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"PROCESS FOR THE PREPARATION OF DIPEPTIDYLPEPTIDASE INHIBITORS'

PRIORITY

This application claims the benefit under 35 U.S.C.8119 to Indian Provisional Application No.

2410/MUM/2012, filed on Aug 17, 2012, 3461/MUM/2012 filed on Dec -7, 2012, United States

Provisional Application No. 61710548, filed on October 5 2012, the contents of which are incorporated

by reference herein.

FIELD OF THE INVENTION
The present invention relates to a novel process for preparation of dipeptidylpeptidase inhibitors.
More specifically the present invention relates to novel compounds of 3-aminopiperidine derivatives and

their use as possible intermediates in the preparation of dipeptidylpeptidase inhibitors, like linagliptin and

alogliptin.
BACKGROUND OF THE INVENTION

Inhibitors of dipeptidylpeptidase 1V, also DPP-IV inhibitors or gliptins, are a class of oral’
hypoglycemics that block DPP-1V. They can be used to treat diabetes-mellitus type 2.

Linagliptin, which is chemically known as 8-[3(R)-Aminopiperidin-l-yl]-7-(2-butynyl)-3-rnethyl-I-(4-

methylquinazolin-2-ylmethyl)xanthine, is represented by compound of Formula 1.

., —CH,
0 //////
N . :
X N :
| \1/\N/[ji >~N /NH2
N /7
AP P
CH, C|H3 ’
"TRADJENTA® is Boheringer's (R)-linagliptin 5 mg once daily_tablet-indicated-for-type 2

diabetes mellitus as an adjunct to diet and exercise.

Alogliptin chemically known as 2-[6-[3(R)-Aminopiperidi n-I-yI]-3-methyl-2,4fdioxo-l, 2,34-
tetrahydropyrimidin-l-ylmethyl]benzonitrile is represented by the structural formula, shown below
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Alogliptin is adipeptidylpeptidase 1V (DPP4) inhibitor approved in Japan for monotherapy and in »
combination with an apha-glucosidase inhibitor for the once-daily, oral treatment of type 2 diabetes.

United States Pat. No. 7407955 (US Pat. ‘955) discloses linagliptin and process for preparing it.
5  USPat/955 discloses process for prepar ng linagliptin by deprotecting N-BOC protected linagliptin.

Vs BOC

C;/ )E[)/O

Presently, we have developed a novel process for the preparation of linagliptin which involves

deprotecting a compound of Formula I1.

] /////,CH3
| @x\j\/ﬁj:h{%UNRst
CHy &hy ‘

10 | Formula Il

N

~wherein R and R, together with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted With one or more Ry substituents
selected from the group consisting of halogen, alkyl, nitro and amino; or R, isH and r: is selected from |
the group consisting of trialkylsilyl, 2-trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, 9-

15  fluorenylmethoxycarbonyl, trityl,  alkylsulfonyl, arylsulfonyl, diphenylphosphine and
sulfony | ethoxycarbony 1

- The process of the present invention is novel, commercially advantageous and industrialy
feasible and leads to the formation of linagliptin in higher yields and purity as compared to the known

Process.

20
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SUMMARY OF THE INVENTION

The present invention provi d‘es a process for the preparation of linagliptin, a compound of

Formula 1,

i

Formula |

the ‘proceﬁs comprising deprotecting a compound of Formula I

Sresctes

Formula 11

wherein R, and R, together with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic.ri‘ng of the phthalimido group is substituted with one or more R, substituents
selected from the group consisting of halogen, alkyl, nitro and ami no; or R, isHand R, is selected from
the group consisting of trialkylsilyl, 2—tri'alkylsiIerthdxycarbamaIes, acetyl, trihaloacetyl, 9-
fluorenylmethoxycarbonyl, trityl, akylsulfonyl,  arylsulfonyl, - diphenylphosphine and
sulfonylethoxycarbonyl. ‘ '

The present invention provides acompound of Formula |1

Formula 11

wherein Ri and R, are as defined above.

The present invention provides acompound of Formula IV
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Formula IV

wherein R; and R;t_ogether with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted with one or more R; substituents
selected from the group consisting of halogen, alkyl, nitro and amino; or R; isH and R, is selected from
the group consisting of trialkylsilyl, 2-trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, O-
fluorenylmethoxycarbonyl, trityl, | akylsulfonyl, arylsulfonyl, diphenylphosphine and
su]fonyl ethoxycarbony|. | |

The present invention provides a process for the preparation of.acompound of Formula IVA

o
AN =N N
U@Rs
o

Formula VA

wherein the aromatic ring of the phthalimido group is_substit'uted with one or more R; substituents
selected from ther group consisting of halogen, aIkyl, nitro and amino; the process comprising reacting R-
(3)-aminopiperidine with substituted phthalic anhydride wherein fhe aromatic. ring of the phthalic
anhydride is substituted with one or mbre R; substituents selected from the group consisting of halogen,
akyl, nitro and amino. ‘ ' |

The present invention prdvid% Linagliptin dibenzoyl-D-tartaric acid salt.

The present invention provides use of Linagliptin dibenzoyl-D-tartaric acid for the preparation of
linagliptin.
BRIEF DESCRIPTION OF THE FIGURES:

Fig. 1: is an X-ray powder diffraction pattern of compound of Linagliptin' dibenzoyl-D-tartaric
acid salt.

Fig. 2: is Differential scanning calorimetry endotherm of Linagliptin dibenzoyl-D-tartaric acid
slt, |
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Fig.3: is Thermogravimetric analysis curve of Linagliptin dibehzoyl-D-tartaric acid salt.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides aprocéss for preparation of linagliptin, acompound of Formula 1,
CHsz

0 //////

\ :

\\sANJIN NH,

l [ N ,

A LIy

CHy (l3H3

Formula |

comprising deprotecti ng a compound of Formula ll

] r////_c:H3
S N ~N 1Rz
o) ﬁTIN/%U““ |

Formula Il

wherein R, and R, together with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted with one or more r; substituents
selected from ihe group consisting of halogen, alkyl, nitro and amino; or Ri isH and R, is selected from
the group consisting of trialkylsilyl, 2-trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, 9-
fluorenyl methoxycarbohyl , trityl, a kylsulfonyl, arylsul fbnyl , diphenylphosphine and
sulfonyl efhoxycarbonyl .

The term” '-'Hélogen" as used herein means iodine, bromine, chlorine and fluorine. The term

~ "alkyl" as used herein includes a straight or branched chain hydrocarbon containi ng from 1to 6 carbon

atoms. Representative examples of alkyl include, but are not limited to methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, teft-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl. The term "triaIkyI‘sinI" as used
herein includes trimethylsilyl, triethylsilyl and the like. The term "trihaloacetyl” as used herein includes

‘trichloroacetyl, tribromoacetyl, trifluoroacetyl and the like. The term "alkylsulfonyl" as used herein

vinclud&e methanesulfonyl, ethanesulfonyl and the like. The term "arylsulfonyl” as used herein includes

benzenesulfonyl and tosyl and the like.
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The aromatic ring of the phthalimido group is substituted with one, two, or more ¥ substituents.
The R;substituents may be present in any position of the aromatic ring. Preferably the Ry substituent is an

alkyl group present at position 4 of the aromatic ring.

In one embodiment, the present invention provides a process for the preparation of linagliptin,
compound of Formula I, the process comprising deprotecting a compound of Formula 11 wherein the
linagliptin is obtained in ayield of atleast 85%.

In one embodiment, the present invention provides a process for the preparation of Iinagliptih,
compound of Formula I, the process comprising deprotecting a compound of Formula Il wherein the
linagliptin is obtained in ayield of atleast 85% and/or a chemical purity of atleast 95% as determined by
HPLC.

In one embodiment, the present invention provides a process for the preparation of linagliptin,
compouhd of Formula 1, the process comprising deprotecting a compound of Formula HA, wherein the
aromatic ring of the phthalimido group is substituted with one or more Rs substituents selected from the

group consisting of halogen, alkyl, nitro, amino.

CH, o
0 K///, o] '
N X .
( Y\N)i UN N\
= O)\N ‘ N/>/ . 0/ '/>R3
" CHj v (I:H3 :
FormuIaIiA '

The deprotection of compound of Formula Il A may be carried out by using reagents selected

from the group consisting of hydrazine, hydrazine hydrate and amines.

The.a-\r.ﬁi nes for. deprotection may be selected from primary amine, secondary amine and tertiary

amine which may be unsubstituted or substituted by small functional groups like hydroxy, nitro, halo.

Preferably primary amines like methylamine, ethyl amine, ethanolamine are used for deprotection. |
The deprotection reaction may be carried out in a solvent selected from the group consisting of

alcohals, nitriles, hydrocarbons, halogenated hydrocarbons, ether and water or mixtures thereof.

The alcohol may be sélected from the group consisting of methanol, ethanol, propanal, iéopropanol,

butanol, 2-butanol, isobutanol, pentanol and the like-or mixtures thereof. ' ‘ ‘

The nitriles may be selected from the group consisting of acetonitrile, propionitrile and the like.
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The hydrocarbon may be selected from the group consisting of hexane, heptane, toluene, benzéne and the
like. The halogenated hydrocarbon may be sdeded from the group consisting ofb methylene dichloride, |
ethylene dichloride and the like. The ethers may be selected from the group'conéisting of dioxane, di ethyl
ether, tetrahydrofuran, tetrahydropyran and the like.

In one embodiment, the present invénti on pfdvi des aprocess for the preparation of linagliptin,
compound of Formula I, the process comprising deprotecti hg acompound of Formula I1A, wherein r 3 is
akyl.

In-one embodiment, the present invention provides a process for the preparation of linagliptin,

compound of Formula I, the process comprising deprotecting a compound of Formula [1Al.

CH,

Q ////// 0

N

A N

' Y\NJI UN

N OJ\NI N/>/ Py
| o CH

CH3 CH3 . 3
Formula 1Al

In one embodiment, the . present invention provides a process for the preparation of Iinagliptih,;ﬁ
compound of Formula I, the process comprising deprotecting a'compound of Formula IlIAl with

ethanolamine without using additional solvent.

~ In one embodiment, the present invention provides a process for the preparation of linagliptin,
compound of Formula I, the process comprising deprotectirig a compound of Formula IIAl with

ethanolamine in a hydrocarbon solvent.

In one embodiment, the present invention provides a process for the preparation of linagliptin,
compound of Formula I, the process comprising _depp tecting a..compound of Formula Al with

hydr_azi ne hydrate in an alcoholic solvent.

In one embodiment, the present invention provides a process for deprotecting a compound of
Formula 11, wherein R; is H and R, is trialkylsilyl or trialkylsilylethoxycarbamates, the process
comprising using quaternary ammonium compounds such as ‘tetrabutylammonium fluoride in the

presence of solvents such as dimethylformamide, tetrahydrofuran and the like in mildly basic conditions.

In one embodiment, the present invention provides a process for deprotecting a compound of
Formula II, wherein R, is H and Ry is acetyl, trihaloacetyl, alkylsulfonyl, arylsulfonyl, di phenylphosphine,

the process comprising using an acid or a base.
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The acids used for deprotection may be selected from minera acids like hydrochloric acid,
sulfuric acid, nitric acid or organic acids such as acetic acid, methanesulfonic acid, trifluoroacetic acid, p-

toluene sulfonib acid and the Iike.b

“ The base used for deprotection may be selected from inorganic base or organi‘c base. The
inorganic base may be selected from the group consisting of alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide, barium hydroxide and lithium hydroxide and the like; metal carbonates
such as sodium carbonate, potassium carbonate, magnesium carbonate, and calcium carbonate and the
like; metal bicarbonates such as sodium bicarbonate, and potassium bicarbonate; metal hydrides such as
lithium hydride, sodium hydride, and potassum hydride and the like; borohydrides such as sodium
borohydrirde, potassium borohydride; and bases such as lithium aluminium hydride and ammonia. The
organic base may be sdlected from»thé group consisting of organic amines such as triethylamine,
diisopropylethylamine, N N-dimethylaniline, pyridine, 4-dimethylaminopyridi ne, tri-n-butylamine, N-
methylmorpholine, piperidine and the like; alkali metal alkoxides such as sodium methoxide, sodium
éthoxide, sodium-tert-butoxide, potassium methoxide, potassium ethoxide, potaséium-t;art-butoxide

lithium methoxide, lithium ethoxide, lithium-tert-butoxide and the like.

In one embodiment, the present invention provides a process for deprotecting a compdund of -
Formula Il wherein.ry is-H and r,, is P-fluorenylmethoxycar"bonyl, the process comprising using organic

amines such as piperidine, morpholine, piperazine and the like.

In one embodiment, the present invention provides a process for deprotecting a compound of
Formula |l wherein Ri isH and Rz. is trityl, the process comprising using mild acids such as trifluoroacetic
acid, trichloroacetic acid or by using 1-hydroxy-I-H benzotriazole. The reaction may be carried out in

solvent selected from halogenated hydrocarbon or trifluoroethanol.

In oneb__embodiment, the present invention provides a process for deprotecting a compound of
Formula Il wherein R, is H and R2 is sulfonylethoxycarbonyl, the process comprising using inorganic

bases as described. above.

In one embodiment, the present invention provides a compound of Formula 11

o . //////C*fs .
CHs ‘ .

CH, :
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~ Formula 1l

wherein Ri and R, togethér with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted with one or more r; substituents
selected from the group consisting of halogen, alkyl, nitro and amino; or r;.isH and R, is selected from
the group consisting  of .trialkylsilyl, 2-trialkylsilylethoxycarbamates,  acetyl, trihaloacetyl, 9-
fluorenylmethoxycarbonyl, trityl, alkylsulfonyl, arylsulfonyl, diphenylphosphine and
sulfonylethoxycarbonyl. ; |

In one embodiment, the present invention provides a compound of Formula IIA, wherein the

' arométtic ring of the phthalimido group is substituted with one or more R, substituents selected from the

group consisting of halogen, alkyl, nitro, amino.

» CH,
N\ N .
SO ORG
o AT )

< CHy c':H3 )
FormuIaIIA

In one embodiment, the present invention provides a compound of Formula IIA, wherein R, IS
akyl.
|
-The alkyl group may be selected from the group consisting of methyl, ethyl, n-propyl, isobrbpyl,
n-butyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl and the like and may be present at

one or mote positions of the aromatic ring. Preferably the alkyl group is methyl and it is present in the 4"

position of the aromatic ring,

CHy .
[o] ////// o]

N\ N ‘
ooneetes
:O:f“»o)\,q" e )

CHy v (|3H3 0' CHs )

Formula 11A 1

In one embodiment, the present invention provides a compound of Formula 11, wherein Ri is H

and R2is acetyl, represented below.
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. CHy
: 0 ///f
N.
' N
| ﬁ/\n/li >__N NHAG
/)
NP N
) CH; CI:H3

In one embodiment, the present invention provides a compound of Formula Il, wherein R, isH

Cand R, ‘istrihaloacetyl, preferably trifluoroacetyl, represented below.

| . //////CH3
CE;N/\)N:‘E:)_UNHCOCQ
CH3 ° ZH:, . .

5
In one embodiment, the present invention provides a process, for the preparation of a compound
of Formula 1 ' _ ;
CHg .
0 //////
N : .
AN N
l Y\N)ﬁ: \ NR{R,
(I'/N o )\N N/>—
’ CH, (l:Hs ' ‘
10 : Formula 11

the process comprising reacti hg acompound of Formula 111, wherein X is a halogen, with a compound of

FormulalV;
H

c
o . J 3
CH, &, N
| Formula III | Formula IV
15 wherein R, and R, together with the nitrogen to which they are attached form a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted with one or more r 3 substituents
selected from the group consisting of halogen, -alkyl, nitro and amino; or R; isH and R, is selected from
the group consisting of trialkylsilyl, 2-trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, 9- |
fluorenylmethoxycarbony!, trityl, alkylsulfonyl, arylsulfonyl, diphenylphosphine and
20  sulfonylethoxycarbonyl. '

10
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The reaction of compound of Formula Il with compound of Formula IV may be carried out in
the presence of a base. The base may be selected from an organic base and an inorganic base. The
inorganic base may be selected from the group consisting of akali metal hydroxides such as sodium
hydroxide, potassium hydroxide, barium hydroxide and lithi um hydroxide and the like; metal carbonates
such as sodium carbonate, potassium carbonate, magnesium carbonate, 'and calcium carbonate and the
like; metal bicarbonates such as sodium bicarbonate, and potassium bicarbonate; metal hydrides such as

lithium hydride, sodium hydride, and potassum hydride and the like; borohydrides such as sodium

. borohydride, potassium borohydride; and bases such as lithium aluminium hydride and ammonia. The

organic base may be selected from the group consisting of organic amines such as triethylamine,
diisopropylethylamine, N,N-di_methylaniline,‘ pyridine, 4-dtmethylaminopyridine, tri-n-butylamine, N-
methylmorpholine, piperidine and the tike; alkali metal alkoxides such as sodium methoxide, sodium
ethoxide, sodium-tert-butoxide™ potassium methoxide, potassium ethoxide, potassium-tert-butoxide

lithium methoxide, lithium ethoxide, lithium-tert-butoxide and the like.

The reaction of compound of Formula 111 with compound of Formula IV may be carried out in
the presence of a solvent selected from the group consisting of acohols, glycols, ethers, ketones,
dimethylformamide, dimethylsulfoxide, sulfolane, N-methylpyrrolidone and the like. '

The aIcohoI_ may be selected from the group consisting of methanal, kethanol, propanal,
isopropanol, butanol, 2-butanol, isobutanol, pentanol and the like or mixtures thereof. The glycols may be
selected from ethylene glycol, propylene glycol and the like. The ethers may be selected from the group
consisting of dioxane, diethyl ether, tetrahydrofuran, tetrahydropyran, ethylenene glyéol
monomethylether, ethylene glycol diethylether and the like. ‘

The reaction of compound of Formula Il with compound of Formula IV may be carried out at

room temperature or reflux temperature of the solvent used.

In one"embodiment, the present invention provi des a process for the preparation of a compound
of Formula I1A, wherein the aromatic ring of the phthalimido group is-substituted with -one or more Ry

substituents selected from the group consisting of halogen, alkyl, nitro, amino, the

CH, :
: - /////, 0 ‘
N\‘ N
| STy UN N\
©/Y’” AT A S
CHy éHs ' .
Formula I1A

11
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process comprising reacting a compound of Formula 111, wherein X is a halogen, with acompound of
Formula IV A, wherein the aromatic ring of the phthalimido group is substituted with one or more

substituents selected from the group consisting of halogen, alkyl, nitro and amino.

) //////CH3 |
| YJED— , o
: C]:S o)\zHa N/ _ | HUZ{—“@RJ

5 Formula 111 . Formula IVA

In one embodiment, the present invention provides a process for the preparation of a compound
of Formula IlA, wherein R5is akyl, the process compfising reacting a compound of Formula Ill, wherein

X is halogen with acompound of Formula IVA, wherein R; is alkyl.

In one preferred embodiment, the present invention provides a process for the preparation of a

ﬁI% ”/

© T CH,

10  compound of Formula llA 1, the

Formula [1Al

process comprising reacting a compound of Formula I11, wherein X is halogen with a compound of

FormulaIVA 1
/)
(0]

FormulalvA1l

15

Preferably, X is bromine in the.compound of Formula 11l and the reaction is carried out in the

presence of dimethyl formamide and an inorganic base such as potassium carbonate.

12
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In one preferred embodiment, the present invention provides abprocess for the preparation of a
compound of Formula I1Al, the process comprising reacting a compound of Formula Ill, wherein X is

halogen with a compound of Formula IVAI in N-methylpyrrolidone and diisopropylethylamine. '

The compound of formula 1Al may be purified in a solvent selected from alcohols or

halogenated hydrocarbons or mixtures thereof.
In one embodiment the compound of formula [IAl may be purified from methanol.

In one embodiment the compound of formula IIAl may be purified from methanol and methylene
dichloride. ‘

The present invention provides acompound of Formula fV;

Formula IV
wherein R; and R, together with the nitrogen to which they are attached férm a phthalimido group,
wherein the aromatic ring of the phthalimido group is substituted with one or more R; substituents
selected from the group consisting of halogen, alkyl, nitro and amino; or R; isH and R, is selected from
the group consisting of trialkylsilyl, 2-triakylsilylethoxycarbamates, acetyl, tri'haloacetyl, 9-
fluorenylmethoxycarbonyl, trityl, alkylsulfonyl, .arylsulfonyl, diphenylphosphine and
sulfonyl ethoxycarbonyl . | ’

The present invention provides acompound of Formula IVA;

HN

Formula IVA
wherein the aromatic ring of the phthalimido group is substituted with one or more R, substituents

selected from the group consisting of halogen, alkyl, nitro and amino.
The present invention provides acompound of Formula TVA, wherei n Rsis alkyl.

Specifically the present invention provides a compound of Formula TVAI

13-
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. 0 '
HUN
» / : .
© CH,
Formula IVA1

The present invention provides a process for the preparation of a compound of Formula IV

5 Formula 1v

wherein rR; and R, together with the nitrogen to which they are attached form a phthalimido. group,

- wherein the aromatic ring of the phthaimido group is substituted with one or more Rj3 substituents
selected from the group consisting of halogen, alky], nitro and amino; or R, isH and Rz is selected from

' the group consisting of triakylsilyl, 2-trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, 9-

10  fluorenyl methoxycarbonyl, Cotrityl, alkylsulfonyl, arylsulfonyl, ' diphenylphosphine and
| sulfonylethoxycarbonyl; the process compfisi ng resolving a racemic compouhd of Formula V, wherein Rr,

and Rz are same as above, with an optically active acid.

/R1

: N
SR
R2
N
Formula V

15 The present invention provides aprocess for the preparation of acompound of Formula IVA;
R -

/ Ry

0

Formula IVA
wherein the aromatic ring of the phthalimido group is substituted with one or more r3 substituents
selected from the group consisting of halogen, akyl, nitro and amino; the process comprising resolving a

20 racemic compound of Formula VA,
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O .
O
, N _=TRs
‘ (0]

Formula VA
with an optically active acid.

The present invention provides a process for the preparation of compound of Formula IV A

wherein Ry is alkyl; the process comprising resolving aracemic compound of Formula VA, wherein Ry is
alkyl, with an optically active acid.

In one embodiment, the present invention provides a process for the preparation of a compound

of Formula FVAI,
(o]
HUN
/
0 CH,

FormulaIVA1

the process comprising resolving aracemic compound of Formula VA1, with an optically active acid .

. o)
HUN
J .
CH,

Formula VA1

... The optically .active acid for resolution may be-selecfed from the group consisting of S-(+)
mandelic acid, R-(-) mandelic acid, L-(+)tartaric acid, D-(-)tartaric acid, L-malic acid, D-malic acid, D-
maleic acid, (-)-naproxen, (+)-naproxen,(+)-ibuprofen, (-) ibuprofen, (IR)-(-)-camphor sulfonic acid, (1S)-
(+)-camphor sulfonic acid, (IR)-(+)-bromocamphor-10-sulfonic acid, (1S)-(- )—bromocamphor—lo—sulfonic
acid, (;)—DibenzoyI—L—tartaric acid, (-)-Dibenzoyl-L- tartaric acid monohydrate, (+)-Dibenzoyl-D - tartaric
acid monohydrate, (+)-dipara-tolyl-D-tartaric acid, (-)-dipara-tolyl-L- tartaric acid, L(-)-pyiOglutamic
acid, L(+)-pyiOglutamic acid, (-)-lactic acid, L—Iysine.and D-lysine and the like. Preferably the optically

active acid is selected from L-(Htartaric acid, D-(-)tartaric acid, (-)-Dibenzoyl-L-tartaric acid, (-)-

~ Dibenzoyl-L- tartaric acid, (+)-dipara-tolyl-D-tartaric acid, (-)-dipara-tolyl-L- tartaric acid.

15
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In one embodiment, the present invention provides a process for the preparation of a compound
of FormulaTVA1,

°© CH,

Formula IVAI
5 the process comprising

(a) treating aracemic compound of Formula VA1, with an optically active acid td form a mixture of
_ diasteromeric salts; _
(b) separating the desired diasteromeric salt, a compound of Formula VI, from the mixture of

[

diasteromeric- salts; and
0aA. O
O3
I\
10 ' . CHs

Formula V|

(c) treating the compound of Formula V | with a base to obtain a compound of Formula r VAI.
The texiri “OAA™ in the compound of Formula V1 is used to denote an optically active acid.

The opticaly active acid may be selected from the acids discussed supra. Preferably the opticaly -
15  active acid is selected from L-(+)tartarie acid, D-(-)tartaric acid, (-)-Dibenzoyl-L-tartaric acid, (-)-

- Dibenzoyl-L- tartaric acid, (+)-dipara-tolyl-D-tartaric acid, (-)-dipara-tolyl-L- tartaric acid.

The diastereomeric mixture of salts obtained by the reaction of aracemic compound. of ‘Formula VA1
with the optically active acid may be separated based on differential solubility in solvents and the
compound of Formula FVAI may be obtained by treating the separated diasteromeric salt of compound of

20 Formula V| with a base.

The bases used may be selected from the group consisting of ammonia, hydroxides such as
sodium hydroxide, potassium hydroxide, carbonates such as sodium carbonate, potassium carbonate,
lithium carbonate, akoxides such as potéssium methoxide, sodium methoxide, tert-butoxide, and

bicarbonates such as sodium bicarbonate, potassium bicarbonate.
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The undesired enantiomer 'may be optionally racemized and again converted to the desired
enantiomer. ’

In one embodi ment, the present invention provides a process for the preparation of acompound of
Formula IV, wherein Ri is H and R, is selected from the group consisting of trialkylsilyl, 2-
trialkylsilylethoxycarbamates, acetyl, trihaloacetyl, 9-fluorenylmethoxycarbonyl, trityl, akylsulfonyl,
arylsulfonyl, diphenylphosphine and sulfonylethoxycarbonyl, '

Formula IV

the process comprising reacting R-(3)-aminopiperidine with trialkylsilylamine, 2-trialkylsilylethoxy
carbamate, trihaloacetamide, 9-f|uoreny|methoxycarbonyl derivative, trityl derivative, akylsulfonamide,

arylsulfonamide, dipheny! phosphiné derivative and sulfonylethoxycarbonyl derivative respectively.

In one embodiment, the present invention provides a process for the preparation of compound of
Formula 1IVA ' '

HUN /i N
I N_=TRs
i o}

| Formula IVA

wherein the aromatic ring of the phthalimido group is substituted‘ with one or more r 3 substituents
selected from the group consisting of halogen, alkyl, nitro and amino; the process comprising reacting R-
(3)-aminopiperidine with substituted phthalic anhydride wherein the aromatic ring of the phthalic
anhydride is substituted with one or more r 3 substituents selected from the group consisting of halogen,

akyl, nitro and amino.

In one embodiment, the present invention provides a process for the preparation of compound of

FormulalVA1, the prdcess comprising reacting R-(3)-aminopiperidine with 4-methylphthalic anhydride. -
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. . B
HUN ’ :
VA
CH,

FormulaIVA1l

In another aspect, the present invention provides a process for the preparation of compound of

Formula I1A 1
CHs ' _
S A
. _N .
NNy N N .
SOy
o] N N . / .
. | O» ] CH3
CHa CHy ‘ :

5
Formula 1l Al
the process comprising reacting a compound of Formula 111, wherein X is halogen with acompound of
Formula V| '
‘ ‘ CH,
' o /J// _ : oAA. O
N
M N _
I \r(q/\’\liuﬂi />—__X HN N
W I\ O/
: CHs C,2H3 : CH,
10 Formula 111 : » Formula VI

The reaction of a compound of Formula I11 with acompound of Formula VI may be carried out in
the presence of abase. The base may be selected from an organic base and an inorganic base.-
The reaction of compound of Formula I1I with compound of Formula VI may be carried out in the
pf&ence of .a‘ solvent selected from the group consisting of alcohols, glycols, ethers, ketones, '

15  dimethylformamide, dimethylsulfoxide, sulfolane, N-methylpyrrolidone and the like.

The present invention provides the preparation of the starting compound of Formula V, the
process comprising reacting 3-aminopiperidine with substituted phthalic anhydride, trimethylsilylamine,
2-trimethylsilylethoxy carbamate, trihal oacetamide, 9—f|uoreny|methoxycarbony| .derivative, trityl

20  derivative, akylsulfonamide, arylsulfonamide, diphenylphosphine derivative and sulfonylethoxycarbonyl
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derivative. The present invention provides the preparation of the compound of Formula VAI, the process
comprising reacting 3-aminopiperidine with akyl sinstituted phthalic anhydride spécifically the
compound of Formula VA2 may be prepared by reacting 3-aminopiperidine with 4-methyl phthalic
anhydride.

In one embodiment, the present invention provides linagliptin dibenzoyl-D-tartaric ac_idbsalt.

In one embodiment, the present invention provides crystalline linagliptin dibenzoyl-D-tartaric acid
st | |
~ Inone vembodi‘ment, the present invention provides crystalline linagliptin dibenzoyl-D-tartaric acid
salt characterized by XRD pattern as depicted in Figure 1.

In one embodiment, the present invention provides crystalline linagliptin dibenzoyl-D-tartaric acid
salt characterized by XRD pattern having peak reflections a about 6.35, 7.52, 14.05+0.2 degrees 2 theta.
In one embodiment, the present invention provides linagliptin ditoluoyl-D-tartaric acid salt.

In one embodiment, the present invention provides use of Linagliptin dibenzoyl-D-tartaric acid for

the preparation of Iinagliptin' :

In one embodiment, the present invention.provides use of Linagliptin di benzoyl—D—tartaric acid- for
the preparation of linagliptin with a chiral purity of atleast 99.95% as determined by HPLC.

In one embodiment, the present invention provides a process for preparing pure linagliptin

comprising

a. converting the linagliptin into linagliptin di benzoyI—D—t‘artaric acid salt;

b. treating the linagliptin dibenzoyl_-D-tartaric acid salt with .jasuitable base to form
. linagliptin; and

c. isolating the pure linagliptin.

The reaction of linagliptin with dibenzoyl-D-tartaric acid to form linagliptin di benzoyl—‘D—tartaric

* acid salt may be carried out in alcoholic solvents such as methanol. If required the linagliptin dibenzoyl-

‘ D—tartéric acid salt may be purified using isopropanol.

In. one embodiment the linagliptin dibenzoyl-D-tartaric acid salt is converted to linagliptin by

‘treatment with an organic or inorganic base such as sodium hydroxide, potassum hydroxide and the like.
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’ In one embodiment the preéent invention provides linagliptin having chemical purity greater than
99.6% as determined by High performance liquid chromatography (HPLC).In one embodiment the
present invention provides linagliptin having compound of formula IIAl less than 0.15% as determined
by HPLC. In one embodiment the present invention provides linagliptin having compound of formula I11
less than 0.15% as determined by HPLC. In one embodiment’ the presént invention provides linagliptin

having compound of formula fVAI lessthan 0.15% as determined by HPLC.

In one embodiment the present invention provides linagliptin having impurity X observed in
HPLC at relative retention time of 2.29 and having mass m/z value of 716 as characterized by mass
spectrometry in less than 0.15% as determined by HPLC. Preferably less than 0.05%.1n one embodiment

the present invention provides linagliptin substantially free of impurity X.

HPLC methodology: Reégents, Solvents and Standards: Water (Milli Q or equivaent)Acetonitrile

'(HPLC grade),Sodium perchlorate (GR Grade)Perchloric acid (70%) (GR Grade)Chromatographic

Conditions: Apparatus. A High Performance LiqUid Chromatograph equipped with quaternary gradient
pumps,-VariabIe wavelength UV detector attached with data recorder and integrator software. Column:
mertsil ODS 3V, 250 x 4.6mm, 5u Column temperature: 30°CSample Cooler temperature: 25°C
Mobile Phase : Mobile Phase A = Buffer: Acetonitrile (80: 20, v/v)Buffer: 0.01 M Sodium perchlorate in
water. Adjust pH 4.0 with 5% Perchloric acid in Wéter. Mobile Phase B = Buffer: Acetonitrile (20: 80,
viv) Diluent : Buffer : Acetonitrile (1: 1, v/v)Flow Rate : 1.OrnL/rninute Detection : UV 225nm
Injection Volume : 20uL'. The retention ti mé of Iinagliptin is about 9.2 minutes under these conditions.

Relative retention time for impurity X with respect to the main peak is 2.29.

In one embodiment the present invention provides linagliptin having chiral purity greater than
99.98% as determined by HPLC | '

In one embodiment the present invention provides linagliptin having a-chemical pUrity of atjeast
99.6% and chiral purity of 99.95% as determined by HPLC

In one embodiment the present invention provides linagliptin having chemical purity greater than
99.6% and chiral purity greater than 99.98% as determined by HPLC. "

In one aspect, the present invention provides a process for the prebaration of aogliptin, the
process comprisihg reacting a compound of Formula VII wherein X is halogen, with a compound of
Formula IVAI to obtain compound of formula Vi1, followed by deprotecting the compound of Formula
VIII.
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crib Qﬁ@

CN CN

Formula VI : Formula IVA1 . Formula VIII

In another embodiment, the present invention provides a polymorphic mixture, comprising at
Ieast about 0.5 weight %, based on the total weight of the mixture, of polymorph Form A or polymorph
Form B of linagliptin, with the remalnlng amount of the mixture being the other polymorph form of
linagliptin. In another embodiment, the present invention provides a polymorphic mikture, comprising at
least about 1 weight %, based on the‘ total weight of the mixture, of polymorph Form A or polymorph
Form B of Iinaglipt‘in, with the remaining amount of the mixture bein‘g the other polymorph form of
linagliptin. In anothd embodiment, thé present invention provides apoiymorphic mixture, comprising at
least about 2.5 weight %, based on the total weight of the mixture, of polymorph ‘Form A or polymorph'r
Form B of linagliptin, with the remaining amount of the mixture being the other polymorph form of
linagliptin.In another embodiment, the present invention provides a polymorphic mixture, comprising at
least abbut 5 weight %, based on the total weight of the mixture, of polymorph Form A or polymorph
Form B of linagliptin, with the remaining amount of the mixture being the other polymorph form of

linagliptin.in yet another embodimént, the present invention provides apolymorphic_ mixture, comprising

at least about 10 Weight %, based on the total weight of the mixture, of polymorph Form A or polymorph

Form B of linagliptin, with the remaining amount of the mixture being the other polymorph form of
linagliptin.In yet another embodiment, the present invention provides apolyrhorphic mixture, comprising
at Ieast about 15 Weight %, based on.the total weight of the mixture, of polymorph Form A or polymorph
Form B of Ilnagllptm with the remaining amount of the mixture being the other polymorph form of
linagliptin.In yet another embodlment the preeent ‘invention provides apolymorphlc mixture, comprising
at least about 20 weight %, based on the total weight of the mixture, of polymorph Form A or polymorph
Form B of linagliptin, with the remaining amount of the mixture being the other polymorph form of
linagliptin.In yet another embodiment, the present invention provides a polymorphic mixture,. comprising -
at least about 25 weight %, based on the total weight of the mixture, of polymorph Form A or polymorph

Form B of linagliptin, with the remaining amount of the mixture being the other polymorph form of

linagliptin.

In yet another embodiment, the present invention provides a polymorphic mixture, comprising

about 25 weight % to about 90 weight % of polymorph Form A of linagliptin and about 75 weight % to
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about 10 weight % of polymorph Form B of linagliptin. In yet another embodiment, the present inventi on
provides a polymerphic mixture, comprising about 80 weight % (x 5%) of polymorph Form A of
Iinegliptin and about 20 weight % (+ 5%) of polymorph Form B of Iiknagliptin. In yet another
embodiment, the present invention provides a polymorphic mixture, comprising about 70 weight % (+
5%) of polymorph Form A of linagliptin and about 30 weight % (x 5%) of polymorph Form B of
linagliptin. In yet another embodiment, the present invention provides a polymorphic mixture, comprising
about 60 weight % (+ 5%) of polymorph Form A of linagliptin and about 40 weight % (x 5%) of

polymorph Form B of linagliptin. In yet another embodiment, the present invention provides a

_ polymorphic mixture, comprising about 50 weight % (+ 5%) of polymorph Form A of linagliptin and

about 50 weight % (+ 5%) of pelymorph Form B of 'Iinagliptin. In yet another embodiment, the present
invention provi des a polymorphic mixture, comprising about 40 weight % (£ 5%) of polymorph Form A
of linagliptin and about 60 weight % (+ 5%) of polymorph Form B of linagliptin. In yet another
embodiment, the present invention provides a polymorphic mixture, comprising about 30 weight % (+
5%) of polymorph Form A of linagliptin and about 70 weight % (+ 5%) of polymorph Form B of
linagliptin. Inyet another embodiment, the present invention provides a polymorphic mixture, comprising

about 75% of polymorph Form A of linagliptin and about 25% of polymorph Form B of linagliptin.

In yet another embodiment, the present invention provides a process for the preparation -of a
polymorphic mixture of Form A and Form B of linagliptin, the process comprising recrystallizing
linagliptin in a solvent selected from the group consustlng of Ci-C 5 alcohol, a c2-c9 ester acs- co9ketone,
aca-cs carbonate, nitriles, hydrocarbon solvents and halogenated derivatives thereof, ethers, acetic acid,
dimethylformamide (DMF), dimethylacetamide(DMAC), N—methylpyrrolldl ne, formamide, N-
methylacetamide, N-methy [formamide, dimethylsulfoxide(DMSO), ethylformate, sulfonate, N, N-
dimethylpropionamide, nitromethane, nitrobenzene, and hexamethylphosphoramide, and mixtures thereof -

and mixtures of said organic solvents and water.

“The 0105a|cohol may be selected from the group consisting of methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, 2-butanol and the like. The C,-C, ester may be selected from the
group consisting of methyl acetate, ethyl acetate, isopropyl acetate, isobutyl acetate, n-butyl acetate, t-
butyl acetate and the like. The ca-co ketone may be selected from the group consisting of acetone, 2-
butanone, methylethyl ketone, ethylmethylketone, isopropylmethylketone, methyl isobutyl ketone and the
like. The C;-Cs carbonate may be selected from the group consisting of dimethyl carbonate, diethyl

carbonate and the like; nitriles such as acetonitrile, propionitrile and the like.
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The hydrocarbon solvents and hal ogenated dérivatives may be selected from the group consisting
of  pentane, hexane, heptane, cyclohekahe, petroleum ether, toluene, benzene, cycloheptane,
methylcyclohexane, ethyl benzehe, m-,0-,0r p-xylene, octane, indane, nonane, dichloromethane (MDC),
chloroform, carbon tetrachloride, 1, 2-dichloroethane and the like. The ethers may be selected from the
group cdnsisting of diethyl ether, dimethyl ether, dimethoxymethane, dimethoxypropane, isopropyl ether,
dvi-isopropyl ether, methyl t-butyl ether, tetrahydrofuran (;FHF), dioxane, furan, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether,

anisole and the like.

In yet another embodiment, the present invention provides a process for the preparation of a
mixture polymorphic Form A and B of linagliptin, the process comprising recrystallizing linagliptin ina
solvent selected from the group consisting of C;-Cs alcohol, ethers, esters, dimethylsulfoxide and

mixtures thereof or their mixture with water.

In yet another embodiment, the present invention provides a process for the preparation of a
mixture polymorphic Form A and B of linagliptin, the process comprising recrystallizing linagliptin in
ethyl acetate. "

In yet another embodiment, the present invention provides a process for the preparation of a-
mixture polymorphic Form A and B of linagliptin, the process comprising - recrystallizing linagliptin in

isopropy! acohol.

In yet another embodiment, the present invention provides a process for the preparation of a
mixture polymorphic Form A and B of linagliptin, the process comprising recrystallizing linagliptin in

dimethylsulfoxide and water mixture.

In yet another embodiment, the present invention provides a process for the preparation of
Iinagliptin, the proceSs comprising recrystallizing linagliptin from a mixture of methylene dichloride and
methyl t-butyl ether.

- In yet another embodiment, the present invention provides a process for the preparation of a
mixture polymorphic Form A and B of linagliptin, the process comprising recrystallizing linagliptin from

a mixture of methylene dichloride and methyl t-butyl ether.

In yet another embodiment, the present invention provides a process for the preparation of a
mixture of polymorphic Form A and B of linagliptin, the process comprising recrystallizing linagliptin

from amixture of methanol and methyl t-butyl ether.
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In one embodiment the present invention provides a preceﬁ for the preparation of a mixture of
polymorphic FormA and B of linagliptin, the pfOCGSS comprising heating linagliptin in methanol at reflux
temperature adding methyl 't-butyl ether at reflux temperature and stirring the reaction mass at refluxing
temperature for a period ofb about 30 mins to 1 hour and cooling the reaction mixture slowly at room

temperature.

In one embodiment the present invention provides a process for the preparation of a mixture of
polymorphic Form A and B of linagliptin, the process comprising heating Iinagliptin_ in methanol at reflux
temperature adding methyl t-butyl ether a reflux temperature and stirring the reaction mass at refluxing
temperature for a period of about 30 mi nsto 1 hour and cooling the 'reection mixture slowly at room
temperature and seeding the reaction mixture with a mixture of polymorphlc form A and B to isolate a

mixture of polymorphlc Form A and B of linagliptin.

In one embodiment the present invention provides a process for the prepafation of a mixture of
polymorphic Form A and B of linagliptin, the process comprising heating linagliptin in methanol'at reflux
temperature adding methyl t-butyl ether at reflux temperature and stirring the reaction mass at refluxing
temperature for a period of about 30 mins to 1 hpur and. cooling the reaction mixture slowly at room
temperature and seeding the reaction mixture with polymorphic B to isolate a mixture of polymorphic

Form A and B of linagliptin.

In yet another embodiment, the present invention provides a process for the preparation of
polymorphic Form C of linagliptin, the process comprising recrystallizing linagliptin from a mixture of

methanol and methyl t-butyl ether.

In one embodiment the preeent invention provides a process for the preparation of polymorphic
Form C of linagliptin, the process comprising heating linagliptin in methanol at reflux temperature,
cooling the reaction_mass to a temperature in the range of -about 0°C to about 15°G and adding-methyl t- -

butyl ether and stirring the reaction mass.

The following examples are provided to enable one skiIIed in the art to practice the invention and

are merely illustrative of the invention. The examples should not be read as limiting the scope of the

invention as defined in the features and advantages
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Examples

Example 1: Preparation of (RVN-piperidin-S-ylacetaniide Pibenzoyl tartarate salt

(a)Preparation of iV-(pyridin-3-yl)-acetamide: In a RBF 500 ml of tetrahydrofuran (THF), 100 gm of

~ 3-amino pyridine were charged under nitrogen atmosphere. Added 130 gm of acetic anhydride at about 0-

5° and maintained the reaction mass for about 17hr a room temperature to complete the reaction.

Distilled off the THF below about 45°C under vacuum. Charged 2000ml of diisopropylethylamine and
heated the reaction mass to about 50°C for about 30 min. Cooled the reaction mass to room temperature
and filtered the product and then washed with 200 ml DIPEA. Dried the product at about 45-50°.
(b)Preparation of 7V-piperidin-3-yl-acetaniide: In an autoclave 500 ml of acetic acid, 100 gm of N-
(pyridin-3-yl)-acetamide and 20 gm of 10 % Pd/C were charged. 10kg hydrogen pressure was applied to
the reaction mass and the temperature was raised to about 80°C. Maintained the reaction mass for about
5.0 hrs and after cOmpIetion of the reaction, the reaction mass was filtered through Hyflobed. Acetic acid
was ditilled off under vacuum below about- 55°C to get an oily mass. The oily mass was dissolVed in
1000 ml of methylene dichloride and the pH adjusted to about 10-12 by using sodium hydroxide solution.
The sdt was filtered _and washed with 300 ml methylene dichloride. Distilled off the methylene
dichloride under vacuum below 35 °C to get an oil. Wt of Oil 95.0 gm o

(c)Preparation of (R)-./V-piperidin-3-ylacetamide Dibenzyol tartarate salt: In a RBF charged 500.ml
of Methanol, 50 gm of N-piperidin-3-ylacetatnide & 138 gm of L (+)-Dibenzoyl tartaric acid. The

reaction was maintained for about 90 mins at room temperature and then heated to reflux. The reaction

mass was maintained for about an hour at reflux and then cooled and maintained at-room temperature for
about 12.0 hours. Then, the product was filtered and washed with 100 ml methanol. Again charged the
obtained wet cake in 800 mi methanol, heated to reflux and maintained reaction mass for 1.0 hr to get a
clear solution. Cooled the reaction mass to.rbom temperature and maintained for 12.0 hrs. The product
was filtered and washed with 100 ml methanol. The product was dried at about 45-50°C under vacuum.
Unwanted S-isomer NMT 1.5% Dry Wt -20. Gm.-

Example 2: Preparation of R-3-(4-Methylphthalimido)-piperidine. o

(@)Preparation of 3-Aminopiperdine dihydrochloride: In a clean round bottom flask, 400 ml of Cone
HC1 and 100 gm of N-piperidin-3-ylacetamide (prepared in Ex 1b) were charged & refluxed for 4 hours.
The reaction mass was concentrated to get thick oil. 500ml ethanol was added to the oil & stirred at room

temperature to get solid. Dry wt 100gms

(b)Preparation of 3-(4-Methyl phthalimido)piperidine In aclean round bottom flask, 30 ml acetic acid,
IOgms 3-aminopiperidine dihydrochloride & 14 gms 4-methylphthalic - anhydride were charged. The

reaction mass was refluxed for 1 hour & then cooled to 60°C. The reaction mass was concentrated to get
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the oily mass. 100ml ethanol was added to reaction mass. The reaction mass was heated to 78-80°C to get

uniform slurry. The reaction mass was cooled to room temp & filtered to get the titled compound. Dry wt

85 gms.

(c)Resqutlon of 4- Methylphthallmldo 3-piperidine

Method 1:In aclean round bottom flask, 1.0 gms 3—(4-Methy|phtha||m|do)p|per|d|ne & 5 ml acetic acid

were charged. A solution of D(-)-tartaric acid in 5 ml ethanol ‘was added to the reaction mass at about 85-
90°C & stirred for 30minutes. The reaction mass was cooled to RT & filtered & washed with 2 ml ethanol
to obtain a solid. The solid was taken in water and the pH was adjusted to 8-10 using liquid ammonia.
Méthylene dichloride was added to the agueous layer. The organic layer was separated and the product

isolated from the organic layer.

Method 2: In aclean round bottom flask, 1.0 gms 3-(4-Methylphthalimido)piperidine & 10 ml ethyl

acetate were charged. A solution of dibenzoyl tartaric acid in 5 ml ethyl acetate was added to the reaction
mass at 78-82°C & stirred for 30 minutes. The reaction mass was cooled to RT & fiIté_red & washed with
2 ml ethyl acetate. 10 ml ethyl acetate was added to the obtained wet cake & heated at reflux for about. 1.0
hr to get uniform slurry. The reaction mass was cooled to RT & -maintained for 12.0 hrs. The product was
filtered & washed with 2 ml ethyl acetate. The solid was taken in water and the pH was adjusted to 8->10
using sodium hydroxide. Methylene dichloride was added to the agueous layer. The organic 'Iayer was

separated and the product isolated from the organic layer

Example 3: Preparation of 3-(R)-(4- Methylphthahmldo)plperldme

(a)Preparation of 3-(R)-Aminopiperidine dihydrochloride: In a clean round bottom flask 400 ml of
Cone HC1 and 100 gm of N-piperidin-3-(R)-ylacetamide di benzyol tartarate salt (prepared in Ex 1c) were
charged & refluxed for 4 hours. The reaction mass was concentrated to get thick oil. Added 500 ml
ethanol tothe oil & stirred.at RT to get solid. Dry wt 100gms

(b) 3—(R)—(4—T\'/i'éiﬁ37l_pﬁihalimido)piperidine: I-n aclean round bottom flask, 30 ml acetic acid, 10 gms 3-
(R)-aminopiperidine dihydrochloride & 14 gms 4-methylphthalic anhydride were charged. The reaction
mass was refluxed for 1 hour & then cooled to 60°C. The reaction mass was concentrated to get the oily
mass. 100ml ethanol was added to reaction mass. The reaction mass was heated to 78-80°C to get uniform

slurry. The reaction mass was cooled to room temperature & filtered to get the titled compound.

Example 4: Preparation of I—i(4—Methylauinazolin72—yl)methylI—3—methyl77—(2—but_in—I—yI)—8—(3—

fR)-4-methyl phthalimidopiperidin-I-yl)-xanthine: _In a clean round bottom flask 5 gms of I-[4-

methylquinazolin-2yl)-methyl]-3-methyl-7-(2-but-1-nyl)-8-bromoxanthine, 40 gns of (R-)3-(4-
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methylphthalimido)-piperidine, 0.9 gms of potassium carbonate & 50 ml of dimethylfermamide were

charged. The reaction mass was nﬁai‘ntaj ned at about 80°C for about 12 hrs. The reaction mass was cooled

to about room temperature and 100ml water was added. Then, the product was extracted with 50ml -

methylene dichloride. The methylene dichloride layer was concentrated and the product was isolated in

methyl tertiary butyl ether. Dry wt 4gms.

Example 5: Preparation of _|-fr4-Methylguinazolin-2-yl)methyll-3-methyl-7-(2-butin-I-vl)-8-(3-
(R)-4-methylphthalimidopiperidin-lI-Yn-xanthine: _In a clean round bottom flask, 1 gm of [-[4-

methquuinazolin-2y|)-methyl]-3-methy|-7-(2-but-|-nyI)-8-bromoxanthine, 1.3 gms of 3-(R)-(4-
methylphthalimido)-piperidine  tartrate salt, 0.5 gms of potassium carbonate & 10 ml of
dimethylformamide were charged. The reaction mass was maintained at about 80°C for 12 hrs. The
reaction mass was cooled to about room temperature & 20ml water was added“& the product extracted
with 20ml methylene dichloride. The methylene dichloride layer was concentrated & the product was
isolated in methyl tertiary butyl ether. Dry wt 1.09 gms.

Example 6: Preparation of Linagliptin :In a RBF 1ml of toluene, 1oo'mg of | -[(4-Methylquinazolin-

2-yl)methy!]-3-methyl-7-(2-butin-1-yl)-8-(3-(R)-4-methyl phthalimidopi peridin-I-yl)-xanthine, 0.1 -ml of
ethanolamine were charged, the temperature was raised to about 100-1 10°C and the reaction mass was
maintained for about 3 hours to complete the reaction. After the completion of the reaction, the reaction
mass was cooled to about 80°C.The aqueous and oil layers were separated. The agueous layer was

extracted again with 1 ml of toluene. The organic layers were combined and washed with 2ml of water at

"about 80°C. The organic layer was concentrated under vacuum to get an oily mass. Added 2 ml water-to

the oily mass and adjusted the pH to about 2-3 using ag. HCI. The agueous layer was washed with
methylene dichloride (MDC). The pH of aqueous layer was adjusted to about 10-12 using 5% ag NaOH

solution. The product was extracted in MDC and worked up by either of the methods (a), (b) or (c) listed 4
below , _ _ L e
@ M DCIayer was concentrated & product was isolated by methanol.  Dry wt 50mg. HPLC purity

>99.0 %.(b) MDC layer was concentrated & product was dissolved in.a mixture of 5 ml acetone & 5 ml
ethyl acetate at 40-45°C. Reaction mass cooled to RT & filtered. Wet cake was washed with 2 ml
mixture of ethyl acetate & acetone. Dry wt 40mg. HPLC purity >99.0 %.(c)MDC layer was concentrated
& product was dissolved in 10ml IPA at 40-45°C. Reaction mass cooled to RT & filtered. Wet cake was
washed with 2 ml IPA. Dry wt 60mg. HPLC purity >99.0 %.

Example 7 : Preparation of _Linagliptin :_In aclean round bottom flask, 9ml of ethanol, 90 mg of 1-

[(4-Methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butin-I-y)-8-(3-(R)-4-methyl phthalimidOpi peridin-I-
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yl)-xanthine & 0.9 ml of hydrazine hydrate were charged. The temperature of the reabtion mass was
raised to 78-80°C & the reaction mass was maintained for 3 hours. The reaction mass was cooled to 50°C
& ethanol was distilled off. 9 ml methylene dichloride was added to the obtained residue & stirred a RT
to get the solid. Undesired solid was filtered. The filtrate was concentrated & 9 ml methyl tert butyl ether
was added to the residue to get the solid Linagliptin. Reaction mass was stirred at RT & filtered. Wet cake
was washed with 2 ml IPA. Dry wt 45mg

Example 8: Crystallization of linagliptin :_0.50 gm of Linaglipti‘n, and 2.5ml of ethanol was charged

into a clean and dried round bottom flask and refluxed for about 30 min. Subsequently the solution was ‘

slowly cooled to about 20°C. No precipitate was observed at about 20°C. Further, the solution was cooled

b below 10°C and the precipitation was observed. 5.0 ml of MTBE added and stirred for 60 min below

10 °C. The mixture is filtered and dried under vacuum at ambient temperature.

Example 9: Crystallization of linagliptin : 2.00 gm of Linagliptin and 10.0 ml of ethanol was charged

in to a clean and dried round bottom flask and refluxed for about 15 min. Subsequently the solution is
slowly cooled to about 25°C. Further, the solution was cooled to below .0°C and maintained for.about an
hour and precipitation was observed. Thereafter, 20.0 ml of MTBE added and stirred for about 60 min
below about 10 °C. The mixture was filtered and dried under reduced pressure below 10 °C

Example 10: Crystallization of linagliptin: 0.10 gm of Linagliptin and 0.30 ml of dimethylsulfoxide

(DMSO0) was charged in to-a clean and dried round bottom flask and warmed for about 5 min to get a
clear solution. - The mixture was quenched in 25 volume of water and stirred overnight. Reaction mixture

was filtered and dried under reduced pressure ambient temperature.

| Example 11 Crystallization of linagliptin : 0.10 gm of Linagliptin and 10.0 ml of isopropanol was

charged into a clean and dried round bottom flask and refluxed for about 15 min. - Subsequently the
solution was slowly cooled to about 25 °C. Further, the solution was stirred and maintained for about 2 hr
and precipitation-was-observed. The mixture was filtered and dried under reduced pressure a about 25-30

°C overnight.

Example 12 Crystallization of linagliptin: 1g of linagliptin was recrystallized from a mixture of 5ml of
ethyl acetate and 5ml of acetone. ‘ ' '

Example 13: Preparation of 3-(R)-f4-M ethylphthalimido)piperidine:

In a clean round bottom flask, 100 ml acetic acid, 50 gms 3-(R)-aminopiperidine dihydrochloride &
56.5gms of 4—methy|phthali¢ anhydride were charged. The reaction mass was refluxed: & then cooled to
25-30°C. Acetone was gdded to the reaction mass & obtained solid was filtered. Acetone was added to the
solid obtained & refluxed to get uniform slurry. The reaction mass was cooled to 25-30°C & filtered. Wet
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wt 70gms. In another round-bottom flask, methylene dichloride, wet cake and water were charged. The
reaction mass was basified & layers were separated. The organic layer was washed with water &
concentrated upto half volume. Diisopropyl ether was added to the reaction mass to obtain the product.

Dry wt 40gms,HPLC purity = 85%

Example 14: Preparation of 3-(TR)-i4-Methylphthalimido)piperidine: In a clean round bottom flask,

-1000m! methanol and ZOOgm 3-(R)-aminopiperidine dihydrochloride were charged. Cooled the reaction

mass to 0-10°C and added 1850ml 2.5% methanolic NaOH solution slowly at 0-10°C. Stirred and filtered
the inorganic solid, distilled out clear fi_Itrate under vacuum below 45°C. Added 400ml acetic acid and
cooled the reaction mass to room temperature, added 226.Igm 4-methylphthalic anhydride. Reaction
mass was refluxed & then cooled to 25-30°C. Acetone was added to the reaction mass & obtained solid
was filtered. Acetone was again added to the solid obtained & refluxed to get uniform slurry. The reaction
mass was cooled to 25-30°C & filtered. Dry wit: 2809ms

In another round bottom flask, above dried solid material, methylene dichloride and water were charged
The reaction mass was basified & layers were separated. The organic layer was washed with water &
concentrated upto half volume. Diisopropyl ether was added to the reaction mass to obtain the product.
Dry wt: 175gms,

HPLC purity =96.16%

7E>‘@r‘nplie 15: P.r.eparation of |I-f4-Methyl quinazolin-2vl)-inethyll-3-methyl-7-(2-but-I-nyl)-8-

bromoxanthine In a round bottom flask, 140ml DMF, 20gm of 8-bromo-7-but-2-yn-I-yl-methyl-3,7-

dihydro-IH-purine-2,6-dione and 15.67gm of 2-(chloromethyl)-4-methyl-l,2-dihydroquinazoliiie  were
charged. 14gm potassium carbonate was added to the reaction mass and heated to 95-100°C for 3 hours.
The reaction mass was cooled to 0-10°C & added 100 ml water. The reaction mass was allowed to come
to 25-30°C. The SO|Id obtalned was flltered & the slurry was washed with water. The obtained solid was
purlfled in ethy‘ln acetate to get the product Dry wt 25gms, HPLC purity = 98%

Example 16: Preparation of I-[(4-Methv|quinazolin-2—y|)methy|I-3-methy|-7T(2—butin-I-vn-8—(3-

(R)-4-methylphthaH midopiperidin-I-yl)-xanthine: _In a clean round bottom flask 40ml N-Methyl-2-

Pyrrolidone (NMP), [Ogm 8-bromo-7-(but-2-yn-1-yl)-3-methyl-1-[(4-methyl quinazolin-2-yl)methyl]-3,7-
dihydro-IH-purine-2,6-dione  and 8.Igm 4-methyl-3-(R)-pthalimidopiperidine  were charged. The

temperature of the reaction mass was raised to 80-85°C & 10ml diisopropylamine was added. The

~ reaction mass was heated to 100-105°C & maintained at this temp to complete the reaction. On

completion of reaction, teaction» mass was cooled to 35-40°C & methanol was added. The reaction mass
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was further cooled to 25-30°C & filtered. Obtained wet material was again purified in methanol to get the
product. Dry wt 10gms, HPLC purity =97% ' |

Example 17: Preparation of _ I-i(4-M ethylguinazolin-2-yl)niethvn-3-methyl-7-f2-butin-I-ylV 8-(3-

(R)-4-methylphthalimidopiperidin-I-vn-xanthine; In a clean round bottom flask 680ml N-Methyl-2-

Pyrrolidone (NMP), 170gm 8—br0mo-7-(but-2-yn-|-yI)-3 -methyl-1-[(4-methy|qqinazolin-2 -yl)methyl] -
3,7-dihydro-IH-purine-2,6-dione  and 138gm 4-methyl-3-(R)-pthalimidopiperidine were charged. The

" temperature of the reaction mass was raised to 80-85°C & 170ml diisopropylamine was added. The

reaction mass was heated to 100-105°C & maintained a this temp. On completion of reaction, the
reaction mass was cooled to 35-40°C & methanol was added. The reaction mass was further cooled to 25-
30°C & filtered. The wet material obtained Was again durried in methanol to get the crude product, wet
wt: 287gm.- In another round bottom flask, 595 ml methanol, 255 ml MDC and crude wet cake were
charged. The reaction mass Wés heated to reflux and then cooled to room temperature. The solid obtained

was filtered and washed with methanol to get the pure productv. Dry wt: 162gms, HPLC purity =98.77%

Example 18 Preparation of Linagliptin _crude: In a clean round bottom flask, IOgm of I-[(4-

M ethylquinazolin-2yl)methyl]-3-methyl-7-(2-butin-lyl)-8-(3(R)-4-methyl phthalimidopiperidine-yl)

xanthine and 100ml of toluene were charged. 10ml of ethanolamine was added to the reaction mass and
heated to 90-95°C fo complete the réaction. The reaction mass was cooled to 80°C and the layers were
separated. The organic phase was distilled under vacuum to get crude linagliptin. Dry Wti. 7.50gmHPLC
purity: 97.95% Impurity X: 0.69%

 Example 19 Preparation of Linagliptin crude: In a clean round bottom flask, 10gm of I-[(4-

Methyiquinazolin-2y|)methy|]-3-méthy|-7-(2—butin-IyI)-8—(3(R)-4fmethyI phthalimidopiperidine-yl)-
xanthine and 100ml of toluene were charged. 10ml of ethanolami ne was added to the reaction mass and
heated to 75-80°C to complete the reaction. The reaction mass was cooled to 50-55°C. Water was added
to reaction mass & layers were separated. Organic phase Was distilTed under vacuum to get Linagliptin

crude. Dry wt: 7.50gm

Example 20 Preparati‘on of Linagliptin: - In a clean round bottom flask, 10.0gms of [-[(4-

Methylquinazolin-2yl) = methyl]-3-methyl-7-(2-butin-lyl)-8-(3(R)-4-methyl phthalimidopiperidine-yl)-
xanthine and 50ml ethanolamine were charged. The reaction mass was heated to 90-100°C for Ihr and
cooled to room temperature. 100ml water was added and the solid was filtered. 150ml of toluene was

added and completely distilled out under vacuum at 45-50°C to get pale yellow solid. Dry wt: 6.0gm.

Yield: 78.94%,(molar yield) Purity: 98.83%.
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Example 21: Preparation of Linagliptin dibenzoyl-D-tartaric acid salt : In a clean round bottom flask,

7.5gm of crude linagliptin and 100ml methanol were charged. A solution of 5.81gm Di-benzoyl-D-
Tartaric acid in 100ml methanol was added a 60°C and the reaction mass was stirred for 1.Ohr. The
reaction mass was cooled to room temperature and the obtained salt was filtered and washed with 20ml

methanol. Dry wt: 12.0gmHPLC purity: 99.54%, Impurity X : 0.20%

Example 22: Purification of Linagliptin dibenzoyI—D—tartaric acid salt : In a clean round bottom

flask, 129rh of Linagliptin dibenzoyl-D-tartaric acid salt and 120ml isopropanol were charged. The
reaction mass was heated to reflux & maintained for | 1.Ohr at reflux. The reaction mass was cooled to
room temperature and strired for |.Ohr. The solid was filtered and washed with isoprdpanol. Dry Wt :
11.70gm. HPLC purity: 99.63%, Infpurity X: 0.08%. | ' ’

"H NMR (400 MHZ2) of Linagliptin dibenzoyl-D-tartaric acid salt: 1.03-1.04 (d, 2H), 1,57 (m,2H),

1.76-1.77 (incompletely resolved, s, 3H,) superimposed with 1.77 (m, 1H), 1.93 (m, 1H), 2.88 (s, 3H),
3.0-3.12(m, 2H), 3.32-3.33 (m, 1H), 3.46-3.49 (dd, 1H), 3.65-3.67 (dd, 1H), 4.83-4.95( m, 2H), 5.33 (s,
2H), 5.66 (s, 2H), 7.47-8-28 (4+10H).

XRD table of Linagliptin dibenzoyI—D—taftaric acid salt

[ Pos d spacing | Rel.Int Pos 1 d ‘ Rel.lnt
[°20] (A] % [°20] | spacing %
208 [4237 | 224 12.75 | 6.94 30.78

635 | 1391 100.00 | 13.29 | 6.66 14.43
762 | 1150 | 8366 | 1405 [630 | 6757
934 |[9.47 16.61 | 1446 [6.13 | 21.19
10.94 | 8.09 | 2727 | 15.05 |5.89 2620

1135 | 7.80 9.39- -} 15.84 |5.60 7.53
11.77 |7.52 14.80 | 16.56 [535 | 8.08
12.14 729 10.99

Differential  Scanning Calorimetric  (DSC) thermogram having an endotherm peak at about
2331£0.2°C.The TGA shows aweight .loss of 0.6% upto 150°C over arange of 0-250 °C.

Example 23: Preparation of Linagliptin: In aclean round bottom flask, 150gms Linagliptin dibenzoyl-

D-tartaric acid salt, 1500ml water and 1500ml MDC were charged. The reaction mass was basified with
5% ag. NaOH solution and the layers were separated. The organic layer was washed with water and
digtilled out under vacuum below ‘4(')°C to get pae yellow semisolid. 150ml- methanol was added and
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heated to 60-65°C to get a clear solution. The reaction mass was cooled to 50-55°C and 1200ml methyl

* tert-butyl ethér was added dlowly at this temperature. The slurry obtained was stirred for 30min at 50-

55°C and then cooled to room temperature, filtered and washed with 150ml methyl tert-butyl ether to
obtain a mixture of Form A and Form B of Linagliptin. Dry wt: 80gm Related substance by HPLC:
Compound of formula [11: not detected, Compound of formula I1Al: not detected; HPLC Purity: 99.85%;
Siisomer by HPLC: 0.02% |

Example 24: Preparation of Linagliptin : In a clean round bottom flask, IOgm of Linagliptin

dibenzoyl-D-tartaric acid salt and 100ml methylene dichloride were charged. 100mI water was added and
pH was adjusted to 8-10 by adding 5% Ag. NaOH. The reaction mass was stirred at room temperature for

30min. and the layers were separated. The organic layer was ditilled under vacuum and pure linagliptin

was isolated from a 120ml mixture of methylene dichloride and methyl tert butyl. ether. Dry Wit:

5.50gmHPLC purity: 99.64%, Impurity X: 0.06% Chiral Purity: Unwanted isomer: 8-[3(S)-

Aminopiperidin-1-yl]-7-(2-butynyl)-3-methyl-I-(4-methyl quinazolin-2-ylmethyl)xanthine, NMT 0.02%

Example 25: Preparation of form-C of Linagliptin : In a clean round bottom flask, 2.0gms Linagliptin

and 20ml methanol were charged. The reaction mass was heated to 50-55°C to get a clear solution..
Reaction mass was cooled to 5-10°C and added 20ml methyl tert-butyl ether slowly at 5-10°C. Stirred for
30min at 5-10°C and filtered, washed with 4ml methyl tert-butyl ether. Dry wt: 1.6gm

Example 26£ Preparation of form-C of Linagliptin: In a clean round bottom flask, 2.0gms Linagliptin

and 20ml methanol were charged. The reaction mass was heated to 50-55°C to get clear solution.
Reaction mass was cooled to 5-10°C and added 40ml methyl tert-butyl ether slowly at 5-10°C. Stirred for
30min a 5-10°C and filtered, washed with 4ml methyl tert-butyl ether. Dry wt: 1.6gm

Example 27:" Preparation of form-A of Linagliptin:

In a clean round bottom flask, 10gms Linagliptin dibenzoyi-D-tartaric acid salt, 100ml water and 100m
MDC were charged. The reaction mass was basified with 5% ag. NaOH solution and layers were
separated. Organic layer was washed with water and distilled out under  vacuum at 440°Ct0 getb pale
yellow semisolid. 20ml ethanol was added and heated to reflux to get a clear solution. Reaction mass was
cooled to 55-60°C ahd added 40ml methyl tert-butyl ether. Stirred for 30min at 55-60°C and cooled to
room temperature, filtered and washed with 10ml methyl tert-butyl ether. Dry wt: 5.30gm
HPLC purity: 99.66%
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Example 28: Preparation of Linagliptin in toluene and ethanolamine using I-[(4-Methylquinazolin-
2yl) methvl]-3—methyl—7—(2—butin—I vIV8-(3(RY-4-methyl phthalimidopiperidine-vO-xanthine ‘

In a clean round bottom flask, 10.0gms of |-[(4-Methylquinazolin-2yl) ~methyl]-3-methyl-7-(2-butin-lyl)-
8-(3(R)-4-methyl phthaJifnidopiperidineyl)—xanthine and 100mI' toluéhe were ' charged. 1iml of
ethanolamine was édded and the reaction mass was heated to 100-105°C for 3hrs. The reaction mass was
cooled to 80-85°C and the layers were separated. The organic layer was washed with 100ml water and
distilled out the organic layer completely under vacuum at 45-50° to get pale yellow solid. Yield: 90%,
Purity: 97.49%.

Comparatiye example Preparation of Linagliptin in_toluene and ethanolamine using 1-1(4-

' methylquinazolin-2yl) methyll—3—methy|—7—(2—butin—IyIV8—(3(R)—phthalimidopiperidineyIannthine

- intermediate.

In a clean round bottom flask, 5.0gms of I-[(4-Methylquinazolin-2yl) methyl]-3-methyl-7-(2-butin-Iyl)-
8-(3(R)-phthalimidopiperidine-yl)-xanthine and 50ml toluene were charged. 10ml ethanolamine was
added and the reaction mass was heated to 100-] 05°C for 2hrs. The reaction mass was cooled to 80°C and
the layers were separated. The organic layer was distilled out completely under vacuum a 45-50°C and
the product isolated in 25ml methyl tert butyl ether to get pale yellow solid. Dry wt: - 1.80gm.Yield:
46.15%, Purity: 94.98%. o

It was observed that the linagliptin obtained by uéing unsubstituted phthalimidopiperidine as exempllified
in the comparative' example has a lower purity and the yield of linagliptin obtained is very low as
compared to the linagliptin obtained by the process of the present invention using substituted

phthalimidopiperidine compound of formula 11A1 (example 28).
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Claims

1. A process for the preparation of Iinagliptih, a compound of Formula‘l,
: __CH,
A
N
X ,—N NH
l Y\N)t N 2 .
o J o
CH3 éH:; - )

5 ‘ Formula |

the process comprising deprotecting a compound of Formula I

. o ////// :
l \\,’q/\N/kﬁ:N _ANRIR,
e aav
. CHy CH ‘

Formula Il

wherein R, and R, together with the nitrogen to which they are attached form a phthalimido
10 group, wherein the aromatic ring of the phthalimido group is substituted with one or more' R; :
substituents selected from the group consisting of halogen, alkyl, nitro and amino; or R, isH and
R, is selected from the group consigti ng of trialkylsilyl, - 2-trialkylsilylethoxycarbamates, acetyl,
trihal oacetyl, 9—f|uorény|methoxycarbonyl, trityl, alkylsulfonyl, arylsulfonyl, dipheiiylphosphine

and sulfonylethoxycarbonyl.

15 - 2. A compound of Formula Il

S CHy
o y/ / |
) N P -
\ - i o . .._N____.._ - - ——————
l | Y\N l >__N ~ _NR1R2
N Y
EL/ PN |

 CH, ‘IJHa . ‘

Formula Il
wherein R; and R, are as defined above.

3. A compound as claimed in claim 2 wherein R; and R, together with the nitrogen to which they

20 are attached form a'phthali‘mido group, wherein the aromatic ring of the phthalimido group is
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éubsti_tuted with one or more R, substituents selected from the group consisting of halogen, alkyl,

nitro, amino, represented by compound of Formula I1A.

. //////CH3 .
| b by ©T

Formula I1A

5 4. -A compound as claimed in claim 3 wherein R, is C1-C5 akyl group.

5. A compound as claimed in claim 3 wherein R; is 4-methyl. '

6. A process for the preparation of compound of Formula Il. as claimed in clam 1, the prdc&es'
10 further comprising reacting a compound of Formula 111, wherein X is a halogen with a compound

of Formula IV; wherein R and R, are as defined above.

. , ) CH,
. 0 ///// . . /R1
N,
AN N’ N
| W/\”Jj[ _— | O/ \
N V/, R
©/Y/ I B
CHj (!)H3 » H
Formula III - Formula IV ‘
15 7. A compound of Formula IV
R1
N
OB
R
N
L
Formula 1V

wherein Ri and R2 together with the nitrogen to which they are attached form a phthaliinido
group, wherein the aromatic ring of the phthalimidb group is substituted with one or more R,
20 substituents selected from the group consisting of halogen, alkyl, nitro and amino; or R, isHand
R, is selected from the group consisting of trialkyléilyl, 2-trialkylsilylethoxycarbamates, acetyl,
tfihaloacetyl, 9-fluorenylmethoxycarbonyl, trityl, alkylsulfonyl, arylsulfonyl, diphenylphosphine

and sulfonyl ethoxycarbonyl .
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8. A process for the preparation of acompound of FormulalV, wherein R, and R, are as defined in

claim 7, the process comprising resolving aracemic compound of Formula V with an optically

active acid.
: . . . R1
7
R1 N
/ AN
N\ . [j/ R,
Rz N
N . H
H N
5 ‘ - _ Formula IV Formula V

9. A process for the preparation of acompound of Formula IVA
(o}

-~ OHN N ] \'
O’/@Rs

o]

Formula IVA

wherein the aromatic ring of the phthalimido group is substituted with one or more R,
10 " substituents selected from the group consisting of halogen, akyl, nitro and amino; the process
comprising reacting R-(3)-aminopiperidine with substituted phthalic anhydride wherein the
aromatic ring of the phthalic anhydride is substituted with one or more R; substituents selected

from the group consisting of halogen, alkyl, nitro and amino.

10. A process as claimed in claim 9, for the preparation of compound -of Formula IVA1,

| 0
HN N Z\ iz
Q’? CH,

FormulaiVAl =~

comprising reacting R-(3)-aminopiperidine with 4-methylphthalic anhydride.

15
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12,

13.
14.

15

16.

. Linagliptin dibenzoyl-D-tartaric acid salt.

Linagliptin dibenzoyl-D-tartaric acid salt as claimed in claim 11in crystalline form characterized
by XRD pattern having peak reflections at about 6.35, 7.52, 14.05+0.2 degrees 2 theta.
Use of linagliptin dibenzoyl-D-tartaric acid for the preparation of linagliptin.
Use of linagliptin dibenzoyl-D-tartaric acid as claimed in claim 13 ‘for the preparation of
linagliptin with a chiral purity of atleast 99.95% as determined by HPLC.
A process according to claim 1 further comprising ,

a. converting the linagliptin into linagliptin dibenzoyl-D-tartaric acid salt;

b. treating the linagliptin dibenzoyl-D-tartaric acid salt with a suitable base to form

linagliptin; and

c. isolating the pure linagliptin.
A process as claimed in claim 15, wherein the linagliptin is obtained in a chemical purity of
atleast 99.6% and chiral purity of 99.95% as determined by HPLC. '
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5  Fig. 1t is an X-ray powder diffraction pattern of compound of Linagliptin dibenzoyl-D-tartaric acid salt.
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Fig. 2: is Differential scanning calorimetry endotherm of Linagliptin dibenzoyl-D-tartaric acid salt.
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Fig.3: is Thermogravimetric analysis curve of Linagliptin dibenZO)’/l—D-tartaric acid salt.
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