.

4) Preparation of racemic methvl (3RS)-3-amino-4-(2.4.5-trifluorophenylbutanoate (29

Racemic methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (29) was prepared by
reducing the methyl (Z)-3-amino-4-(2,4,5-trifluorophenyl)but-2-enoate (28) with a reducing
agent such as an alkali metal borohydride. The reducing agent is preferably sodium
cyanoborohydride. The reduction is preferably performed in the presence of an organic
protic solvent or ethercal solvent. The tempetature of this reaction should preferably be
less than 0 to -5°C duting the addition of the sodium cyanobotohydtide. In addition, there
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should be strict control on the amount of water present during the reaction by using water-
scavenging agents. The amount of sodium cyanobotohydride used for this reduction is

preferably 0.5 to 10 equivalents.

(5) Preparation of methyl (3R)-3-amino-4-(2.4,5-trifluorophenyl)butanoate (31)

The resolution of racemic amine (29) involves two or three stages:

(®) treating methyl (3RS)-3-amino-4-(2,4,5-trifluotophenyl)butanoate (29) with an acid
resolving agent, such as (R)-(-)-mandelic acid ot a detivative thereof, to obtain an
enantiomerically entiched crude methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate
salt such as the (R)-(-)-mandelate salt;

(k) optionally crystallising the enantiomerically enriched crude methyl (3R)-3-amino-4-
(2,4,5-trifluotophenyl)butanoate salt to obtain an enantiomerically entiched pure methyl
(3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate salt, such as the (R)-(-)-mandelate salt (30);
and

(© dissolving or suspending the enantiomerically entiched salt, such as methyl (3R)-3-
amino-4-(2,4,5-trifluorophenyl)butanoate (R)-(-)-mandelate (30) or a detivative theteof,
obtained from step (a) ot (b) in an organic solvent ot watet or a mixture thereof, and
adjusting the pH of the solution or suspension with a base to obtain enantiomerically

enriched methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (31).

Preferably the acid resolving agent, for example (R)-(-)-mandelic acid or a derivative
thereof, used in step (a) of these preferted embodiments is used in an amount of 0.4 to 10
equivalents, preferably in an amount of 0.5 to 2.05 equivalents, relative to the racemic

methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (29).

In step (a) the acid resolving agent may be added to a solution ot suspension of methyl
(3RS)-3-amino-4-(2,4,5-trifluotophenyl)butanoate (29) either as a solid or in solution. A
preferred solution is prepared in an organic protic or aprotic solvent, in a mixture of
organic protic ot aprotic solvents, in water, or in a mixtute of one ot mote organic protic
ot aprotic solvents and water. Preferably the organic protic or aprotic solvent is an alcohol,
a ketone, an ether, an alkane, a cycloalkane, a formamide, an acetate, a halogenated solvent

ot a mixture thereof. Preferably, (R)-(-)-mandelic acid solution is prepated in isopropanol.
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The preferred temperature for the addition of the acid resolving agent, such as (R)-(-)-
mandelic acid, is -10 to 90°C, preferably 25-30°C.

After the addition of the acid tesolving agent, such as (R)-(-)-mandelic acid, the teaction
mixture is preferably stitred at a temperatute of -10 to 90°C, preferably -10 to 30°C, and
more preferably at 25-30°C, to obtain a clear solution. The clear solution is preferably
stirred for a period of 5 minutes to 10 houts, preferably stitred at a temperatute of -10 to
30°C for 5 minutes to 10 hours, preferably at 25-30°C for about 3-4 hours, to precipirate
the enantiomerically  enriched salt, such as methyl (3R)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate (R)-(-)-mandelate. The enantiomerically entiched salt is isolated
preferably by filtration, preferably washed with isopropanol and preferably dried in a
vacuum oven at a temperatute of 40-60°C, more preferably at 40-45°C, for about 4-5

houts.

In a pteferred resolution procedure, in step (a), racemic methyl (3RS)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate  (29) is treated with (R)-(-)-mandelic acid to obtain
enantiomerically enriched crude methyl (3R)-3-amino-4-(2,4,5-trifluctophenyl)butanoate
(R)-(-)-mandelate (30) with 93-99% enantiometic putity (R-isomet as measured by chiral
HPI.C). The molar yield of the enantiometically enriched crude methyl (3R)-3-amino-4-
(2,4,5-trifluorophenylbutanoate  (R)-(-)-mandclatc (30) is preferably at least 60-65%.
Duting step (b), the enantiomeric purity of the enantiomerically entiched crude methyl
(3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (R)-(-)-mandelate salt (30) is increased up
to 99.75-100% (R-isomer as measured by chiral HPLC) to obtain enantiometically enriched
pute methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (R)-(-)-mandelate (30).

Preferably step (a) and step (b) of these preferted embodiments are cartied out in an
organic solvent optionally in the presence of water. The organic solvent may be a protic or
aprotic solvent. Preferably the organic solvent is an alcohol, a ketone, an ether, an alkane, a
cycloalkane, a formarnide, an acetate, a halogenated solvent or a mixture theteof. The
solvent is preferably an alcohol, preferably selected from methanol, ethanol, n-propanol,
isopropanol, n-butanol, i-butanol, t-butanol, 2-pentanol, 3-pentanol, 4-penten-2-ol, 1,6-
hexanediol, 1-hexanol, 5-hexen-1-ol, glycetol, 1-heptanol, 2-heptanol, 1-octanol, 2-octanol,

ot 3-octanol or a mixture thereof. The solvent is most preferably isopropanol.
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Preferably in step (a) and step (b) of these prefetted embodiments, the solvent mixtutre
comptises alcohol : water in a tatio of 50 : 50 to 99.9 : 0.1, prefetably in a tatio of 80 : 20 to
99.9 : 0.1. A prefetred solvent mixtute is isoptopanol : water in a ratio of 80 : 20 to

99.9: 0.1,

Step (c) of these prefetred embodiments is cartied out in an otganic solvent ot watet ot a

mixtute thereof, preferably in water as solvent.

The enantiomerically entiched f-amino ester, such as methyl (3R)-3-amino-4-(2,4,5-
triftuorophenyl)butanoate (31), is preferably isolated by basification and extraction in
organic solvent and distillation of the organic solvent at 40-60°C, preferably at 40-45°C.
The enantiomeric purity of the enantiometically entiched B-amino estet obtained, such as
methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (31), is preferably 99.5% ot more,
99.8% ot more, 99.9% or more, or 99.99% ot mote (as mcasurcd by chiral HPLC). The
molar yield of the enantiomerically entiched f-amino ester obtained is preferably 90% or

maore.

In order to basify the solution or suspension of enantiomerically entiched B-amino ester
salt, the pId is adjusted to 4 to 9, preferably 8 to 9. The pH is preferably adjusted by using
an otganic or inorganic base. Preferred organic bases are methylamine, dimethylamine,
trimethylamine, ethylamine, dicthylamine, triethylamine, N,N-diisopropylethylamine, or
cyclohexylamine, preferably N,N-diisoptopylethylamine. Preferted inotrganic bases are
ammonia; a metal hydroxide such as sodium hydroxide, potassium hydroxide, lithium
hydroxide; a metal catbonate such as sodium carbonate, lithium catbonate, calcium

carbonate; and a mixture thereof. The most preferred base is sodium catbonate.

The pH is preferably adjusted at a temperature of -10 to 30°C, preferably 20-25°C.

By following reaction conditions similar to those mentioned above using (R)-(-)-mandelic
acid as resolving agent, resolution can also be achieved using an enantiomer of tattaric acid
ot a detivative thereof (such as O,0'-di-p-toluoyl-(L)-tartatic acid (including O,0'-di-p-
toluoyl-(I)-tartaric acid monohydrate) ot O,0'-dibenzoyl-(1)-tattaric acid), or an
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cnantiomer of a detivative of mandelic acid (such as (R)-3-chloro-mandelic acid or (R)-3-
btomo-mandclic acid), or an enantiomer of camphot-10-sulphonic acid, camphor-3-
sulphonic  acid, 3-bromo-camphor-9-sulphonic  acid, 2-keto-gulonic  acid, «-
methoxyphenylacetic acid, 2-nitrotattranilic acid, malic acid, 2-phenoxypropionic acid, N-
acetylleucine, N-(a-methylbenzyl)succinamic acid, N-(a-methylbenzyl)phthalamic acid,
quinic acid, di-O-isopropylidene-2-oxo-L-gulonic acid, 2-hydroxy-4-isopropenyl-1-methyl-

cyclohexane-1-sulphonic acid, or a derivative theteof.

By following reaction conditions similar to those mentioned above using (R)-(-)-mandelic
acid as resolving agent, (5)-(+)-mandelic acid can be used for the resolution of racemic -
amino acid derivatives, racemic $-amino esters and racemic methyl (3RS)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate to obtain (S)-B-amino acid detivatives, (S)-B-amino esters and
methyl (3S)-3-amino-4-(2,4,5-trifluorophenyl)butanoate. 'The methyl (3S)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate can be convetted into (S)-sitagliptin and its dihydrogen

phosphate salt.

By following reaction conditions similar to those mentioned above, tesolution of racemic

B-amino acid derivatives (03) can also be achieved.

acid (07)

The enantiomerically entiched methyl (3R)-3-amino-4-(2,4,5-ttifluorophenyl)butanoate (31)

was converted into  (3R)-3-[N-(tert-butoxycarbonylamino|-4-(2,4,5-trifluorophenyl)-
butanoic acid (07) by hydrolysis and protection. Preferably the hydrolysis and protection
ate cartied out in that order, preferably as a one-pot teaction. The methyl (3R)-3-amino-4-
(2,4,5-trifluorophenyl)butanoate (31) was preferably hydrolysed using a metal hydroxide,
preferably lithium hydroxide in ethereal solvents, mote preferably tettahydrofuran, in the
presence or absence of water. The preferred time and tempetature for this reaction is 5
minutes to 15 hours at 0-65°C, more preferably 8-10 hours at 25-30°C. After completion of
the hydrolysts, the amino group was protected, preferably by using di-tert-butyl
pyrocarbonate. The amino protection was catried out at 0-45°C for 15 minutes to 10 hours,
mote preferably at 25-30°C for 5-6 hours. The product was preferably isolated by aqueous

and extractive wotk up procedures such as removal of the solvent, adjusting the pH to
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about 2 using a base such as NallSO,, extraction in an otganic solvent such as ethyl

acetate, washing of the otganic layet, and distillation of the solvent to obtain the product.

butanoyl]-3-(triflucromethyl)-5,6,7,8-tetrahydro-1 24-triazolo[4,3-alpyrazine (12

(3R)-3-[N-(tert-Butoxycarbonyl)amino|-4-(2,4,5-trifluorophenyl)butanoic acid (07) was

coupled with 3-trifluoromethyl-5,6,7 8-tetrahydro[t,2,4]triazolo[4,3-a] pytazine
hydrochloride (11) to obtain Boc-protected sitagliptin free base, 7-[(3R)-3-[N-(tett-
butoxycatbonyl)amino}-4-(2,4,5-trifluorophenyl)butanoyl]-3-(trifluoromethyl)-5,6,7,8-

tetrahydro-1,2,4-triazolo[4,3-a]pyrazine (12). The coupling was prefetably catried out by
using coupling agents such as LDC-HCI, 1-hydroxybenzottiazole and a suitable base such
as N,N-diisopropylethylamine. The coupling was preferably cartied out in an aprotic
solvent such as N,N-dimethylformamide or N,N-ditmethylacetamide at 0-30°C for 1-12
houts, preferably at 25-30°C for 8-10 hours. The Boc-ptotected sitagliptin free base (12)
was preferably isolated by an aqueous wotk up procedute, preferably involving removal of
N,N-dimethylformamide at 50-55°C under reduced pressure followed by basification
preferably using sodium carbonate, and extraction of the product into an otganic solvent
such as ethyl acetate. The Boc-protected sitagliptin free base (12) was preferably isolated by
removal of the organic solvent under reduced pressute to obtain a white solid, which was

preferably triturated with a non-polat solvent such as hexane.

(8) Preparation of enantiomerically enriched sitagliptin free base (01)

Boc-protected sitagliptin free base (12) was preferably deprotected using acidic agents such
as hydrochloric acid or trifluoroacetic acid. The deptotection was preferably carried out at
0-65°C, more preferably at 25-45°C, preferably in an alcoholic reaction solvent, preferably
methanol, in the presence of hydrochloric acid. Sitagliptin free base (01) was preferably
isolated by an aqueous work up procedute, which typically involved distillation of the
reaction solvent under reduced pressure followed by basification using a base such as
sodium carbonate, extraction in an organic solvent such as ethyl acetate, washing and
removal of the organic layer. The crude product obtained may be further purified by acid
basc treatment by using orthophosphoric acid to obtain sitagliptin free base as an off-white
solid, which can be converted into a crystalline solid by tteatment with a solvent such as

toluene.
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The enantiomerically enriched sitagliptin free base (01) can be converted into any salt, such
as sitagliptin dihydrogen phosphate (02), by conventional methods known to the skilled

petson.

In an analogous manner, the enantiomer of sitagliptin, herein called (S)-sitagliptin, can be
prepared using (S)-(+)-mandelic acid as the acid resolving agent. A preferred method of
ptepating (5)-sitagliptin base and (S)-sitagliptin dihydrogen phosphate is using an analogous
method as  described  herein  starting  from  methyl  (3S)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate, obtained by using (S)-(+)-mandelic acid.

The pharmaceutical composition according to the seventh aspect of the present invention
can be a solution or a suspension, but is preferably a solid otal dosage form. Preferred oral
dosage forms in accordance with the invention include tablets, capsules and the like which,
optionally, may be coated if desired. Tablets can be prepared by conventional techniques,
including direct compression, wet granulation and dty granulation. Capsules are generally
formed from a gelatine material and can include a conventionally prepared granulate of

excipients in accordance with the invention.

The pharmaceutical composition according to the present invention typically comprises
one ot mote conventional pharmaceutically acceptable excipient(s) sclected from the group
comptising a filler, a binder, a disintegrant, a lubticant, and optionally further comprises at
least one excipient selected from colouting agents, adsotbents, surfactants, film formets

and plasticizers,

If the solid pharmaceutical formulation is in the form of coated tablets, the coating may be
prepared from at least one film-former such as hydtoxypropyl methyl cellulose,
hydtoxypropyl cellulose or methacrylate polymers which optionally may contain at least
one plasticizer such as polyethylene glycols, dibutyl sebacate, triethyl citrate, and other

phatmaceutical auxiliary substances conventional for film coatings, such as pigments and

fillets.
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Preferably the pharmaceutical compositions according to the present invention are in unit
dosage form comprising sitagliptin in an amount of from 1 mg to 500 mg, such that the

amount of sitagliptin administered is from 0.1 mg to 100 mg pet kg pet day.

The pharmaceutical compositions according to the seventh aspect of the present invention
ate for use in the treatment and prevention of diseases and conditions for which an
inhibitor of dipeptidyl peptidase-IV is effective. Prefetably, the use is in the treatment of
diabetes, hyperglycemia, insulin resistance, obesity, and high blood pressure. Mote

preferably, the use is in the treatment of diabetes type-2.

The sitagliptin or its salt can be used in combination with other active ingredients.
Examples of other active ingtedients that may be administered in combination with the
compound of the present invention and either administered sepatately or in the same
phatmaceutical composition, include but are not limited to othet dipeptidyl peptidase TV
(DP-1V) inhibitors; insulin sensitizers such as glitazones (such as troglitazone, pioglitazone,
englitazone and rosiglitazone); fenofibric acid detivatives (such as gemfibrozil, clofibrate,
fenofibrate and bezafibrate); biguanides (such as metformin and phenformin); sulfonylureas

(such as glipizide); or mixtures theteof.

The details of the invention, its objects and advantages are illustrated below in greater detail

by non-limiting examples.

Examples

Meldrum’s adduct (19)

2/4,5-Trifluorophenylacetic acid (500.0 gm, 2.63 mol) (18) was suspended in
tetrahydrofuran (5.26 vol, 2.63 Ltr) at 25-30°C and the reaction mixture was stirred for 10-
15 minutes. To this clear solution, 1,1’-catbonyldiimidazole (1.5 eq, 639.68 gm) was
charged in four lots and the reaction mixture was stitred for 2-3 hours at 25-30°C. After 2-
3 hours stirring, Meldrum’s acid (1.2 eq, 454.87 gm) was charged and the reaction mixture
was heated for 6 hours at 50-55°C. After 6 houts heating at 50-55°C, the tetrahydrofuran
was distilled out completely at 50-55°C under reduced pressute to give a dark yellow

coloured residue. The dark yellow residue was acidified by using a 1:1 mixture of 35%
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hydrochloric acid : water (0.5 vol, 250.0 ml) at 0-5°C. The product was extracted from the
aqueous solution by using dichloromethane (3 x 5.0 vol, 3 x 2.5 Ltt). The combined
dichloromethane layers were further washed with water (3 x 10.0 vol, 3 x 5.0 Tir). After
water washing, the dichloromethane was completely distilled under teduced pressute to
give a dark yellow fluffy solid. The product was further washed with mcthanol (2.0 vol, 1.0
Ltr) at 0-5°C.

Molat Yield: 60-65% (505.0 gm)

Chemical Putity: 98-99.5% (as measured by HPLC)

Mcthyl 4-(2,4,5-trifluorophenyl)acetoacetate (21)
Meldrum’s adduct (500.0 gm, 1.58 mol) (19) was charged in methanol (10.0 vol, 5.0 Ltt) at
25-30°C and the partially clear solution was refluxed at 60-63°C for 3-4 hours. After 3-4

hours refluxing, the methanol was completely distilled under reduced pressure at 45-50°C
to give a pale yellow coloured residuc. The pale yellow coloutred residue was further treated
with 5% sodium carbonate solution (10.0 vol, 5.0 Ltt) to adjust the pH to 7-8. After pH
adjustment, the product was extracted in dichloromethane (2 x 10.0 vol, 2 x 5.0 Ltt). The
combined dichloromethane layers were further washed with water (3 x 2.5 vol, 3 x 1.25
Ltr). The dichloromethane was distilled under teduced ptressute to give a pale yellow
coloured oily product.

Molar Yield: 85-90% (350.0 gm)

Chemical Putity: 93-95% (as measured by HPLC)

Methyl (7)-3-amino-4-(2.4,5-trifluorophenybut-2-enoate (28

The methyl 4-(2,4,5-trifluorophenyl)acetoacetate (350.0 gm, 1.42 mol) (21) and ammonium
acetate (6.0 eq, 657.0 gm) were charged in methanol (5.0 vol, 1.75 Ltt) and the solution was
refluxed for 5-6 hours at 60-63°C. After 5-6 hours refluxing, the methanol was distilled out
completely to give a pale yellow coloured residue. The pale yellow colouted tesidue was
further stirred with ethyl acetate (20.0 vol, 7.0 Ltr) at 25-30°C. The precipitated ammonium
acetate was filtered and the ethyl acetate was distilled out completely to give a pale yellow
product. The product was further stirred with hexane (10.0 vol, 3.5 Ltt) at 25-30°C for 1
hour, filtered and dried under reduced pressure at 45-50°C for 4-5 houts.

Molar Yield: 85-90% (325.0 gmm)

Chemical Putity: 96-97% (as measured by HPLC)
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Methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (29)

The methyl (Z)-3-amino-4-(2,4,5-trifluorophenyl)but-2-enoate (350.0 gm, 1.42 mol) (28)
was charged in methanol (10.0 vol, 3.5 Ltt) at 25-30°C and the teaction was stitred for 10-
15 minutes to give a clear solution. To the clear pale yellow solution, controlled addition of
sulphutic acid (70.0 ml, 0.2 vol) was done at 0 to -10°C and the clear solution was stirred
for 10-15 minutes at 0 to -10°C. After 10-15 minutes stitring at 0 to -10°C, sodium
cyanoborohydride (2.0 eq, 170.0 gm) was charged in 10 lots. The clear white suspension
was stirred at 0 to -10°C for 2 hours. The methanol was distilled completely at 45-50°C
under reduced pressure to give a pale yellow tesidue. The pale yellow residue was further
treated with a 1:1 mixture of 35% hydrochloric acid : water at 0-5°C to give pH 2. The
suspension was stirred at 0-5°C for 10-15 minutes and the suspension was furthet basified
by using 20% sodium carbonate to give pH 8-9. The product was extracted in cthyl acetate
(2 x 10.0 vol, 2 x 3.5 Ltt). The combined ethyl acetate layets wete washed with water (3 x
10.0 vol, 3 x 3.5 Ltr). The product was isolated by distillation of the ethyl acetate to give a
pale yellow coloured oil.

Molar Yield: 75-80% (268 gm)

Chemical Purity: 78-85% (as measured by HPLC)

Methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (]
The methyl (3RS)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (260 gm, 1.05 mol) (29) was

-(-)-mandelate (30

chatged in isopropanol (6.0 vol, 1.56 Ltr) at 25-30°C and the reaction mixture was stitred
for 15 minutes to give a clear solution. After 15 minutes stirting, controlled addition of a
solution of (R)-(-)-mandelic acid [2.0 eq, 320 gm in 6.0 vol, 1.56 Ltt of isoptopanol] was
cartied out. After completion of the addition, the reaction mixtute was stirred at 25-30°C
for 3 hours to give enantiomerically enriched crude methyl (3R)-3-amino-4-(2,4,5-
trifluorophenyl)butanoate (R)-(-)-mandelate as a white colouted product. The product was
filtered, washed with isopropanol (1.0 vol, 260 ml), and dtied in a vacuum oven at 40-45°C
for 4-5 hours to give enantiomerically enriched crude methyl (3R)-3-amino-4-(2,4,5-
ttiftuorophenyl)butanoate  (R)-(-)-mandelate (135 gm, molar yield: 64%). The dried
enantiomerically entiched crude methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate
(R)-(-)-mandclate product (135 gm) was charged in isopropanol (20.0 vol, 2.7 Ltt) at 25-
30°C and the white suspension was futther heated at 75-80°C for 0.5 hour to give a
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partially clear solution. The partially clear solution was made clear by the addition of water
(2.0 vol, 270.0 ml) at 75-80°C. The clear solution was futther stitred for 0.5 hour. After
stirting for 0.5 hour, the cleat solution was gtadually cooled to 0-5°C within 3 hours to give
enantiomerically enriched pure methyl (3R)-3-amino-4-(2,4,5-trifluotophenyl)butanoate
(R)-(-)-mandelate (30) as white coloured product. The product was filteted, washed with
isopropanol (1.0 vol, 135.0 ml), and dried in a vacuum oven at 40-45°C for 4-5 hours,
Molar Yield: 80-85% (113 grm)

Chemical Putity: 98-99.5% (as measured by HPLC)

Enantiomeric Purity: 99.25-99.75% (as measured by chiral HPL.C)

Methyl (3R)-3-amino-4-(2,4,5-trifluorophenylbutanoate (31)

The methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (R)-(-)-mandelate (30) (113.0
gm) was taken in water (10.0 vol, 1.13 Ltr) and the suspension was stirred for 10-15
minutes. The suspension was furthet basified by using a 10% Na,CO, solution (1.0 vol,
113.0 ml) until the pH of the reaction mixture teached 8-9. The product was extracted in
ethyl acetate (2 x 10.0 vol, 2 x 1.13 Ltr). The combined ethyl acetate layers were further

washed with water (2 x 10.0 vol, 2 x 1.13 Ltr). The product was isolated as a pale yellow oil

by complete distillation of the ethyl acetate under reduced pressure at 45-50°C.
Molat Yield: 90-95% (65.0 gm)

Chemical Purity: 99-99.5% (as measured by HPLC)

Enantiomeric Purity: 99.25-99.75% (as measured by chiral HPLC)

The methyl (3R)-3-amino-4-(2,4,5-trifluorophenyl)butanoate (76.0 gm) (31) was chatged in
tetrahydrofuran (5.0 vol, 380.0 ml) and water (5.0 vol, 380.0 ml) at 25-30°C. The cleat pale
yellow solution was further chilled at 0-5°C. To the clear pale yellow solution, lithium
hydroxide (3.0 eq, 38.73 gm) was charged at 0-5°C and the reaction mixture was stirred at
25-30°C for 9-10 hours. After stirring for 9-10 hours, di-tert-butyl pyrocatbonate (3.0 eq,
202.0 gm) was charged to the reaction mixture at 25-30°C. The white suspension was
stitted for 6 hours before the tetrahydrofuran was distilled out completely to give an off-
white residuc. The residue was further treated 10% NaHSO, solution (5.0 vol, 380 ml) to
give pH 2. The product was extracted in ethyl acetate (2 x 10.0 vol, 2 x 760 ml). The
combined ethyl acetate layers wete washed with watet (2 x 10.0 vol, 2 x 760 ml). The white
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colouted product was isolated by complete distillation of the ethyl acetate under reduced
pressure at 40-45°C. The white coloured product was futther triturated with hexane (10.0
vol, 760.0 ml), filtered and dtied in a vacuum oven at 45-50°C for 4-5 houts.

Molar Yield: 80-85% (100.0 gm)

Chemical Purity: 96-98% (as measured by HPLC)

methyl)-5,6,78-tetrahydro-1 2 4-triazolo[4,3-a|pyrazine (12)

To a solution of 3-trifluoromethyl-5,6,7,8-tetrahydro[1,2,4]triazolo[4,3-a]pyrazine
hydrochlotide (11) (1.0 eq, 28.0 gm), diisoptopylethylamine (2.0 eq, 31.0 gm), 1-
hydroxybenzotriazole (1.2 ¢q, 22.0 gm), and EDC-HCI (1.2 eq, 28.0 gm) in N,N-
dimethylformamide (4.0 vol, 160.0 ml), a solution of (3R)-3-[N-(tert-butoxycarbonyl)
amino|-4-(2,4,5-trifluorophenyl)butanocic acid (07) (400 gm, 0.12 mol) in N,N-
dimethylformamide (4.0 vol, 160.0 ml) was chatged at 0-5°C within 1 hour. The cleat pale

yellow solution was further stirred for 12 houts at 25-30°C. After stirring for 12 hours, the
N,N-dimethylformamidc was distilled out completely at 55-65°C under reduced pressure to
give a brown coloured residue. The brown colouted residue was further basified with 10%
N2,CO, solution (1.0 vol, 40.0 ml) and the product was extracted in ethyl acetate (3 x 10.0
vol, 3 x 400.0 ml). The combined ethyl acetate layers were washed with water, charcoalized
and filtered, and the ethyl acetate was distilled out completely to give a white coloured
product. The product was triturated with hexanc (10. 0 vol, 400.0 ml) and filtered at 25-
30°C. The crude Boc-protected sitagliptin free base (12) was furthet purified by crystallising
it from a mixture of isopropanol (20.0 vol) and watet (2.0 vol).

Molar Yield: 75-81% (56 gm)

Chemical Purity: 95-97% (as measured by HPLC)

Sitagliptin free base (01)

Boc-protected sitagliptin (22.0 gm, 0.043 mol) (12) was taken in methanol (10 vol, 220.0
ml). ‘The suspension was stitred for 15 minutes to give a partially clear solution. To the
pattially clear solution, 25% methanolic hydrochlotide solution (1.0 vol, 22.0 ml) was added
at 25-30°C. The reaction mixture was stirred for 10 hours at 25-30°C. After stitring for 10
hours at 25-30°C, the reaction mixtures was warmed up to 40-45°C for 2 houts. The

methanol was distilled out completely at 40-45°C under reduce pressure to give a white
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gummy tesidue. The gummy residue was basified by using 10% sodium catbonate (10.0
vol, 220.0 ml) and sitagliptin free base (01) was extracted in ethyl acetate (3 x 10.0 vol, 3 x
220.0 ml). The combined ethyl acetate layets wete washed with water (3 x 10 vol, 3 x 220.0
ml) and distilled out completely at 40-45°C under reduced pressute to give gummy brown
colouted oil. The oil was further purified by an acid base putification method using H,PO,
to give a free flowing off-white colouted solid. The off-white coloured solid was further
ctystallised from toluene (20.0 vol, 440.0 ml) to give pure sitagliptin free base (01).

Molar Yield: 80-85% (15.0 gm)

Chemical Purity: 97-99% (as measured by HPLC)

Fnantiomeric Purity: 99.85-100% (as measuted by chital HPLC)

Salts of sitagliptin free base (01) can be readily prepared using known methods disclosed in

the prior art which are included hetein by refetence.

It will be undetstood that the present invention has been described above by way of
example only. The examples are not intended to limit the scope of the invention. Vatious
modifications and embodiments can be made without departing from the scope and spirit

of the invention, which is defined by the following claims only.
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laims

1. A process for the prepanation of singlintin, or 2 pharoncenneally acceprable sale

thersot, comprising resolution of a geemic Fanune actd, or g decorative thereot, with an

e

acid resolving agent, wheren the Buunune aad dertvitive 1 an sster

2. The process accordmg vo cldm 1, weherem the Bamano acid dertvatve 15 an alkyd

i

atkenyl, albynsl and or ardalkyl eseer.

3 The process ancording to clamn 2, wherein the S-armuno anud derivative s 2 methyt

4, The process according to any one of the preveding clamms, wheren the Swmino

actd ® Jamino 24 5 tmthuorophenyliburanoe aod or 2 dervative thereot,

5. The provess according to any ene of the preceding clavns, wheremn the tesolving
apent 48 an enantiomer of mandelic acd, tutde aoid, camphos-10-sulphonie aad,
carnphor-3-salphonic acid, 3-brome-cumphoe-9-sulphomie acd, 2-keto-pulonic aad, o~
rethozvphenylacene actd, 2-nirvorarmanilie addd, malic aad, 2-phenoxyproptonic and, N-
acetyllencing,  N{omethytbenzylsuccinamic  add, MNe{omethylborey]) phthalamie  acid,
guintc acid, di-Ornopropylidene 2oxo-Legulonie acid, 2-hydroxy-basopropenyl Lmethyl
or a derivative theteod,

sanes1sulphenic actd

&3

&, The process according to chim 5, wherein the resclving agent is (R)-(-mundelic

acid o (S -mandele sotd.

N

Xy

s The process according to any one of the preceding chims, comprising the steps of

el freating @ racemic Saming acid, or a derivative thereof, with an acid resolving
: . U oanet: S TSR s W IR SO SRS TR AR, SOCEBRUG| SRR ORI, POrSUEUUr RISPRORPE SO0 REIE GOuR s SR e e coyiey Fhas
agent, preferably (RK-G-mandelic acud, or ¢ dertvane thereof] to obtun an enantiomerically
enriched salt

) optiorally crvstallising the enantomencally enniched salt; and

el dissalving or suypendmg the snastiomesclly ennched sabt obramed i step () or

b man organie solvent or water or 2 nuxture thersot, and adiusting the pH of the solunon



28 Apr 2016

2010247193

ot suspension with a base to obtam an enanpomencally ennched B-aming acd or destvative

thersof,
5. The process secording toochnm 7 wheretn the base yeed 100 step {9 1 an organic

Liase selected from methvhbonime, denethvkonine, smmethylamine, ethvlunne, diethybonne,

toiethylammme, NoN-dusoprapylethelamine, coclobesylamiag, or a mivtore thereol,

9. The process according to daim 7, wherein the base used 1 step {€) 15 an morgame

base selecred from ammonia, 1 metal hydroxide, 2 mefal carbonate, or @ muxture thereoh

o The process according to any one of clalms 7 w0 9 whareln step () 1s carnied out in
an organic sobveat, sptienally in the presence of water, and wherein the organie selvent
ant aeoholy a ketome, an ether, an alkang, 2 ordloalkane, a Formanuds, aa acetare, &

halogenmated solvent of o misture thereod.

11, The process aceording o clam 18 wheren the sulvent used instep &) is o mistare

Ysvater

coraprising an aleohol and at feast 8.1 w 200

12 'The process according © any one of the preceding clatms, wherin the salt of

sttagiipting g the dibydrogen phinapbate salt

13, A process for the preparation of sitaglipting or a pharmaceutically ac cepptadie sale

thereot, wheran the pr

sy wvndves msthel (Z3-3-anunn-d-(2,4 5 tnthsorophenelibue-2-

eaoate and whersn the salt of staghpuo ts the dibydeogen phosphate salt.
Mo A process tor the prepasition of siaghpon, or a pharmaceutcally acceptable salt
thereot,  wherdn the  process mvolves methyl ARN-3aming-4-(24.5

triflucrophenylibutanonte or methyl 3R} 3amine-4-2.4.5 sithuorophenylibutancate,

15 “the process acvording o chim 4, wherein the salt of sitagliptin s the dihvdrogen

phosphate salt,

H 2485480
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16, A process for the preparatin of sttagliptin, or 4 pharmaceutically acceptaise salt
thersof, said process belng substantially as herelnbefors descrbed with reterense o the

examples,

17 Sirapliphin or @ phammaceuticalle acceptible salt theecof, as prepieed by a process

according o any one of the preceding clams,

IR A pharmaceancal composiion compnsing sitaghipin or a pharmaceuteally

acceptable sadt thereot according to cham 17,

19, Use of singliptin or o pharmaceudeally acceprable salt thersad acconding o claum
Vi, cryse of the pharmaceuticdd composttion arcording to cham 18, i the manufacture ot
& medicament for the weatmont o prevention of a discase or conditdon For which an

inhibitor of dipeptidyl pepudagse IV ig effective,

200 A method of seating or prevenung a dsease or condinen for which an inhibaror of
dipeptidyl peptdase-TV is effective, the method comprising adninistenng 1o 4 patient in
need thereot a thecapoutically or prophylactically effective amount of swaghptin or 2

phuammaceutically scceptable salt thereot aceordmg clamn 17, or g therapeutally or
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