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PROCESSES FOR PREPARING 4-OXO0-4- [3- (TRIFLUOROMETHYL) -5,6-
DIHYDRO [1,2,4]-TRIAZOLO[4,3- A]PYRAZIN 7(8H)—YL] 1-(2,4,5-
TRIFLUOROPHENYL)BUTAN-2-AMINE

FIELD OF THE INVENTION
. The present invention relates to syntheSIs of 4-0x0-4-[3- -(trifluoromethyl)-5, 6-
dihydro [1.2,4]-triazolo]4,3-a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan- 2.
amine of Formula (I) or its salts either in its racemic (R/S) form or any pf its oﬁtiéally
actiye (Sj or (R) forms or enantiomeric excess mixture of any of the forms by nd_vel
processes. The invention further relates to certain novel intermediates useful in the
preparation of compound of Formula (I) and processes for theif,\ preparation. The

invention also relates to pharmaceutical compositions that include the compound of
Formula (1), prepared accbrding to the processes disclosed herein. |
BACKGROUND OF THE INVENTION

The compound of Formula (I) ) either in its racemic (R/S) form or any of its
optically active (S) or (R) forms or enantiomeric excess mixture of any of the forms is
an -industrially ‘useful compound having the chemical " name 4-0x0-4-[3-
(trifl udromethyl)-5,6-di_hydro [1,2,4]-triazolo[4,3-a]pyrazin-7(8H)-yl]-1 -(2,4;5-

trifluorophenyl)butan-2-amine and the following structure.

n CF;

The preparation and use of beta-amino tetrahydrotriazolo[4,3-a}pyrazines,

including  (2R)-4-oxo0-4-[3-(trifluoromethyl)-5,  6-dihydro  [1,2,4]-triazolo[4,3-

a]pyrazin- 7(8H) -yl]-1-(2,4,5-trifluorophenyl)butan-2-amine (sitagliptin), are disclosed
in U.S. patent No. 6,699,871, which are inhibitors of DPP-IV. Dlsclosed therein are

compounds, whose general formula is,
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NH, O

Ar\)\)j\N/\l/N\
| lv~\<x
- | R
-(2R)-4-0x0-4-[3-(trifluoromethy})-5, 6-dihydro [1,2,4]-triazol.o[4,3-a]pyrazin‘-7(8H)-

yl}-1-(2,4,5-trifluorophenyl)butan-2-amine can be synthesizéd by method disclosed in

the above specification, depicted by following scheme

P H ' EDC.HOBT.DIEA. DMF
NH O “N /N~X or other peptide coupling
Ar\/k)l\OHz k/N\<
. k,
LN NH, O
o .
Y Deprotection Ar- N
Af\/'\/“\ _N ) N/\ﬁ \
N/‘\.r X Eg.. TFA/CH,Cl, for P<BOC -+ - K/ X
K/N% : N\<
' R1. . Ry

P = Protecting group

h

However here the overall chemical and optical yield reported is low and there is
no mention of stereoisomeric yield. ' |
Another process for preparation of compound of Formula (1) in its (R) form is
disclosed in WO 2004087650 which involves the formation’ of chiral
10 benzyloxyazetidinone intermediate, which later through subsequent steps is converted
to the final product. In this process, chiral reagents have been used from the beginning.
WO 2004085661 describes another process for preparation of chiral beta amino
acid derivatives including compound of Formula (I) in its (R) form. Here S-
phenylglycme amlde (S-PGA) as a chiral auxiliary-is used to get pure Z- -enamines from
15 . diketone. Here a metal catalyst like PtOz is used, which is expenswe and high pressure
is reqwred Here > 90% e.e is reported for the reduced amine. |
: - g - Ph CON H,
E e o _ Ph\,/CONH 3 W oo |
. /U\/u\N N NHz N N/\I¢N\ .
L ae <N B W F l\/N\<“

CF;
H, (90 psi). PO,

22 C, THF/MeOH

Ph CON H
F. NHy o £ Y ON Ha
‘ F
N . 20% PA(OH),/C, H o
N/Y \N —
: : i
F k/"% formic acid, s N /YN\N

Le,  MEOH/THE/H,0. 60 C ¢ K/“ Y

CF 3
PCT Publication No. WO 2004085378 and WO 2006081151 describe a process -

. of preparation of chiral beta amino acid derivatives which includes compound of

2
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1
Formula (I) in its (R) form. The product is prepared by an enantioselective reduction

via transition metal catalyzed asymnpetric hydrogenation at high pressure, of a prochiral
enamine. In WO 2004085378, hydrogenationlof enamine is carried out to get final
product using special catalysts such as R.S t-butyl Josiphos, as given below (I1V), and
5+ ‘another spécial catalyst is used in- PCT Publication No. WO 2006081151 as given
below (V), ' . '

R v
PRSRG: . Me
Fe PR @/*"*\P“B“k

A) ' - ro P(Ph)
Q ® | ’ ' @ 4] |

The chiral purity of the product after reduction is claimed to be > 70 % e.e. The

O s Fw

R.S.t-Bu Joshiphos N
_RS.t-Bu Jost NN

H,, MeOH, 200 psi, Y

. N
s0°C ] ~ ~

scheme is depicted below:

PCT Publication No. WO 2005097733 describes a process of preparation of
compound of Formula (1) in its (R) form by asymmetric hydrogenation using Rhodium .
metal precursor complexes with chiral mono or bisphosphine ligand. Such mono and

bis phosph}ine Iigand discloséd are depicted below:

s . 2 Re

: OO o K ‘O o X

. . F__N\ or P'—‘N\ .

N OS WL GO G
N Re Re

Monophosphine ligand

w

qie Ri6

o @_;PQ o R ‘@fpgj

' R A*
Bisphosphine ligand
But in all the above processes, the chiral metal catalysts and the
20~ diastereoselective catalysts used are very difficult to prepare and are very expensive.

The conditions in which the reactions are carried out are extreme i.e. at high pressure,
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high temperature, etc. Hence there is a need in the art to develop a simple and efficient

- process for the bulk. production of compound of Formula (I). -
PCT Publication No.iW02009084024 discloses process for the preparation of
compound of Formula (1) and its pharmaceutically acceptable salts by resolving the
amine witﬁ a suitable resolving agent. Additionally, the same document also describes
-resolution of a racemic (50:30 mixture of R & S) amine with a chirally pure resolving
agent which gives dibenzolyl-L-tartaric acid diastercomer of Formula (1) having ratio E

of (R) and (S) isomers 50: 50 (racemic mixture).

, Of course, by subsequent solvent treatments the desired diastereomer is
obtained by repeated recrystallization to get a chiral purity 85-90 %. (Example- 5a, 5b
and 5c¢) : ‘ '

PCT Publication No. WO2009085990 discloses proéess for the preparation of
compound of Férmula (1) and its pharmaceutically acceptable salts, wherein the
resolution was carried out with of di-p-tolyl-L-tartaric acid. Process as disclosed in
W02009085990 involves the use of sodium cyanoborohydride with methanolic HCI
(Example 4) during reductlon step which may lead to generation of HCN gas.
Naturally, generation of such toxic gases can be difficult to manage at large scale level.

PCT Publication No. WO2010032264 discloses the compound 3-hydroxy-1-(3-
(trifluoromethyl)-3,6-dihydro-[1,2,4]triazolo[4,3-alpyrazin-7(8H)-yl)-4-(2,4,5-

_trifluorophenyl) butan-1-one (1V). The same application also discloses process for the

“preparation of the 3-hydroxy-l—(3-(triﬂuoromethyl)-5,6-dihydro-[],2,4]triazolo[4,3l-

_a]pyrazin-7(8H)-yl)-4-(2,4,5-trifluorophenyl) butan-1-one (IV) by using chemical

“reduction method, the reduction is performed by a suitable borane édntaining reducing
agent, in absence or presence of an acid in a suitable solvent to obtain 3-hydroxy-1-(3-

' (triﬂuoromethyl)‘-5,6-dihydr0-[ 1,2,4triazolo[4,3-a]pyrazin-7(8H)-y1)-4-(2,4,5-

: trifluorophenyl) butan-1-one. The"process ié illustrated in scheme given below,

F F

F. F.
(o] 0 Borane OH 0O
containing ’

N /Y N\ reducing agent ‘ N /YN\
F I\/ g F ‘\/ :
:or metal salt
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Moreover the W02010032264 only provides the racemic vform of 3-hydroxy-1-
(3-(trifluoromethyl)-5,6-dihydro-[ 1,2 4]tr1azolo[4 3-a]pyrazin-7(8H)- yl) -4-(2,4,5-
trifluorophenyl) butan-1-one (Formula Iv).

2805/MUM/2010  provides two  enantiomers of  3-hydroxy-1-(3-

(trifluoromethyl)-5.6-dihydro-[ 1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl)-4-(2.4.5-
trifluorophenyl) butan-1-one of opposite chirality of the fbllowing Formula,

F
F. :
OH O F

/YN OH O
N '! N
Ce Y R QW
CF,3 ‘ (Vb » CF

’ 3

WO2010122578 disclosed process for the preparation of formula (1) in optically
active (R) form. The process involves. the steps wherein all the intermediates are
obtained in (R) configuration ﬁ‘ﬂom‘(R)-isomer of starting matéi‘ial with retention
throughout all the steps. Such a reaction proposition is difficult to follow. [See for refs.
1. Tetrahedron Assymetry, vol.3 (12), 1475-1504 (1992); 2. Russian Chem. Rev, 73(6),
p-581-608 (2004). 3. Reagents for Organic Synthesis, Vol.5, p-728-729, Joh;l Wiley &
sons by-Fieser & Fieser. 4. Advanced organic chemistry p-294-297 & 346-347, 4"
Edition, John Wiley & Sons. By-Jerry March].

W02011049344 and WO201 102640 discloses processes for the preparatlon of
compound of formula (l) by using chemical method.

EP2397141 discloses process for the preparation of 3 hydroxy-1-(3-
(triﬂuoromethyI)-5,6-dihydm-[ 1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl)-4-(2,4,5-
trifluorophenyl) butan-1-one of formula (IV) and also compound of formula (I)
comprising, (i) th'e_v (S)-epihalohydrin reacts with 1-metalo-2,4,5-trifluorobenzene to
form halohydrin (ii) a conversion of halohydrin into cyanohydrin by reaction with
cyanide anion (iii) hydrolysis of cyanohydrin leading to carboxylic:derivatives (iv)
which on amidation process with amines pfovid"es compound of formu[a (IV), which is
further converted to formula (I). '

The drawback associated with - this process is a particular- enantfomer of
comeund of formula (IV) is separated off by chiral chromatography jWhich make the
proceés less efficient to prepare the compound of formula (I) at léw cost. Such a
process using chiral chroma;ogfaphy, additionally are difficult to handle at large scale

and moreover these are not environment friendly.
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Several of the above processes either have a problem of low yield and purity or
having improperly stated confi ouration of intermediates or, are difficult to carry out on a
commercial scale and are expensive. Hence there is a hlgh unmet need to develop a

process which prov1des the compound of . Formula ([) ) in either |ts racemic (R/S) form

or any of its optically active (S) or (R) forms or enantiomeric €xcess mlxture of any of

the for_ms at low cost and which should be environment friendly, scalable, and
industrially applicable. The present invention provides a process which is efﬁcient, cost
effective and does not result in impure product, thus making the process amenable for
commercial scale use. | - | |

The enzymatic reduction processes in which the enzyme acts as a reduction
catalyst are enwronmentally advantageous compared to the process as described in the
EP2397141. The use of the enzymes'is also typically lower in cost than the process as
in EP2397141. Enzymes can have a unique stereo Selective propertS; of producing only
one enantiomer of compound of formula (IV) with good chiral purity and therefore no

need to do chiral chromatography. The use of compound of formula (IV) prepared by

~ enzymatic route, as a starting material for the preparation of formula (I) is also |

advantagous because the purity of starting material plays an important role in the

preparation of formula (I), in high yield and better purity. Thus the present process

- overcomes the problem of the prior art.

We herein dlsclose a process for the preparation of compound Formula (l) into

its racemlc (R/S) form or any of its optically active (S’) or (R) forms or enantiomeric

excess mixture of any of the forms by using compound of Formula (IV), which is

obtained by enzymatlc conversion, in racemic (R/S) form or any of its optically active

(S) or (R) forms or as an enantiomeric excess mixture of any of the forms. We herein-

_also disclose some of the novel intermediates generated during the process for the

preparation of compound Formula (l);
SUMMARY OF THE INVENTION _

In one general aspect there is provided a process for the preparation o'f
compound Formula (1) either in its racemic (R/S) form or any of its optically active (S)
or (R) forms or enantiomeric eégcess mixture of any of the forms. The process includes:
a) t'eacting '4-oxo-4-[3-(triﬂuoromethyl)-5,6—dihydro[1,2,4]triazolo[4,3-a]pyrazin-
7(8H);yl]-l'- (2,4,5-trifluorophenyl)butan-2-one of forrnula (V) or its metal ion salt

PCT/IN2012/000299
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Fdrmulé V)

with suitable enzymes or its variantéfth_at reduce a ketone to form an alcohol, by.
maintaining under suitable conditions, .td obtaiq 3-hydroxy-1-(3-(triﬂuoromethyl)-5,6-
dihydro-i[ | .2,4]triazol0[4,3’—a]pyrazin-7(8H)-yl)-4-(2,_4,5-triﬂuor‘ophenyl) butan-1-one
of formula (IV), in racemic ('R/S) form or any of its optically active (S) or (R) forms or
their enantiomerically excesslmixtur_es. _ v

(b) | reacting 3-hydroxy-1-(3-(trifluoromethyl)-5,6-dihydro-[ 1,2,4]triazolo[4,3-
a]pyra'zin-7(8H)-yl)-,4-(2,4,5-triﬂuor'ophényl’) butan-1-one of Formula (IV) either in its.
racemic (R/S) form or any of its opﬁcally_ active (S) or (R) forms or enantidmeric

excess mixture of any of the forms

F (IV) ‘. U\(N

with suitable reagents that activates the hydroxyl group, wherein suitable conditions
are 'maintained depending on the corresponding reagents being used, to obtain

compound of Formula (II) wherein ‘R’represents a suitable leaving group as defined

elsewhere in the speciﬁcation, with retention of configuration;

F ' j(u[.) O/\(N

(c) optionally, isolating the compound of Formula (11I); .
(d) com)erting compound of Formula:(lll) to compound of Formula (II) with inversion
of configuration, wherein R, is as deﬁned:el'sewhére in the specification, by using

suitable amine equivalent. optionally with additives in suitable solvents depending on

the R, group to be introduced;

PCT/IN2012/000299



20

25

WO 2013/065066 PCT/IN2012/000299

»(m _ K/:N.\(

(e) suitably deprotecting or reducing the compound of Formula (II) or employing other

suitable chemistry to obtain compound of Formula (I) having NH; group with retention

- of configuration.

) 'optionally, the compound of Formula (V) is directly converted to the compound of
Formula (I1) with inversion of configuration, by using suitable amine equlvalent
optlonally with suitable additives in suitable solvents.

(g) optionally, the compound of Formula (H) is directly converted to the compound of
Formula (I) with inversion of configuration, by using suitable amine equivalent.

In another general aspéct there is ‘provided a compound of Formula (III) in
racemic (R/S) form or any of its optically active (S) or (R) forms or their
enantiomerically excess mixtures and compéund of Formula (1I) in racemic (R/S) form
or any of its optically active (S) or (R) forms or their enantiomerically excess mixtures
and their use for the preparation of compound of Form-u.la (D.

In another general aspect there is provided‘ a process for the preparation of
pharmaceutically acceptable salts of compound of Formula (1) ‘ |

In another géneral aspect there is provided a process for chiral enrichment of
pharmaceutically acceptable salts of compound of Formula (1).

The product so obtained may bé further or additionally purified by suitable salt
formation, diastereomeric salt formation or by purification using suitable solvents or
other techniques known to obtain desired purity levels.

The process‘may.include further formulating the product so obtained into a
finished dosage form. o ‘ _

The details 6f one or more embodiments of the invention are set forfh in the
description below. Other feétures‘ objects and advantages of the invention will be
apparent from the description and cylla_im's.

DETAILED D.ESCRIPT[ON OF THE INVENTION
As used herein, the term “reflux temberature” refers to the boiling pbint of the

solvent. : ’ . ,»
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As used herein, the term “compoUﬁd of Formula (I) ™ refers to 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[ 1,2,4]-triazolo[4,3-a]pyrazin-7(8H)-yl]- 1-(2,4,5-
triﬂuorophenyl)butan-z-aminie in racemic (R/S) form or any of its optically active (S)
or (R) forms or their enantiomerically excess mixture. ' |

- As used herein, the term “'THF” refers to tetrahydrofuran, the term “DCM”

refers to dichloro methane, the term “DMF” refers to dimethyl formamide, the term
“DIPE” refers to di-isopropyl ether, the term “MTBE” refers to methyl t-butyl ether,
the term “DMSO” refers to dimethyl : sulfoxide, the term “DMA?” lrefers to'
dimethylacetamide, the term “IPA” refers to isopfopyl alcohol, the term TEA refers to
Triethylamine, the term LDA refers to Lithium diisopropylamide, the term KHMDS
refers to Potasssium hexanﬁethyldisilazané, the term DABCO refers to 1,4-
diazabicyclo[2,2,2]octane, the term HMPA refers to Hexamethylphosphoramide, the
term DIAD refers to diisopropyl azodicarboxyiate, the term DBN reférs to 1,5-
Diaz!abicyclo[4.3.0]non-S-ene, the term DBU refers to 1,8-Diazabicyclo[5.4.0]undec-7-
ene the term Aliquat refers to Trioctylmethylammonium chloride, Adogen refers to
Methyltrialkyl(Cg-Cm)ammopium chloride, the term PEG refers to Polyethylene glycol,
the term TDA refers to I-Tris(3,6-dioxaheptyl)amine.
The term Lindlar catalyst refers to 5.0 % Palladium on calcium carbonate (poisoned
with lead), The term DMAP refers to Dilﬁethylamino pyridine, Co- factors include, for
example, nicotinamide co-factors such as nicotinamide adenine dinucleotide ("NAD"),
reduced nicotinamide - adenine dinucleotide ("NADH"), nicotinamide adenine
dinucleotide phosphate ("NADP+"), reduced nicotinamide adenine dinucleotidé
phosphate ("NADPH").

The inventors have de;/eloped 5 process for the preparativon of compound of
Formula (1) either in its racemic (‘R/S) form or any of its optically active (S) or (R)
forms or enantiomeric excess mixture of any of the forms. The process includes:

a) . reacting  4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-

“7(8H)-yl]-1- (2,4,5-trifluorophenyl)butan-2-one of formula (V) or its metal ion salt
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N

="\

E | | K/N ,/N.

CF,

Fdrlnula V)

with suitable enzymes or their variants tha_t réd‘u,ce a ketone to form an alcohol, by
maintaining under suitable -conditions, to ébfain 3-hyd|'oXy-l-(3-(triﬂuoromethyl)—5,6-
dihydro-[1 ,2,4]triazolo[4,34a]pyrazin-7(8H)-y:.l)-4-(2,4,5-triﬂuo:rophenyl) butan-1-one
of compound of formula (IV), in racémic (R/S) form or any of its optically active (S)
or (R) forms or their enantiomerically exceéé mixtures;

(b) reacting 3-hydroxy-1 -(3-(triﬂuoro‘methyl)-5,6-dihydro-[ 1,2,4]triazolo[4,3-
a]pyrazin-7(8H)-yl)-4-(2,4,5-triﬂuoropheh_yl);butan-1-one of Formula>(lV) either in its
racemic -(R/S) form or any of its opticéllly active (S) or (R) forms or enantiomeric

excess mixture of any of the forms of Formula (V)"

F V,(l%/')_ T\//T\(N

with suitable reagents that activate the hydroxyl group, by maintaining under suitable
conditions, to obtain compound of Formula (III) wherein “R’ represents a suitable
leaving group such as caboxylate, sulfonate, phosphate and oxyphosphonium ion etc.

with retention of configuration;

) N :

(c) optionally, isolating the compound of Formula (I11); |

(d) éonveﬂing compouid of Formula (lll) to compound of Formula (II), wherein R; is
selected from an azido group, cyclic imido group, aralkylamino group and _sulfonamidb
group with inversion of configuration, by using suitable amine equivalent optionally

with additives in suitable solvents;

PCT/IN2012/000299
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a K/)‘/\(N

(e) Isuitably deprotecting or reducing the compound. of Formula (II) or employing
suitable chemistry to obtai-nvcom'pound of Formula (I) having NH, group with retention
ofcohﬁguration;. _ | . '
(f) optionally, the compound of Formula (1V) is diréctly converted to the compound of
Formula (II) with inversion of conﬁguration, by using suitable amine equivalent;
optionally with suitable additives in suitable solvents.
(g) optionally, the compound of Formula (ill) may be directly converted to the
compound of Formula (I) with inversion of configuration, by using suitable amine
équivalent. ‘ B | |
The process is further exemplified below: |
Step-(a) |

In general, the reaction of compo'undv of Formula (V) or‘ its suitable metal ion

salts with suitable enzyme to give (Sdmpound of Formula (1V) in racemic (R/S) form or

any of its optically active (S) or (R) forms or their enantiomerically excess mixtures

can be carried out using suitable polypeptides.'

‘ The metal ion salt of compound of formula _(V) is selected from Na, K, Li, Mg,
Ca, Zn, Cu and like. | |

In one embodiment of the present invention the polypept'ide having desired

enzymatic activity and varia;its théreof can be isolated from suitable bacteria, yeast or
fuhgi. In one embodiment thé suitable po]ypeptid'es having enzymatic activities are
selected from oxidoreductases. In a préferfed embodiment -suvitable. ‘enzymes are
selected from aldo-keto reduétases. In anothér embodiment, suitable enzymes are
selected from dehyd'rogenases. In an embodiment the NAD(P)" dependent reduqtase l|S
selected from the Saccharomyces .‘s'pec'z'esf'_ ‘In an another preferred embodiment
NAD(P)" dependent reductasé is selected (d'efived) vfrom'Saccharomyces' cerevisiae and
having Genebank id:- NP_01-2630.1. In an another préferred embodiment NAD(Pf
dependent alcohol dehydrogenase is seléc_;ted (derive’d) from Saccharomyces cerevisiae
and having Genebank id:- NP_.013953.'I, NP_014763.1, NP_011972.1, NP_014068 and
NP_011330.. | .
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In a preferred embodiment, the 3-hydroxy-l-(3-(triﬂuOromethyl)-'5,6-dihydro- :
[l,2,4]triazolo[4,3—a]pyrazin-7(8H)-yl)-4-(2,4,5-triﬁuorophenyl) .butanél—one ‘ of
compound of formula (1V), in racemic (R/S) form or any of its optically active (S) or
(R) forms or their enant:iomericalvly excess mixtures was prepared as per method similar.
to that disélosed in batent application No. 2805/MUM/2010.

In general, the reaction of compound of Formula (IV) with suitable reagent to
give' compound of Formula (IM1) having a sﬁitable leaving group ‘R’ as defined earlier,
with retention of configuration, may. be carrled out using a suitable reagents, suitable
base arid suitable solvents. |

Su1table reagents which_ can be used in step (b) may include one or more of
suitable acid chlorides such as acetyl chloride, benzoyl chlorid_es énd substituted
benzoyl chloride such as p-nitrobenioyl chloride and the like: anhydrides such as acetic
anhydride, triﬂuoroaéétic anhydride, triflic a‘nhydride and the like; sulfonyl chlorides
such as , 2,2,2-triﬂuordéthanesulfonyl chloride, benzenesulfonyl chioride, substituted
benzenesulfonyl chlorides such as p-to.luene'sulfonyl chloride, p-nitro benzenésulfon)ql
chlorides and the like; acid chloro phosphates such aé diethyl chloro phésphate and the
like. | |

The compound of Formula (I1I) wherein ‘R’ represents suitable leaving group
as defined earlier, was p_repared with retention of configuration. )

In one embodiment, the compound of Formula (lil), wherein ‘when ‘R’
représents a caboxylate leaving group such as ~OCOCHs, -OCOCF;, ;OC(O)OEt, -
OCOPh, substituted -OCOPh etc. wés preparéd with retention of conﬁi’uration from
the compound of formula (lV) by reactmg with su1table acid chlorides such as acetyl
chlorlde benzoyl chlorides and substltuted benzoyl chlorlde such as p- mtrobenzoyl»

chloride and the like; anhydrides such as acetic anhydride, trlﬂuoroacetlc anhydride,

 triflic anhydride and the like in suitable solvents in the presence of a base.f

In another embodiment; the compound of Formula (IHI), wherein ‘R’ represents

* suitable sulfonate leaving ‘group such as -OSO,CFs;, -OSO,CH,CF;, -OSO,Ph,

substituted ~OSO,Ph, etc. was prepared with retention of 'conﬁgufation from thé

- compound of formula (IV) by reacting.'wi'th suitable sul-fohyl chlorides such as

methanesulfonyl chloride, 2,2,2-trifluoroethanesulfonyl chloride, benzenesulfonyl

chloride and substituted benzenesulfonyl chlorides such as p-toluenesulfonyl chloride,
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p-nitro benzenesulfonyl chlorides and the like, in suitab_le solvents in presence of a
base. | | |

ln another emb'odiment, the compound of FOrmuIa_.(lll), wherein ‘R’ represents

suitable phosphate leaving group such as —QP(O.)(OEt)é _wasprepared with retention of
configuration from the compound of formula ([V')‘» by reacting with suitable chtoro
phosphates such as diethyl chloro phosphate in Suitable solvents in the presence of a
base with.or without suitable additives.
Suitable solvents which can be used at step-(b), when ‘R’ represents a caboxylate;
'sulfonate and phosphate may include one or more of ethers such as diethyl ether, l. 4-
dioxane dimethoxy ethane, DIPE MTBE, THF; chlorlnated solvents such as
chloroform dichloromethane, dichloroethane; nltrlles such acetomtrlle hydrocarbons
such as hexane, heptane, cyclohexane toluene, xylene, chlorobenzene; aprotlc polar
solvents such as DMF, DMA; N-methyl pyrrolldone pyridine and the like or their
suitable mixtures. - .

Suitable bases which-can be Jused at step-(b), when ‘R’-represents a caboxylate,
sulfonate and phosphate. may be- selected from C'(l_s) alkyl amines, Cq.s) substituted
alkyl amines such as triethyl amine (TEA), diisopropyl amine, diisopropylethyl amine,
heterocyclic saturated or unsaturated amines, preferably morpholine, piperidine,'
pyrollidine, DBU, DBN, l,4-diazabicyclo[2,2,2]octane, dimethylamino pyridine and
pyridine; hydrides such as NaH; n-BuLi, LDA and KHMDS and the like or mixtures
thereof. | _

The reaction mixture in step (b) is maintained at -10 to 70 °C. Preferably, the
temperature is at -10 to. 50 °C. | N o

[ Optlonally, the reaction of step-(b) may be carried out in an inert atmosphere
such as Na, He or Ar. The duration of the reactlon may be from | to 24 hrs, more
specifically 2 to 8 hrs.

. In another embodiment, the compound of Formula (IlI) was prepared with
retention of configuration, wherein ‘R’ represents the oxyphosphonium ion leaving
group [e.g. '-O'P+Ph5] which s generéted in" situ using phOsphines with
azodicarboxylates or a7oam|des from the compound of Formula (IV) in suntable'
solvents (Mitsunobu leactton)

An oxyphosphonium ion leavmg group can be generated in situ by reactmg

suitable phosphines such as, trtalkylphosphln_e such as tributylphosphine, - tri-t-

butylphosphine, .trihexylphosphine, ‘-vtrioct'ylphosphine, cyanomethlenetri-n-

~
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butylphosphorane; cycloalkylphosphine such as tricyolohexylphosphine,

dicyelohexylphenylphosphine, or arylphosphine such as triphenylphosphine,
dioyclohexylphenylphosphine. " diethylphenylphosphine, . 4-
(dimethylamino)phenyldiphenylphosphine,. . diphenyl-2-pyridylphosphine,

* isopropyldiphenylphosphine with -azddicarbOxylates such as diethylazod'icarboxylate,v.

diisopropy! azodicarboxylate, ‘d.imethyl azodicarboxylate, dibenzyl azodicarboxylate,
bis(2.2,2- trlchloroethyl)azodlcarboxylate or with azoamides such as 1,1’
(azodicarbonyl)dipiperidine, N,N,N’ N’—tetramethylazod1carboxam1de (Mitsunobu
reaction) by techniques known in the art. '

Suitable solvents which can be used in Mitsunobu- reaction of step-(b) may
include one or more of ethers 'such as diethyl ether, 1,4-dioxane, dimethoxy ethane,
diethoxy ethane. DIPE, MTBE, THF, 2-methyl tetrahydrofuran or their suitable
mixtures. . ' '

The reaction mixture in step (b) is mamtamed at -10 to 50 °C. Preferably, the
temperature is at -10 to 30 °C. ’ »

Optionally, the reaction of step (b) may be carried out in an inert atmosphere
such as N, He or Ar. The duration of the reaction may be from 1 to 24 hrs more
specifically 2 to 8 hrs. '

The compound of Formula (1), wherein ‘R’ represents a leaving group as
defined earlier, can be isolated or it may be generated in situ. | V
Step-(d)

The conversion of Formula (I‘ll);‘to compound of Formula (1) where R, is as
defined earlier with mversnon of . conf'guratlon may be carried ‘out using a suitable
amine equwalent in presence of su1table solvents and optlonally in the presence of
suitable additives.

Suitable amine equivalent wlﬁch can be used in step-(d) may include -N3 (azide), cyclic
imides, araalkyamine, sulfonamide and the like. |

Suitable azides which can be used for preparation of compounds of formula (I1)-
may be selected from HN . NaN3, L|N3, Zn(N;)z, Cu(N;)z Tetrabutylammomum azide
etc.; Suitable cyclic imides which can be used for preparation of compounds of formula
(I1) may be selected from phthalimiide, succinimide etc.; Suitable araalkylamine whicﬁ
can be used for preparation of compounds of formula (11) may be selected from
benzylamine, p-methoxybenzylamine, oa-'methylphenethylamine, tritylamine  etc.;

14 ' ‘ o ;
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Suitable sulfonamide which can be used for 'prepara'tion.of compounds of formula (1I)
may be selected frbm p-toluene sulfolnam_ide,»sulfami’c acid, N-(t-butoxycarbonyl)-p-
toluenesulfonamide and the like. _ | |
In an e‘mbodiment,&tlie compound of Formula (II) where R, is N3 can be.
5  obtained by reacting the compound of fornjuia (lll'j' with-suitable azidating agents like,
HN;, NaNj;, LiN;, Zn(N )2 Cu(N3), Tetrabutylammonium azide etc. in suitable .
solvents. SR _ "

Suitab'le so‘lvents which can be.used_ 1n step-_(d)t_ where R is —N; may include
one or more of ethers such as 1,4-dioxane, dimethoxy ethane, THF; esters such as ethyl
.~-10  acetate, n-butyl acetate jartd isopropyl a_cetate; chlorinated solvents such as chloroforml,

dichloromethane, dichloroethane; hydrocarbons such as hexane, vheptane, cyelohexane,
toluene, xylene, chlorobenzene; aprotic polar solVentssuch as DMF, DMA,‘ DMSO; N-
methyl pyrrolidone, pyridine, HMPA ’an'dthe(_like, water er their suitablé mixtures.

In an"embodiment, the compound'ef Formula (11) where R, is suitable cyclic

15 imide can be obtained by reéctingthe'cémpoundi of Formula (Ill) with cyclic imides

like phthalimide, succinimide etc. in suitetbte solvents. ' , |
In another embodiment, the _'com.'pound of Formula (II) where R, is an
aralkylamine can be obtained by reacting the 'compound of Formula (IlI) with
araalkylamine like benzylalinine, p-methox__ybenzylamihe, o-methylphenethylamine,
20 tritylamine, etc. in suitable solvents.’
The compound of Formula (II) where Ry is sulfonamide can be obtained by feacting
the compound of Ferm'tlla (lll) with suitable sulfonamides like p-toluene sulfonamide,
sulfamic acid, N-(t- butoxycarbonyl) -p- toluenesulfonamlde etc. in su1table solvents
The suitable solvents, where R, is cychc lmlde aralkylamme sulfonamlde may
25 be selected from ethers such as dlethyl etlter, 1,4-dioxane, dlmethoxy ethane, THF;
chlorinated solvents such as clllorot;orm; dichlororﬁethane; diehloroethane; nitriles such
as acetonitrile; hydrocétbon‘s such as hexane, heptane, cyclohexane, toluene, xylene,
chlorobenzene; aprotic polaf solvents sueh as DMF, DMA, DMSO; N-methyl
pyrrolldone HMPA, pyridine and the Ilke water or their suitable mixtures.

" 30 Optlonally suntable addltlves may ‘be added in step (d) to enhance the
conversion. Such additives may be selected from those ‘known in the art, such as
suitable phase transfer catalysts like, trlalkyl ammomum hahdes tetraalkyl ammonium
halides, trlalkyl ammomum acetates, tetraalkyl ammonium acetates, trlalkyl ammonium
hydroxides, tetlaalkyl ammonium hydromdes trlalkyl ammonium sulfates, tetraalkyl

R



20

WO 2013/065066

ammonium sulfaties, ,trialky.i ammonium tetrafluoroborate, tetraalkyl ammonium
tetrafuloroborate, trialkyl phosphonium halides, tetraalkyl phosphonium halides,
tetrapenyl phosphonium halides , pyridinium halides, Aliquat , Adooen crown ethers,
silicon analouges of crown ethers, PEG, TDA- l etc. - '

The reaction mixture in step (d) is maintained at .-l>O_t0 100 °C. Preferably, the
temperature is at -10 t0-30 °C. - i o

‘ Optionall'y, the reaction of ste.p-'(d) may be carried out in an inért atmosphere

such as N, H‘e 6r Ar. The :ci'uration:of thve”reaction may be from | to 48 hrs, more.
specifically 2 to 24 hrs. | .

The compound of formula (l) éan be obtained from the compound of formula
(II) either by reductlon and/or deprotectlon or employm<I su1table chemlstry as

discussed herein under. ' o ' r

. The compoound of Formula D is prepared with retention of conﬁguratlon by reduction

of the compound of" Formula (ll) when Rl is —N3. The reduction of compound of
formula (II) when R; is —N; may be carried out using suitable reagents and suitable
solvents. | |

Reduction of the compound of Formula_. (I1)y when Ry is —Nj b!y standard .
techﬁiques reported in- the ‘literature provides the compound of Formula (). The
suiiablg reagent may be selected from precious metal catalyst like, Pd/H,, Pt/Ha,
Pd/ALOs, Pd-CaCOs, Pd(OH), PdO, PtO;, Pd-C/HCOOH, = Pd-C/HCOONH,,
Pd(OH),-C/N;Hy. Pd-C/NaBH4 . Lindlar catalyst; Metal \catalyst like, Mg, Ca, Zn, Zn-

~ HCI, Zn-CH;COOH, SnCl. SnClz/thiophenol Zn/NH4Cl, Zn/AICI3; Boron containg

reducing agents hke ‘BH;, NaBH4, LlAIH4, Zn(BH4)2 HBClz Me»S LlBH;NMez,'
NaBH4/Pha§¢ Transfer Catalyst NaBH4-exchan0e resin, NaBH4/NiCl,.6H,0,
NaBH4/1\Ii(OAcz), : NaBH4/ 13- propanedrthlol sulfur compounds like
HS(CHﬂ;SH/Et;N, PhSH; Phosphorous comp_ounds like PPhsy/NH4OH; (See for refd.
(I) Comprehensive organic trénsformations, 2nd Edition, 815-819, Publisher-WILEY -
VCH, By-Richard C. Larock. (IF) Comprehensive organic Synthesis Vol. 8-Reduction,
383-386, Publisher- Pérgarno_n Press, By-Barry M. Trost and lan” Fleming. (III)
Hanbook of reagents for_.organic syn‘th'esis-O.xidizing and Reducing agents, 6, John
Wiley & Sons, By-S.D. Burke and R. L. Danheiser). |

Suitable solvents which can be used at step-(¢) may include one or more of

" alcohols such as methahol, ethanol, isopropanol, butanol, 1,2-dimethoxy ethanol, 2-

PCT/IN2012/000299
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methoxy ethanol, 2-ethoxy ethanol and ethylene 0lycol ethers such as diethyl ether,
1,4- dloxane dlmethoxy ethane, DIPE, MTBE THF and the like, water or their suitable
mixtures.

-The reaction mixture m step (e) is mamtamed at 0 to 80 °C. Preferably, the

- temperature is at 20 to 40 °C.

Optronally the reaction of step-(€) ‘may be-carrled out in an inert atmosphere
such as Nz, He or Ar. The duratlon of the reactlon may be from 1 to 48 hrs more
specrfcally 5to 24 hrs. ' '

Deprotectron of the protected compound of Formula (II) when R, is cycllc,

imido group, araall\ya_mm_o group, carbamate group, hydroxyl ‘amino  group,

alkenylamino group, sulfOn‘amido group etc. as defined earlier, may be carried out by
standard technlques reported m the literature provrdes the compound of formula
(I).(See for e. g Protection and Deprotectlon of ammes in Text book -Title: Protective -
Groups in -Qrgamc Synthesis, 3rd Edl.tron, John Wiley & Sons, By-T.W. Grene and
Peter G. M. Wuts). |
The conversion of Formula (IV) to compound of Formula (I1) having group R;
as defined earlier with inversion of conl'rguration may be carried out in one step using a
surtable amine equivalent with suitable reagents, suitable solvents and optionally in the
presence of suitable- addmves
Suitable amine equivalent used may be selected from cycllc imides, araalkyamme etc.
The compound of formula (1) where R, is cyclic imides can be obtained by

reactlng the: compound. of formula (lV) with cyclic imides via oxyphosphomum ion

' formatlon whlch is generated in situ using su|table phosphmes with azodicarboxylates

or azoamldes (Mltsunobu reaction). The cyclrc ,rm_ldes like phthalrmlde, succinimide
can be used. ; : |

" The compound of formula (II) where_ Ry is aralkylamihe can be obtained by
reacting the compound ”of formula (lV)v wlth suitable -aralkylamines via
oxyphosphonium ion formatlon which is generated in situ using suitable phosphmes _
with azod|carboxylates or azoamides (Mrtsunobu reaction). The araalkylamme llke :
benzylamine, p-methoxybenzylamine, oc-methylphenethylamme, tritylamine, etc can be
used. ' | '_

The compound of Formula (ll) where R, 1s sulfonamide can be obtained by
reactmg the compound of Formula (111) wrth su1table sulfonamrdes like p- -toluene

17
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sulfonamide, sulfamic acid, NQ(f-butoxycarbg;nyI)-p-tolﬁenesdlfonamide etc. in suitable
solvents. ' | | . ’

An oxyphosphonium ioﬁ leaving group can be generated in situ by reacting -
‘trialkylphosphiﬁ'e such as tributylphbsphine, tri-t-butylphosp.hi'ne, trihexylphosphine,
trioctylphosphine,‘ cyan}omethIe'netri-n-butylphosphorane'; cycléalkylphosph‘ines such as
tricycldhexylphosphine,»'dicyclohexylphenyflphosphine, or arylphosphine such as
triphenylphosphine, .dicycl'ohexylphenylphosphihe, diethylphenylphosphine,  4-
(dimethylamiho)phériyldiphenyiphos.ph'i,he, o diphehyl—2-pyridylphosphine,
isopropyldiphenylvp‘hosphine; .With azc_Sdic.ar'bokylates‘ such as diéthylazodicarboxylate-,

diisopropyl azodicarboxylate, dimethyl - azidicarboxylate, diberiZyl azodicarboxylate,

.bis(2,2‘2-trichloroethyl)'azadi(.:ar‘boxyléte or with azoamides such as 1,1’

(azodicarbonyl)dipiperidine, ~ N.N,N’,N’-tetramethylazodicarboxamide  (Mitsunobu
reaction). | N ) - o
Suitable solvents which can bé:used in Mitsuhobu‘ reaction: of step-(f) may include one -
or more of ethers such as diethyl éthe‘r-, 1 ,4-didxane, dimetho'xybethane, diethoxy
ethane, DIPE, MTBE, THF. 2-methyl tetrahydrofuran or their suitable mixtures.
The reaction mixture i_n.s'tep (f) is maintained at -10 to 50 °C. Preferably, the
temperature is at -10 to 30“(, ) - | |
Optionally, the reaction of step-(f) may be carried out in an inert atmosphere
such as N>, He or Ar. The duration of'the' reaction may be from 1 to 24 hrs, rﬁore

specifically 2 to 8 hrs.

- Optionally, suifab_le additiyes can be selected from phase transfer catalysts like, trialkyl

ammonium halides, tetraalkyl ammonium halides, trialkyl - ammonium acetates,

 tetraalkyl ammonium acetates, trialkyl amm(_jnium hydroxides,. tetraalkyl ammonium

hydroxides, triélkyl ammonium sulfatés;:" tetraalkyl ammonium sulfates, frialkyl
ammonium tetrafluoroborate, tétraal.kyl, ammonium tetra:fulor(.)borate, trialkyl
phosphonium halides, tetra;alkyl ph‘os.phonium - halides, tetr?phenyl phosphonium
halides, pyrii_diniumbhal‘ides,-. aliquat, adogen, crown ethers, silicon analouges of crown
ethers, PEG, TDA-1 etc;‘ | : ‘

| The cdmpound of Fdrmula (111) can. be converted diréctly to compound of
Formula (I) with inv.ersio'n of cohﬁgurati_oh 'using ammonia or suitable ammonium salts
in suitable solvents- andv optionally in-the présence of suitabl_e additives and under
pressure. | | | o

18
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Suitable ammonium salt which can. be used at step-(f) may mclude one or more of
ammonium acetate, ammomﬂm carbonate ammomum hydroxlde ammonium formate,
ammonium lactate, ammonium citrate .dibasic, ammonium carbamate, ammonium

'

benzoate.

" Suitable solvents whlch can be used at step-(g) may. include one or more of alcohols

such as methanol, ethanol, isopropanol, butanol, I,2-dimethoxy ethanol, 2-methoxy
ethanol, 2-ethoxy ethanol and ethylene .glycel; ethers such as diethyl ether, I,4-dioxane,
dimetho_xy ethane, DIPE, MTBE, THF and the like, water or their suitable mixtures.

The reaction mixture in step (g) is maintained at 0 to 80 °C. Preferably, the
temperature is at 20 to 40 °C.

Optionally, the’reactio‘h_ of step-(g) may be carried out'in an inert atmosphere
such as N», He or Ar. The duration of the reaetion may be from'1 to 48 hrs, more
specifically 5 to 24 hrs.. |
Optionally. suitable additives may be added to enhance the conversion. Such additives
may be selected from those known in the art, such as suitable phase transfer czitalysts
like, trialkyl ammonium halides, tetraalkyl ‘ammonium halides, trialkyl ammonium
acetates, tetraalkyl ammonium acetates, trialkyl ammonium hydroxides, tetraalkyl
ammonium hydroxides. triatkyl .anl1monium sulfates, tetraalkyl ammonium sulfates,
trialkyl ammonium tetrafluoroborate, tetraalkyl ammonium tetrafuloroborate, trialkyl
phosphonium halides, tetfaalkyl phosphoniufn halides, tetrapeny] phosphonium halides
, pyridinium halides, Aliquat ., Adogen, crown ethers, silicon analouges of crown ethers,
PEG, TDA-1I etc.

The product so obtained may be further or additionally purified by suitable salt

formation, diastereomeric salt formation or :by-puriﬁcation using suitable solvents to

obtain desired purity’ Ievels

The compound of Formula (I) thus obtamed is convened to its corresponding
acnd addition salts by reacting with correspondmg acids in suitable solvents.
The suitable solvents used for salt preparation may be selected from alcohols such as
methanol, ethanol, 1sopropanpl, butanol, 1,2-dimethoxy ethanol, 2-methoxy ethanol, 2-
ethoxy ethandl ethylene' glycol and the like; hydrocarbens such as hexane,
cyclohexane, toluene. chloro benzene and- like; esters such as ethyl acetate, |sopropyl
acetate & the Ilke nitriles such as acetonitrile & the like; ethers such as, DlPE 1,4-

dioxane,THF & the like: ketones such as acetone, MIBK and like; aprotic polar
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solvents such as DMF, DMSO DMA & the llke water and suitable mlxtures of one or
more of the solvents descrnbed above -
The suitable acid. used may 'bé selected from phosphoric' acid, HCI,

benzénesulfomc acid, p-toluenesulfomc amd 10- camphorsulfomc acid, tartaric acid,

' dodecylsulfunc acid, citric acnd maleic ac:d fumaric acid and the like.

The compound of Formula (l) thus obtained, is converted to its corresponding
diastereomeric salt salts by rciacting ‘with suitable chiral acids in suitable solvents.

Suitable chiral écids buse‘dffor the diastereomeric salfformatibn may be selected
from tartaric 'écid,v di-p-tolljoyl tartaric acid, dibenzoyltartaric acid, o-nitrobenzoyl
tartaric acid,'lactic acid, lO-éamphorsulfonic acid, 8-camphorsulfdnic acid, malic acid,
N-acetyl' glutamic acid, mandelic acid, o-aéetylmandelic acid, o-methylmandelic acid,

thiazolidine-4-carboxylic ~ acid, o-methoxyphenylacetic  acid,  a-methoxy-o-

'triﬂuoromethylphenylacetic‘-ac'id' 2-pyrrrolidone—S-carboxylié acid and the like.

Preferably the chiral acid used for resolutlon may be selected from tartarlc acid and
dlbenzoyltartarlc acid.

The suitable solvents used used for vthe diastereomeric salt formation may be
selected from suitable alcohols like methanol, ethahol, isopropahol, ibutanol, 1,2-
dimeihoxy ethanol, 2-methoxy ethan'.ol,; 2-ethoxy eth\anol? isoamyl avlcohol and ethylene
glycol; esters like ethyl | acetate and isopropyl acetate; chlorinated solvents like
chloroform and dichloromethane; nitriles like acetonitrile; hydrocarbons like toluene,
xylene and chlorobeni_ene: keto‘nés like acetone, methyl ethyl ketone: ethers like diethyl
ether, 1,4-dioxane, DIPE, MTBE, THF; aprotic polar éolvents such as DMF, DMSO,
DMA; water and their suitable nﬁxtures.

Suitable diastereomeric salt obtain above may bé further convertéd to its pure base b§
employing standard techniques in the art.

The compound of Formula (I) and its salt thus obtamed is purified by using
suitable solvents. _ -

The suitable solvents used for the purification may be selected from alcohols
like methanoI; ethanol, isopropanol, butanol, ],2<dimethoxy ethanql, 2-methoxy
ethanol, 2-ethoxy ethén'ol. ethylene glycol ‘and .ihe' like; esters Iike’lethyl acetate,
isopropy! acetate & the'like; chjlorin'a'ted. solvents l.ike chloroform, dichloromethane &
the like; nitriles - like' acetonitrile & the like; h_ydtocarbons like toluene, xylene,
chlorobenzene & the like; ketones Iik_e_aceton¢ & fhe like; ethers like diethyl ether,' 1,4-
dioxane, D'lPE, MTBE, THF & the' Iike;'aprotic poilar solvents such as DMF, DMSO,
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DMA & the like:; water and suitable mixtures of one or more of the solvents described
above.
The pure compound of Formula (I) thus obtained, is converted to its

pharmaceutically acceptable salts such as acetate, benzenesulfonate, benzoate,

" camphorsinlfonate; citrate, ethanesulfonate, fumarate, gluconate, glutamate, HBr, HCI,

isethionate, lactate maleate. malicate, mandelate, methanesulfon'ate mucicate, nitrate,

pamoate pantothenate phosphate, succmate sulfate, tar’(arate ptoluenesulfonate HI,

oxalate galactarate, Hemi-L-malate, D-ﬂluconate succinate. thiocyanate, aspartate

ethane dlsulfonat_e, pyroglutamate, glutarate, glycolate, L-Malate. - -
All the compounds are analysing by standard analytical techniques. .
Analytieal methods: . _ _
i) The infrared (IR) spectrum hés been recorded on a Shimadzu FTIR-8400 model
spectrophotometer, befween 450 cm™ and 4000 cfn"', with a resolution of 4 cm™ ina |
KBr pellet. - |
i) (2R)-4-oxo-4-[3-(t‘riﬂuoromethyl)-5;6-dihydro[ 1 ,2,4]-triazo|o[4,3-a]pyrazin-7(8H)- |
y_l]-l-(2,4,5-triﬂuorophenyl)butan-2-amine and its salts were analyzed for purity by
analyﬁcal HP'LC: at Amax 210nm using column YMC-C8 , 250 mm x 4.6mm-x 4 mm or
its equivalent on AGILENT 1100 series undei‘_ the following conditions,
Detector: UV absorption photometer Wave.length‘: 210 nm Column temp. : 25 °C
Flow,rate: 1.0 mL/min.  Injection Vol.: 10 pL o
Mobile Phase: 10mM KH:PO, (pH-6.8): Acetonitrile (55:45)
(2R)-4-oxo-4-[35-(triﬂuoromethyl)«S,‘é-dihydro[ 1 ,2,4v]—triazolo[4,3-a'] pyrazin-7(8H)-yl];
l-(2,4,5-triﬂuOrophenyl)butan-2-am’ine and its salts were analyzedfor chiral purity by
HPLC at Xm'ag-‘2_68 'nm-'using column Chiral-Cel OJ-H, 250mm x 4.6mm x 5w or its
equivalent on Shimadzu LCVP miodel under the following conditioris,
Detector: UV absorption photometer Wave length: 268 dln Column temp. : 35 °C
Flow rate: 0.8 mL/min. Injection Vol.: 10 pL ' '
Mobile Phase: 0.1 % diethyl amine m [n-Hexane: Ethanol (90: 10)] _
iii) Melting pomts were taken on VEEGO make model VMP D meltmo pomt apparatus
and are uncorrected _ ’

‘The mventors have developed a process for the preparation of compound of
Formula (1) or its salts either in its 1acem|c (R/S) form or any of its optically active (S)

or (R) forms or enantiomeric excess mixture of any of the forms. The process includes:

1
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(i) reactfn g 3-hydroxy-1-(3-(trifluoromethyi)-5,6-d ihydro-‘[l ,2,41triazolo[4,3-
a]pyrazin—7(8H)-yl)-4-(2,4,S-triﬂuorophenyl)_ butan-1-one of Formula (IV) either in its
f_acemic .(R/S) form or any of its optically active (S) or- (R) forms or enantiomeric
excess mixture of any of the forms with a p-toluenesulfonyl chloride or p-nitro
benzenesulfonyl chloride to obtain.compound of Formula (ill) wherein ‘R’fepresents p-
toluenesulfonyl group or p-nitro benzenesulfonyl group, ~with retention of
configuration; » '
(ii) optionally, ‘.isolating the compound of Formula (I1f) wherein ‘R’represents p-
toluenesulfonyl group or p-nitro benzenesulfony! grdup; ’ - |
(iii) converting compound of Formula (lll_) _whéréin ‘R’represents p-toluenesulfonyl
group or p-nitro benzenesulfonyl group: to co‘mpoUnd of Formula (II), - wherein
‘Ri’represents —N; group with inversion of cdnﬁguration by using suitable azides,
optionally with suitable additives in suitable solvents; - | 7
(iv) reducing the compound of Formula_,(l]) wherein ;R.’repl'esents —Nj3 group to obtain
compound of Formula (1) wiih retention of configuration. .
Suitable solvents which can be used .at step-(i), when ‘R’ represents p'-
toluenesulfonyl chloride or p-nitro benzenesulfonyl chloride may include one or more
of chlorinated solvents such as chloroform, dichloromethane, dichloroethane; nitriles

such acetonitrile; hydrocarbons such as hexane, heptane, cyclohexane, toluene, xylene,

chlorobenzene; aprotic polar solvents such as DMF, DMA; N-methyl pyrrolidone,

:pyridine and the like or their suitable mixtures.

Suitable bases which can be uScd at step-(i); when ‘R" represents p-

'toluenesulfohyl__chloride or p-nitro benzenesulfonyl chloride, may be‘se'lected from
‘heterocyc‘lic saturated or Unsaturated alﬁines, preferably mdﬁpholine, piperidine,
Epyrbllidine, DBU. DBN, 1.4-diazabicyclo[2,2,2]octane, dimethylamino pyridine and
pyridine; hydrides such as KHMDS ‘and the like or mixtures thereof. -

Suitable azides which can be used at step-(iii), for preparation of compounds of

~formula (II) may - be selected from HN; NaNs, LiN3, Zn(N3)2, Cu(Nai),

: Tetrabutylammonlum azideetc; - : : :

Suitable additives may be added in step (lll) to enhance the conversion. Such

“additives may be selected from those kn_own in the art, such as suitable phase transfer
. Catalysts like, trialkyl ammonium halides, tetraalkyl ammonium halides, trialkyl

- ammonium acetates tetraalkyl ammomum acetates trlalkyl ammonium hydrox1des,

tetraalkyl ammonium hydroxides, trlall\yl ammonium sulfates, tetraalkyl ammonium

r
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sulfates, tri’aikyl ammonium tetraﬂfloroborate, tetraalkyl émmonium ‘tetrz-lfulovroborate,
trialkyl phbsphoniun_ﬁ halides. tetraalkyl phosphonium halides, tetrapenyl phosphonium
halides , pyridinium halides, ‘Alic']uap , Adogen,’ é’rown ethers, silicon analouges of
crown ethers, PEG,; TDA-l"eté. _ ‘

Suitable solvents which can be used in step-(iii), where R, is -N3 may includé
one or more of ethers such as 1,4-dioxane, dimethoxy ethane, THF; esters such as ethyl
acetate, n-butyl acetafe and isopropyl écetate; chlorinated solvents such as chloroform,
dichloromethane; dichloroethane; hydrocarbons such as hexane, heptane, cyclohexane,
toluene, xylene, chlorobenzene; aprotic polar solvents such as DMF, DMA, DMSO; N-
methyl pyrrolidone, pyridine, HMPA and the like, water or their suitable mixtures.

The suitable reducing reégent can be used inn step-(iv) may be selected from
precious metal catalyst like. Pd/Hy, Pt/Ha, Pd/ALOs, Pd-CaCOs, Pd(OH),, PdO, PtO,,
Pd-C/HCOOH, Pd-C/HCOONH;, 'Pd(OH)z#C/N2H4, Pd-C/NaBHj : Lindlar catalyst;
Metal catalyst 'like, Mg, Ca, Zn, Zn'—HCI,_ 'Zn-CH;COOH, SnCly;- SnCly/thiophenol,
Zn/NH,Cl, Zn/AlCl;: Boron contakng redllcing agents like, BH;, NaBH4, LiAlH4,
Zn(BHy)2, HBCI;—Me"gS. LiBH;NMe;, NaBH4/Phase Transfer Catalysf, NaBH;-
exchange resin, NaBH4/NiCI2.6H}_O,’ NaBH4/Ni(OAcz)-, NaBH4/I;3-propanedithiol;
sulfur compounds like HS(CH;);SH/Et;N, :PhSH;'(See for refs. (I) Comprehensive
organic transformations, 2nd Edition,'815’-8l9, Publisher-WILEY-VCH, By-Richard C.
Larock. (II) C01nprehen$ive organic Synthesis Vol. 8-Reduction, 383-386‘, Publisher-
Pergamon Press, By-Barry M. Trost and lan Fleming. (I1I) Hanbook of reagents for
organic synthesis-Oxidizing and Reducing agents, 6, John Wiley & Sons, By-S.D.b
Burke and R. L Danheiser). | _ v -

B Si_nitable solvents which c'z";nv be used at st’e‘p-(iv) may in_é.'lu‘de one or more of
alcohols such_bas vmet'hanolv, ‘ethanbol,' is.(_)p‘robénol,b butanol, I,2-diméthoxy ethanol, 2- |
methbxy ethanol, 2-ethoxy cthanol and ethylene glycol; eth'ers such aé diethyl ether,
l‘,4-didxane, dimethoXy ethane, DIPE, MTBE, ‘THF and the like, water or their suitable
mixtures.

In another aspect there is provided a novel intermediate of Formula (III) in
racemic (R/S) fbrin or ‘any of its op_ﬁcally active (S) or (R) f‘orms or their
enantiomerically excess mixtures which can be used in the preparation of the

1
'

compound of Formula (I).
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Wherein R represents a suitable Ieavmg group such as carboxylate sulfonate
phosphate and oxyphosphomum ion etc. | :

In one of the prefered embodlments are provnded the compound of formula (l[l)-:
where ‘R’ rep_resent_s_sultable alkyl carboxylate group such as —OCOCHj; haloalkyl'
carboxylate group such as -OCOCF;; aryl carboxylaté' group such as —-OCOPh, "
substituted -OCOPh; alkoxy carboXylate» group such as -OC(O)OCH2CH3; alkyl
sulfonates group such as -OSO,CH:CH;; -haloalkyl sixlfonaté group such as, -
0OSO-CF3, -OSO,CH-CF3; aryl »sulfdnates group such- as -OSO:Ph, - substituted -
0SO,Ph such as ' |

oozs~<:>~mo2

alkoxy phosphates group such as “OP(O)(OEt); an oxyphosphonium ion leaving
group such as -OP*(X); where ‘X’ may be alkyl groups. aryl. groups, cycloalkyl .A
groups. | | '

In another éspect ther¢ is provided a novel ihtermediate of Formula (II) in
racemic (R/S) form or any of its optically active (S) or (R) forms or their
enantiomerically excess mixtures, which can be used in the preparation of tﬁ{e

compound of Formula (1).

N ./_.N.\
‘(u) |\/)"//N

wherein ‘R, represent cyclic imido:group, aralkylamino group, sulfonémido group.

In one iof the p,l-etél':;ci'd elnbod.iménfs are:provided the compounds of Formula
(1) where °R;" represents araaikyamino group such as -NHCHx(4-OCHsPh),
_NHCH(CH;)Ph, -NHCH(Ph)y: | ‘

sulfonamido group such as.

24
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. _. S oW
'NH|SO3H, - HNOQSOCH3, - HN\ N

o COOC(CHa)3.

imido group such as - N’;\]: '

o .

‘The invén.tion_ is t;urther exemplified by the following non-limiting eXamples,
which are illustrative representing the preferred. modes of carrying out the invention.
The invention’s scope is not limited to these specific embodiments ohly‘but should be
read in conjunction with what is disclosed anywhere else il; the specification together
with those information and knoWledge which are within the general understanding of a

. e . |
person skilled in the art.

Eiample.l

Synthesis of (S)-3-hydroxy-1-[3-(trifluoromethyl)-5,6-dihydro[1,2,4triazolo[4,3-
a]pyrazi‘n-7(8H)-yl‘]-l-(2,4,5—triﬂu‘orophenyl)butan—l-one from b'so‘dium salt of 4-
0x0-4-[3-(trif|uoromethyl)-5,6-dihydr0[1,2,4]triazol0[4,3-a]pyrazin-7(8H)-yl]-1-
(2,4,5-triﬂuor0phenyl)buta_n—Z-ohe using o‘xido_reductase in an enzyme coupled -
cofactor regeneration system ‘. | ‘ |

‘ Into a 250 mi round bottom flask équipped with a thermometer inlet a pH probé
and an overhead stirrer,'_‘Gluéo'se 6.28 gm (0.0349 moles) and B-Nicotinamide adenine
dinucleotide phosphate disodium salt (10mg) was dissolved in 100 ml of water.
Glucose Déhydrogénasé: Iyophilized powder prepared as per. exa’mp'le 4 of
2805/MUM/2010 '(pET27bZ,B‘G']3.l.l, 12.5 gm)-was added to the reaction mixture to
get a suspension. 50 .Om cells prepared by the process as mentioned iﬁ the example no 6
of 2805/MUM/2010 (pET27BZBGZ 0.9) suspended in- 50 ml water was added to the
reaction mixture and homogeneous - preparation was incubated “at 25-30° °C under
stirring condition. 10 gm (0. 02331moles) of substrate, i.e., sodium salt of4 -0x0-4-[3-
(trifluoromethyl)- 5 6- dlhydro[l 2.,4]triazolo[4,3- a]pyrazm 7(8H)-yl]-1-(2.4,5-
,'trlﬂuorophenyl)butan 2-one prepared as per process similar to WO2010/032264 was
added in portions. Since thl_s is a pH driven reaction (where pH is being maintained in
the range of 7;0 to 8.0)‘én_d the substrate is basic in hat:'ure. substrate_ gdditioh to the
reaction mixture is carried out ih a regulated, Vstep-by-s‘tep manner in ‘presence of
NaOH over a perlod of 3-4 hours making the total volume of the reactlon mixture to
200 ml. Theprogress_o‘r the reaction was observed on TLC. During 25 to 30 hrs,

gradually the substrate almost disappeared and the product spot was seen. Reaction

[N
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mixture Was»extracted twice i.n equal volumes of 'ethyi-acetate and upon evaporating the
solvent the desired product was obtained in 60% yield.. |

The product was further analyzed by HPLC analysis showing an HPLC purlty
of >90% of the: corresponding alcohol, followed by chiral HPLC analysis (as described
in example no 5 of 2805/MUM/2010) showing an enanti_o_meric excess ot‘ >99% of
single enantlomer .‘ |
The chlral conf'ouratlon of this enzymatlcally synthesnzed alcohol, which. appears as Pl
in chiral HPLC analyses is found to be (S) This chual S) alcohol was taken up for

further synthesus
. | Example 2>

Synthesis of (S)-3-hydr0xy'—1-[3-(triﬂuoromethy.l)-5,6.-'dihydro[1,2;4]triaz0l0[4_,3-
a]pyrazin-7(8H)—yl];1-(2,4,5'-trifluorophenyl)but_an_-l-'one from sodium salt of 4,--
0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a] pyrazin-7(8H)-yl]-1-
(2,4,5-trifluorophenyl)butan-2-one using crude lysate of whole-cell catalyst €o-
expressing oxidoreductase and glucose dehydrogenase | .

Into a 1000 m! round bottomed flask equipped with a thermorneter, an inlet, a
pH probe and an overhead stirrer, Glucose (6.28 gm, | 0.0349 m‘ole’s)_ and B-
Nicotinamide adenine dintncleotide phosphate disodium salt (IOmg).was dissolved in 50
ml of water. 50 gm cells prepared as mentioned in the above example no 7 of
2805/MUM/2010 suspended in 500 m!l water was subjected to cell lysis and clear cell
free extract was added »in_the" reaction mixture. The homogeneous redction preparation
was incubated at 25 -30 ”C under stirring condition. i10 gm (0.0233 31moles)-of Sodium v
salt of 4-ox0-4-[3- (tr|ﬂu0|0methyl) 5 6-dihydro[1,2 4]trlazolo[4 3 a]pyrazm 7(8H)—y|]
1- (2,4,5 trlﬂuorophenyl)butan 2-one  prepared as per process similar  to
WO02010/032264 u/as added in portions to the reaction mixture by maintainin“g pH of
the reaction at 7.0 to 8.0 as has already been explairted in eXample 9 above. The
progress of the reaction was observed on TLC. During 25 to 30 hrs the starting material
was almost disappeared and product spot was seen. Reaction mixture was extracted
twice in equal volumes of Ethyl acetate and upon evaporatmg the solvent the desired
product was obtamed in 72% yleld '

The product was future analyzed by HPLC" analysrs followed by chlral HPLC
analysrs (as described in e\ample no 5 of 2805/MUM/2010) Wthh showed >90%

HPLC purity of correspondlno alcohol and >99% ee of smgle Enantlomer
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The chiral conﬂwratibn of this enzymatically synthesized alcohol, which appears as P} .

in chiral HPLC analyses is found to be (S).

, - Example 3
Synthesis of ' (S)-3-hydroxy-1-[3-(trifluoromethyl)-5,6-dihydro(1,2,4]triazolo[4,3-

' a]pyrazin-7(8H)—yl]-1-'(2,4,5—trifludropheﬂyl_)butan-1-one from sodium salt of 4-

0x0—4-’[3—(t’riﬂuoromethyl)-5,6-dihydro[l,2,4]triavzolo[4,3-a]pyrazin-7(8H‘)-yl]—l- '
(2,4:5-triﬂuor6phenyl)butan—2-0nez using Whole-Cell ‘Cat’alyst co-expressing
oxidoredu’ct.a‘se, and glucose dehydrogenase at a large scale ' :

Into a 1000 mi round bottomed flask equipped with thermometer inlet, pH
probe and overhead stirrer iGlucose (15.66 gm, 0.087 ‘moles) and B-Nicdtinamide
adenine dinucleotide pphosphate disodium salt (12.5 mg) was dissolved in 100 ml of
water. 250gm whole cells prepared 'as mentioned in example no 7 of 2805/MUM/2010.
suspehded’ in 250 ml water vwa‘s added to the reaction mixture followed by 12.5 mi
Toluene. The homogeneous reaction preparation was incubated at 25-30 OC -under
stirring  condition. 25 gm (0.5827 moles) - of Sodium salt of 4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[ 1 ,2,4]triazol0[4,3-a]pyraZin'-7(8H)-yi]— 1-(2,4,5- |
trifluorophenyl)butan-2-one preparéd as per process similar to W0O2010/032264 was’
added in portions to the reaction mixture by maintaining pH. of the reaction at 7.0 to
8.0. The progress of the reaction was observed on TLC. During 25 to 30 hrs the starting
matgrial was almost diéappeared. and product spbt was seen. Reaction mixture was
extracted twice in eqinal volumes of ethyl acetate and upon evaporating the solvent the
desired product was obtalned in 72% yield.

The enzymatlcally prepared alcohol product was analyzed by various classical tools i.e.

- Meltmg Point (m.p.). Specnﬁc Optical Rotation (SOR), lnfra»Rec_»i Spectroscopy (IR)

and Nuclear Magnetié Resonance spect'roscopy-(NMR) and ESI-MS with the following
results - - ' ' |

m.p.; 116-120°C

SOR [a]p?: 23.2° (c = I, CHCl)

27
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IR (cm™): 3468, 1626. 1519

ESI-MS: 409 (M+H)" | |
'H NMR (400 MHz, DMSO-De): & 2.45-2.49 (m, 1H), 2.65-2.78 (m, 3H), 3.89-3.99
(m, 2H), 4.01-4.09 (m, 2H), 421422 (m, 1H), 4.86-5.05 (overlapping m, 3H), 7.38-

747 (m, 2H).

*C NMR (100 MHz, DMSO-Dg): 8 35.4, 37.4, 38.3, 40.1, 41.4, 42.2, 43.0, 43.7, 67.3,
105.4, 114.5, 117.1, 119.5, 123.0, 142.3, 144.4, 146.5, 148.8, 151.0, 154.6, 156.9,
170.2. | \ |

The prbduct was further ahalyzed by HPLC and chiral HPLC analysis (as
described in example 5 of 2805/MUM/2010), which showed 96.1% HPLC purity of
correspondmcy alcohol and 99.7 % chiral purity of single enantiomer . |

The chiral conﬁouratlon of thlS enzymatically synthesmed alcohol which
appears as P1 in chiral HPLC analyses, is found to be (S).

: D ' Example 4 .
Preparatibﬁ» of (R/S)—4-0x0-4-[3—(triﬂuoromethyl)-5,6-dii1ydro[1,2,4],triazolo[4,3-
a]pyraiin-7(8H)-yl]-l-(2,4,5-trifluo.r0phenyl)butaﬁ-Z-yl p-toluénesulfonate ‘

In a dry, 100 mL round bottdm flask, (R/S)-3-hydroxy-1-(3-(trifluoromethyl)-
5,6-dihydro-[1 ,2,4]triazol0[4,3-a]pyrazin-7(8H)-yl)-4—(2,4,5-triﬂuorophenyl)butan- 1- |
one (5.0 g) and pyridine (25 mL) were charged at 25-30 °C and the reaction mixture
was cooled to 0-5 °C. To the clear solution p-toluenesulfonyl chloride (7.0 g) was
added portionwise ét 0-5 °C and subsequently stirred for 24 h at 0-5 °C. The reaction
mixture was added slowly at 0-5 °C into water and extracfed with ethyl acetate. The
organic. Iayé,r was washed with dil. aq. HCI solution, saturated sodium bicarbonate
solution and -‘Br’i_ne solution. it was dried over anhydrous sodium Sljlfate. ‘ltvw.as distille_d
out at feddcéd pr_éﬁin‘é to obtain the title compound (Wt.- 6.0 g, %.Purity'by HPLC-
86.0 %). | | | |

The crude compound was stirred with dnsopropyl ether at 25-30 °C for.30 min.
After that it was filtered. washed W|th dnsopnopyl ether and dried to obtain the title
compound. (Wt -3. 73 g % Punty by HPLC- 90.7 %)

Purification:

(R/S)- 4-ox0 4-[3-(trifluoromethyl)-5, 6 dlhydro[l 24]triazolo[4, 3-a]pyrazm- L
7(8H)-yl] 1-(2,4,5-trifluorophenyl)butan-2-yl p-toluenesulfonate (200 mg) was stlrred
with methanol -at 0-5 °C for 30 min.. After that it was ﬁltered, washed with cold
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methanol and drie‘d to obtain the title compound. (Wt.-146 mg, % Purity by HPLC-95.4
%) o | |

'H NMR. (400 MHz, CDCl):' §2.42 (s 3H), 2.76-2.93, 2.96-3.06, 3.07-
3. l4(ove|lappm<y m,. 4H) 3.96-4.12 (m, 2H), 4 19-4.26 (overlapping m, 2H), 4.95-

' 5.08(0verlappmg m, 3H), 6.63-6.67 (m, 1H), 6.73-6.94 (m. I1H), 7.16-7.20 (m, 2H),

7.48-7.58 (m, 2H).
IR(cm™): 3059, 1662, 1520 ESI-MS: 563 (M+H)"

» o o Example § '
Preparation of‘ (S)—4-_ox0r4-[3-(triﬂuoromethyl)—5,6-dihydro[l,2,4]tl:iaz010[4,3-
a]pyrazinf7(8H,)-yl]—_1-(v2,4,5-trifluorophenyl)butan-2~yl p—toluenesulfonafe

In a dry, 250 mL round bottom flask (S)-3-hydr0xy—l-(3—(triﬂuofomethyl)-5,6-
dihydro-[ l ,2.4]triazoIo[4,3-a]pyrazin-7(8H).-yl)-4-(2,4,5-‘triﬂuorophenyl)butan- 1-one
(10 g) and pyridine were charged at 25-30 °C and the reaction mixture was cooled at 0-
5 °C.. After that p-toluenesulfony! chloride was added in 3 lots during 7h reaction time
at 0-5 °C with stirring. Reaction mixture was added into diluted aqueous HCI solution
at =5 to 0 °C and it was stirred for 2 h at -5 to 0 °C to obtain solid compound. It was
filtered and washed with water and aqueous saturated sodium bicarbonate solution. It
was dried atj4'5-.50 °C. (Wt-12.7 g, % Y-92.1, % Purity by HPLC-98.8 %, % Chiral
purity-99.8 %). - | |

-m.p.: 161-164 °C, SOR:[o]p™ -42.3° (¢ 1 in CHCl3)( Range: -36 to -43°), % H,0 — 0.16

% WIW.
: : Example 6
Préparation of (S) 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2 4]tr|azolo[4 3-
a]pyrazm-7(8H)—yl] 1- (2 4,5- trlfluorophenyl)butan—Z-yl p-toluenesulfonate
“In a dry, 1.0 L round bottom flask- (S) -3-hydroxy-1-(3- (trlﬂuoromethyl) 5, 6-

dihyaro-[l,2;4]t|lazolo[4._a -a]pyrazin-7(8H)-y!)-4-(2.4,5-trifluorophenyl)butan-1-one

(80 g) and pyridihe (400 mL) were charged at 25-30 °C and the reaction mixture was
cooled at 0- 5 °C. After that p- toluenesulfonyl chloride (186 7 gm) was added in 3 lots
durmo 7 h react|on time at 0-5 °C with stirring. Reaction mixture was added' into

dlluted aqueous HCI solution at -5 to 0 °C and it was stirred for 2 h at =5 to 0°C to

 obtain solid corh'pound It was filtered and washed with water and aqueous saturated

sodium bicarbonate solution. It was dried at 45-50 °C. (Wt.-94.0 g, % Y-85.2, % Purity
by HPLC-98.5%, % Chiral purity->99.5 %).

PCT/IN2012/000299
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‘m.p: 161-164 °C, SOR:[u]p® -37.6 (c I in CHCIl5) ( Range: -36 to -43°), % H,0 —

0.15 % W/W.
'H NMR (400 MHz, CDCl3): 82.42 (s, 3H), 2.79-2.93, 2.95-3.04, 3.09-3.16
(overlapping m. 4H). 3.98-4.06 (m, 2H), 4.16-4.28 (overlapping m, 2H), 4.91-5.09

' (overlap’p_ing m, 3H). 6.62-6.67 (m, 1H), 6.73-6.82 (m, 1H). 7.15-7.20 (m, 2H), 7.45-

7.48 (m, 2H).
IR(cm™): 3020, 2928. 1633. 1521 ESI-MS: 563 (M+H)"
. Example 7

Preparatioh of (S)—4-0x0_-4-[3-(triﬂuorvomethyl)—5,6—d'ihydro[1,2,4]triazolo[4,3;—
a]'pyrazin-7(8H)—yi]-1-(2,4,5-trifluorophenyl)butan-Z-yl p-toluenesulfonate

In a dry, 25 mL round bottom flask (S)—3-hydroxy-l-(3-(triﬂuoromethyl)—5,6-
dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl)-4-(2.4,5-trifl uorophenyl)butan-1-one
0.2 g), DABCO (0.220 g) and toluene (1.5 mL) were charged at 25-30 °C. The reaction
mixture was cooled at 0-5 °C. After that p-toluenesulfony! chloride (0.230 g) was added
and stirred for 3 h at 0-5 °C. Reaction mixture was diluted with toluene (5.0 mL). It was
transferred into a separating funnel. It was Washed four times with water. The organic
layer!was collected. It was dg‘ied over anhydrous sodium sulfate. It was distilled out at
reduced pressure-tb obtain the title compound (Wt.- 0.260 g, % Purity by H:PLC- 87
%). ’

_ o Example 8

Preparatioﬁ_ of (S)—4-oxo-4-[3-(triﬂuoromethyl)-5,6—dihydro(1,2,4|tria20l0[4,3-
a]pyrazih-7(8H)—yl]-1-(2,4,5-triﬂuorophenyl)butan-Z-yl p-toluenesulfonate

Ina dry, 25 mL round bottom ﬁask (S)—3-hydroxy—l—(3-(triﬂuoromefhyl)-S,G'-
dihydro—[_],2,4]triazolo[4,3-a]pyrazi‘ri-?(gH)-yl)-4-(2,4,5-triﬂuorOpihenyI)butan,-l-one
(0.2 g), DABCO (0.220 g) and dichloromethane (1.5 mL) were charged at 25-30 °C.
The reaction h1ixture was cooled at 0-5 °C. After that p-toluenesulfonyl chloride (0.230
g) was added and stirred for 4 h at 0-5 °C. Reaction mixture was diluted with
dichloromethane (5.0 mL). It was transferred into a separating funnel. It wa-s washed
with fouf tim’,es‘ with water. The organic layer was collected. It was dried over
anhygirous ‘sodi»u:ﬁ»sul_thte. It was distillled out at redvuced pressure to obtaiﬁ the title

compound (Wt.- 0:300 g. % Purity by HPLC- 87 %).
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Example 9 g
Preparation | of (S)-diethyl (4-ox0-4-(3-(trifluoromethyl)-5,6-dihydro-
[1,2,4]triazdlo[4,3-a]pyrazin-7(8H)-yl)-1-(2,4,5-t_riﬂuorOphenyl)butan-Z-yl)
phoéphate ‘ .

Inadry, 100 mL rou‘nd bottom flask, (S)-3-hydr0xy¥l-(3—(triﬂuoromethyl)-5,6~
dihydro-[1 ,2;4]t1‘iazo‘lo[4ﬂ3-a]pyrazine7(8H)le)-4-(2,4,5-trifluocophenyl)butan- 1-one
05 g and dichloromethanle (10 mL) ﬂvere charged at 25-30 °C and the reaction
mixture 'vx./a:s cooled to 0-3 °C. To Fhé clear solution pyridine (0.118 mL) was added.
After 30 min. diethylchlorophosphate (0.22 g) was added drop by drop at 0-5 °C. It was
warmed to 25-30 °C and stirred for 21 h at 25-30 °C. The reaction mixture was diluted
with dichloromethane (25 ﬁ1L). It was transferred into a separating funnel and it was
washed 3 times with 10 % aq. HCl solution, 3 times with _saturéted sodium bicarbonaté
solution and brine solution, it was dried over anhydrous sodium sulfate. It was distilled
out at reducéd pres_sufe to obtain the title compound (Wt.- 0.633 g, % Purity by HPLC-
84.0 %). , ’

ESI-MS: 545 (M+H)"

_ | A Example 10 ,
Preparation of (R/S)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
a)lpyrazin-7(8H)-yl|-1-(2,4,5-trifluerophenyl)butan-2-yl p-nitrobenzenesuifonate

| In a dry, 25 mL round bottom flask, (R/S)-3-hydroxy-l-(3-(triﬂuoromethyl)-
5,6-dihydr’6-‘[ l .2.4]t1‘iazo]o['4,3-a]pyrazi|1-7(8H)-yl)-4-(2,4,5-triﬂuorophenyl)b_utan- [~
one (0.5 g) and pyridiné (2.5 mL) were charged at 25-30 °C and the reaction mixture
was cooled to 0-5 °C. To the clear solution p-nitrobenzenesiulfbnyl chloride (0.32 g)
was added portionwise at 0-5 °C and stirred for 5 h at 0-5 °C. ‘After that another p-
nitrobenzenesulfonyl chloride (0.54 g) was added and stirred for another 1 h at 0-5 °C.

The reaction mixture was added slowly at 0-5 °C into aq. KHSO; solution and extracted

- with ethyl acetate. The organic layer was washed with dil. aq. HCI solution, saturated

sodium bicarbonate solution and brine solution; it was dried over anhydrous sodium

sulfate. It was distilled out at reduced pressure to obtain the title compound (Wt.- 0.630

g, % Purity by HPLC- 80.8 %).
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Example 11 A :

Preparation of  (S)-4-ox0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-yl p-nitrobenzenesulfonate

In a dry, .50 mL round bottom flask, (S)-3-hydroxy- 1 -(3-(trifluoromethy!)-5,6-
dihydro-[ | ,2,4]triazolo[4,3-a]pyrazin-7(8\H)-yl)—4-(2,4,5~triﬂuorbphenyI)butan- l-one
(4.0 g) and pyridine (20 1an) were charged at 25-30 °C and the reaction mixture was
cooled tb 0-5 °C. To thé clear solution p-nitrobenzenesulfonyl chloride (6.5 g) was
added portionwise at 0-5 °C and stirred forf4 h at 0-5 °C. After that another p-
nit‘rot’>enze‘nesulfbnyl chloride (2.1 g) was added and stirred for another 1°h at 0-5 °C.
The reaction mixture was added slowly at 0-5 °C into 10 % aq. HCI solution and stirred
for 30 min. at 25-30 °C. Solid was filtered and washed with 5 % cooled aq. HCI, with 5
% cooled aq. NaHCOQO; solution and with cold water. 1t was dried under reduced
pressure at 40 °C. (Wt.- 6.0 g. % Purity by HPLC- 87.5 %). ’
Purification: | R ‘

(S)‘—4-oxo—4-[3-(tr‘iﬂuoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-a]pyrazin- |
7(8H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-yi p—nitrobenzenesulfonate (5.5 g was
stirred with methyl t-butyl ether at 25-30 °C for 30 min.. After that it was filtered,
washed with cold methyl t-bytyl ether and dried to obtain the title compound. (Wt.-4.3
g, % Purity by HPLC-91.4 %. % Chiral purity-99.2 %).
m.p.: 98-99 °C. SOR:[a},”*-28.6° (c | in CHCl3), % H20 — 0.85 % W/W.
'H NMR (400 MHz, CDCls): &2.77-2.87 (m, IH), 2.89-2.97 (m, IH), 3.06-3.11
(m,2H). 4.01-4.02(m, 1H). 4.15-4.28 (m, 3H),.4.9.l -5.23(overlapping m, 3H), 6.71-6.77
(m. 1H), 6.86-6.92 (m. 1H). 7.86-7.88 (d. 2H),: 8.27-8.29 (d. 2H).
IR(cm™): 3072, 1658, 1533, 1186. 914 ESI-MS: 594 (M+H)"

, . Example 12
Prepﬁration ‘of (S)—4-0x0-4-[3-(triﬂuor_Omethyl)-5,6-dihydro[l,2,4].triazOlo[4,3-
a]pyrazih-7(8H)-yl]-1—(2,4,5-triﬂuoropheny,l)butan-Z—yl acetate |
v In a dry, 50 mL round bottom flask, ,(S)—3-hydroxy-l-(3e(triﬂuoromethyl)-5,6r
dihydro,—[l,2,4]triazolo[4,3-a]pyrazin-7(8H)-y.l)-4-(2,4,'5-triﬂuorpphe‘nyl)butan-l-one |
3.0g), __dimethylamihopyridine (89 mg) and dichloromethane (30 mL) were charged at .

25-30 °C. The reaction mixture was cooled to 0-5 °C. To the clear solution acetic

. anhydride (1.1 g) was added drop by drop over a period of 15-30 min. at 0-5 °C. It was

stirred for 3 h at 0-5 °C. The reaction mixture was diluted with dichloromethane (15
mL). It was transferred into a separating funnel and it was washed 3 times with water

32
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. and brine solution. It was dried over anhydrous sodium sulfate. It was distilled out at

reduced pressure to obtain the title compound (Wt.- 3.29 g, % Purity by HPLC- 92.5 %, .

% Chiral purity >99.5 %).

' !
'H NMR (400 MHz, CDCl5): 82.23 (s, 3H), 2.6 I'-2.63 (m, [H), 2.65-2.67 (m, IH),

2.77-2.86 (ovebrlappin0 m,2H), 2.90-94 (overlapping m, 1H), 3.02-3.10 (m, 2H) 4.09-

4.25 (overlappmo m, 1H), 4.89- 5. 04 (overlapping m, 2H), 5.31-5.44 (m 1H), 6.87-

691 (m, TH), 7.04-7.11 (n, 1H), 7.86-7.88 (d, 2H), 827829(d 2H).
IR(cm™): 3020, 1739, 1662.1521, 1215 ESI-MS: 451 (M+H)"

. ‘Example 13
Prepération of (R/S)-3-azido-1-[3-(trifluoromethyl)-5,6-dihydrof1,2,4]triazolo[4,3-
a]pyrazin-7(8H)-yl]-l-(2,4,5-triflu0r0phenyl)butan—2-one
In"a 25 mL round bottom flask (R/S)-4-0x0-4-|3-(trifluoromethyl)-5,6-
dihydro_[l,2,4]triazolo[4,3-a]ﬁyrazin-7(8H)-yl]-l-(2,4,5-triﬂuorophenyl)butan-Z-yl, p-
toluenesulfonate (0.500 g) and diméthylsulfoxide were charged. Subsequently, sodium
azide (22.8 mg) was added at 24-30 °C into the reaction mixture. The reaction mixture
was stirred for 6h at 24-30 “C. After that second lot of sodium azide (22.8 mg) was
added and stirred for 15 h, suBsequently, third lot of sodium azide (22.8 mg) was added
and further stlrred for 9 h at 24-30 °C.-The reaction mixture was added into cold water
and extracted wnth ethyl acetate. The organic layer was washed with water and brine
solution, it was dried over anhydrous sodium sulfate. It was distilled out at reduced
pressure to obtain the title coxﬁpound,(Wt.-379 mg, % Purity by HPLC- 62.3 %).
| Example 14 |

Prei)aration of pure (R/S)-3-:azido-l-[3-(triﬂuoromethyl)-5,6-dihydro[l,2,4]-
triazolo[4,3-a] pyrazin-7(8H)—yl]-l-(2,4,5-triﬂuorqphenyl)butah-Z-one

' Crude (R/S)-3—ézid0—:l-[3-(triﬂuoromethyl)-5,6-dihydro[1,2,4]- triazolo[4,3-a]
pyrazin-_7(8H)-yI]-l—(2,4,S—tn‘{ﬂuorophenyl)butan-Z-one (2 g) was purified by column
chromafogréph'y over silica gel (100-200 mesh) using DIPE:EA (4:6) as an eluent (Wt.
1.4 g, % Purity by HPL.C-94.3 %)

2
(V%)
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'H NMR (400 MHz, CDCly): §2.61-2.70 (m, 2H), 2.86-2.9Hm, 2H), 4.20-4.28
(overlapping m, 4H), 4.95-5.02 (overlapping m, 2H), 6.93-6.95 (m, 1H), 7.10-7.16 (m,
1H), | | | |

IR(cm™"): 2123, 1654, 1521 ESI-MS: 434 (M+H)"

‘Example 15

- Preparation of (R/S)-3-azido-1-[3- (trlﬂuoromethyl) -5,6-dihydrof1,2 4]trlazolo[4 3-

a]pyrazm—7(8H)-yl] -1-(2, 4,3-tr1ﬂu0rophenyl)butan -2-one

In a 25 mL round bottom flask (R/S)-4-0xo-4-[3-(triﬂuoromethyl)-5,6-'
dihydro[1 ?2,4]triazolo[4,3—a]pyrazin—7(8H)-yl]- 1-(2,4,5-trifluorophenyl)butan-2-yl,
methanesulfonate (0.100 g) and dimethylformamide were charged. To the reac.tion
mixture sodium azide (67 mg) was added at 24-30 °C. The reaction mixture ‘was stirred
for 24 h at 24-30 °C. After that second lot of sodium azide (26.0 mg) was added and

further stirred for 4 h at 24-30 °C. The reaction mixture was added into cold water and

~extracted with ethyl acetate. The organic layer was washed with water and brine

solution, it was dried over anhydrous sodium sulfate. It was distilled out at reduced
pressure to obtain the title compound (Wt'.-93 mg, % Purity by HPLC- 25.8 % and % of
olefin impurity — 54.5 %).

Example 16

'Preparation of (R/S)-3-azido-1-[3-(trifluoromethyl)-5,6-dihydro|1,2,4]triazolo[4,3-

a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-one !

_ In a 25 mL round bottom flask (R/S)-4-0x0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2.4.5-trifluorophenyl)butan-2-yl,
methanesulfohate (0.200 g) and dimethylsulfoxide weré charged. To the reaction
mixture sodium azide (133mg) was added at 24-30 °C. The reaction mixture was stirred
for 27 h at 24-30 °C. The reaction mixture was added into cold water and extracted with
ethyl acetate. The organic layer was washed with water and brine solution, it was dried
over 'anhydrous sodium sulfate. It was distilled out at reduced pressure to obtain the
title clompound (Wt.-160 mg, % Purity by HPLC- 46.0 % and % of oléﬁn impurity —
49.8%). | | |

: Example 17
Preparation of (R)-S-azido—l-[3—(trifluoromethyl)-5,6adihydro{l,2,4]triazolo[4',3-
a]pyrazin;7(8H)-yl]-l-(2,4,5-triﬂuorophenyl)butan-Z-one
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In a 25 ml. round bottom flask (S)-4-0x0-4_—[3-(‘triﬂuoromethyl)—5,6-
dihydro[1.2.4]triazolo[4.3-a]pyrazin-7(8H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-yl, p-
toluenesulfonate (0.700 g) and dimethylsulfoxide were charged. Subsequently, sodium

azide was added at'25-30 “C into the reaction mixture. The reaction mixture was stirred

~for 28 h at 25-30 °C. The reaction mixture was added into cold water and extracted with
" ethyl acetate. The organic layer was washed with water and brine solution, it was dried
. over anhydrous sodium sulfate. It was distilled out at reduced pressure to obtain the

title cdmpou,nd (Wt.-0.490 g. % Purity by HPLC- 70.9 %).

Example 18
Preparation of (R)—3-azido-1-[3-(triﬂuoromethyl)-5,6-dihydro[1,2-,4]triazolb[4,3-

a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-one

inn a 250 mL round bottom flask (S)-4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[ 1 ,2,4]triazolo[4,3§a]pyrazin-7(8H)-yl]-1 -(2q4,5-triﬂuorophéi1yl)butan-2-yl, p-

~ toluenesulfonate (2.5 g) and dimethylsulfoxide were charged. Subsequently, sodium

azide was added at 25-30 °C into the reaction mixture. The reaction mixture was stirred

for 28 h at 25-30 °C. The reaction mixture was added into cold water and extracted with

- ethyl acetate. The organic layer was washed with water and brine solution, it was dried

over anhydrous sodium sulfate. It was distilled out at reduced pressure to obtain the
title compound (Wt.-1.9 ¢. % Purity.by HPLC- 75.6 %).
ESI-MS: 434 (M+H)"

Example 19

~ Preparation of (R)-3-azido-1-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
* a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-one |

In a 2.0 L round bottom flask (S)-4-oxq-4—[3-(triﬂuoromethyl)-5,6-'

~ dihydro[1 .2.4]triazolo[4,3-apyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-yl, p-

toluenesulfonate (93 g) and dimethylsulfoxide were charged. Subsequently, sodium

azide (53.7 g) was added at 25-30 °C into the reaction mixture. The reaction mixture

© was stirred for 22 h at 20-30 °C. The reaction mixture was added into cold water and

extracted with ethyl acetate. The organic layer was washed with water and brine

solutibn, it was dried over anhydrous sodium sulfate. It was distilled out at reduced

'press‘ure to obtain the title compAound (Wt.i69.4 g, % Purity by HPLC- 77.9 %).

ESI-MS: 434 (M+H)"

(5]
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Example 20
Preparation of pure (R)-3-azido-1-[3- (trlﬂuoromethyl) -5,6-dihydro[1,2,4]-

triazolo[4,3-a] pyrazin-7(8H)-yl}-1- (2 4,5- tnﬂuorophenyl)butan -2-one

- Crude (R)-3-azido-1-[3- (trlﬂuoromethyl) -5,6- d1hydr0[l,2.}4] triazolo[4,3- a]
pyrazin-7(8H)-yl]-l—(2,4.5-triﬂuorophenyl)butanQ-one (2.9 g) was purified by column
chroﬁatography over silica gel (100-200 mesh) using DIPE:EA (7:3) as an eluent (Wt.
2.0 g. % Purity by HPLC-96.5 %)
SOR:[a]p® -2.37° (¢ | in CHCI3)
'H NMR (400 MHz, CDCl;): 62.58-2.71 (m, 2H), 2.82-2.95(m, 2H), 3.98-4.26
(overlapping m, 4H), 4.96-5.01 (overlapping m, 2H), 6.93-6.97 (m, 1H), 7.09-7.16 (m,
1H), ‘
IR(cm™): 2123, 1666, 1521 ESI-MS: 434 (M+H)"

‘ Example 21
Preparation of (R) 3-azido-1-[3-(trifluoromethyl)-5,6-dihydro{1,2 4]trlazolo[4 3-
a]pyrazin-7(8H)-yl|-1-(2,4,5- trlfluorophenyl)butan-z one ‘
In a 250 mL round bottom flask (S)-4-0x0-4-[3-(trifluoromethyl)-5,6-
dihy‘dro[l,2\4]triazolo[4._3—a]p§razin-7(8H)-yl]-l—(2.4,5-triﬂuorophenyl)butan-2-yl p-
nitrobenzenesulfonate (0.200 g) and toluene were charged. Then tetrabutylammonium
azide (97 mg) was added at 25-30 °C into the reaction mixture. The reaction lﬁixture
was stirred for 5 h at 25-30 °C. Then another tetrabutylammonium azide (24 mg) was
added and further stirred for 6 h. The reaction mixture was added into cold water and
extracted with ethyl acetate. The Iorganic layer was washed with water and brine
solution, it was dried over anhydrous sodium sulfate; It was distilled out at reduced
pressure to obtain the title compound (Wt -0.125 g, % Purity by HPLC- 72.4 %).
ESI-MS: 434 (M+H) :
Example 22 |

Preparation of '(R/S)-3-(benzylamino)-1-[3-‘(triﬂu0romethyl)—5,6-dihydro[lv,2,4‘]tri-
azolo [4,3-a]pyrazin-7(8H)-yI]-4-(2;4,5-triﬂuorophehyl)butan-l-one OR
3-[(benzyl)amino)-4-(2,4,5-trifluorophenyl)butanoylj-3-triflucromethyl-5,6,7,8- |
tetrahydro 1,2,4-triazolo[4,3-a]pyrazine | |

" In a 25 mbL round bottom flask (R/S)-4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[ 1.2 4]triazolo[4.3-a}pyrazin-7(8H)-yl]-1 -(2,4,3-tr|ﬂuorophenyl)butan-2-yl, p-

toluenesulfonate (0.500_ g). benzylamine (0.190 g) and toluene were charged. The
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reaction mixture was heated to 80 °C and stirred for 5 h at 80-82 °C. Subsequently, the
reaction mixture was cooled to 23-30 °C and water was added. The reaction mixtur;e
was extracted with ethyl acetate. The organic layer was washed with water and brine
solution, it was dried over anhydrous sodium sulfate. It was distilled out at reduced

pressure to obtain the title compound (Wt.- 0.446 g, % Purity by HPLC- 25.3 %).
| Examgle 23

‘Preparation of (R/S)-4-0x0-4-[3- (tnﬂuoromethyl) 5,6-dihydro]1,2 4]trlazolo[4 3-

a]pyrazm-7(8H)-yl| 1-(2,4,5 tnﬂuorophenyl)butan—2-am|ne

In a 50 mL round bottom flask crude (R/S)-3-azido-1-[3-(trifluoromethyl)-5 6-
dihydlo[l,2.4]t||aquo[4.3—a]pyrazm-7(8H)-)ll]-_l-(2,4,3—trlﬂu0|ophenyl)butan-2-one ‘
(1.4 g), methanol and 5 % Pd/C (280 mg) were taken. The reaction mixture was cooled
to 0 to 5 °C and NaBH, (368 mg) was added. [t was warmed to 25-30 °C and stirred for
20-24 h at 25 to 30 °C. After that water and hyﬂosupercei | were added into the vreactkv)n
mixture and stirred for 5-10 minutes. It was filtered and washed with methanol. Filtrate
was taken in a 50 mL one neck round bottom flask. Solvent was distil‘led out at reduced
pressure to obtain crude (R)—4-oxo-4-[3-(triﬂuoromethyl)-S,6-
dihydro[1,2.,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4.5-trifluorophenyl)butan-2-amine.
After usual acid-base purification pure product was obtained. (Wt.-860 mg, % Purity by
HPLC- 95.0 %). ‘ | .

| Example 24 . _

Preparation of (R)-4-oxo-4-[3-(trifluoromethyl)-5, 6-dihydro[1,2,4]triazolo[4,3;
alpyrazin-7(8H)-yl}-1-(2,4,5 -tnfluorophenyl)butan -2-amine :

“In a 25 mL round bottom flask crude (R)-3-azido-1-[3- (trlﬂuoromethyl) 5 6-
dlhydro[l 2.4]triazolo[4.3- ajpyrazm 7(8H) -yl}-1-(2.4.5-trifluorophenyl)butan-2-one .
(1.35 g), methanol and 5 % Pd/C (270 mg) were taken. The reaction mixture was
cooled to 0 to 5 °C and NaBBH, (355 mg) was added. It was warmed to 25-30 °C and
stirred for 42 h at 25 to 30 °C. After that water, methanol and hyflosupercell were
added into the reaction mixture and stirred for 5-10 minutes. It was filtered and washéd
with methanol. Filtrate was taken in a 100 mL one neck round bottom ﬂ:‘ask.,Solvent.
was distilled out “at reduced pressure and to obtain crude (R)-4-0x0-4-[3-
(trifluoromethyl)-5.6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4.5-
triﬂuorophenyl)butan-Z—alﬁine; Aﬁef usual acid-base purification pure product ‘was

obtained. (Wt.-0.852 g, % Purity by HPLC- 92.8 %, Chiral Purity by HPLC->99.5 %). .
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'H NMR (400 MHz. CDCI3): 8 2.58-2.80 (m, 2H), 2.82-2.95 (m. 2H), 3.64-3.69 (m,
1H), | ,: |
3.70-3.98 (m, 1H), 4.07-4.22 (m, 3H), 4.88-5.06 (m, 2H), 6.88-6.94 (m, TH), 7.10-7.16
(m, 1H). | -

CIR(em™): 1649, 1518 ESI-MS: 408 (M+H)"

Example 25 ‘ _
Preparation of (R)-4-0x0—4—[3-(triﬂu0romethyl)—5,6-dihydro[l:,2,4]triazolo[4,3- -
a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine f ‘.
“ In a 25 mL round bottom flask water (9.0 mL), Zinc dust (90 mg) and
Aluminium chloride hexahydrate (184 mg) were taken. After that crude (R)-3-azido-1-
[3-(tr‘iﬂuoromethyl)-5\6-dihyqro[ 1.2,4]triazolo[4,3-a]pyrazin-7(8H)-yl}-1-(2.4,5-
triﬂuorophenyl)buta.n-Z-one (0.3 g) dissolved in ethanol (0.9 mL) wés slowly added.It
was stirred at 25-30 °C for 22 h. It was dumped into dil. aq. NaOH solution till 8-9 pH.
Solid precipitated. It was fillered. Filterate was transferred into a separating funnel. It
was extracted twice with ethyl acetate (20 mL). Both the extracts were combined and
washed with water and brfne solution. Organic layer was collected énd dried over

anhyd. Sodium sulfate. Solvent was distilled out at reduced pressure and to obtaih

crude (R)-4-oxo-4-[3~(trifluoromethyl)-5,6-dihydrol[1 ,2,4]triazolo[4,3-a]pyrazin-7(8H)-

yl]-1-(2,4,5-trifluorophenyl)butan-2-amine. After- usval acid-base purification pure -
product was obtained. (Wt.-0.180 mg, % Purity by HPLC- 59.4 %)
| Example 26 ,

Preparation of (R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
a]py_raiin-_?fSH)—yl]-l-(2,4,5-trifluorophenyl)butan-Z-amine ‘ |

~Ina?2s mL round bottom flask 35 % cbnc.HCI (4.6 mL), Zinc dust (225 mg)
and crude (R)-3-azid0-l-[3-(triﬂuorémethyl)—S,6-dihydro[I,2,4]triazolo[4,3-a]pyrazin- |
7(8H)-yl]-1-(2.4.5-trifluorophenyl)butan-2-one (0.3 g) were taken. It was heated to 80-

. 85 °C and stirred for 4 h. It was dumped into dil. ag. NaOH solution till 8-9 pH. Solid

precipitated. It was filtered. Filtrate was transferred into a separating funnel. It was
extracted twice with ethyl acetate (20 mL). Both the extracts were combined and
washed with water and brine solution. Organic layer was collected and dried over
anhyd. sodium sulfate. Solvent was distilled out at reduced pressure and to obtain crudé
(R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2.4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-
(2,4,5-trifluorophenyl)butan-2-amine. (Wt.-0.105 mg, % Purity by HPLC-.53.6 %)
After usual acid-base purification pure product was obtained. _ | '
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‘ _ Example 27 . v
Preparation of (R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro|1,2,4|triazolo[4,3-
a|pyrazin-7(8H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-amine

In a 25 imL round bottom flask methanol (3.0 mL) and crude (R)-3-azido-1-[3-

. (trifluoromethyl)-5,6-dihydro[ 1.2,4]triazolo[4.3-a]pyrazin-7(8H)-yl}-1-(2,4,5-

triﬂuorophenyl)b‘utan-2-one (0.3 g) were taken. It was cooled to 0-5 °C. To the reaction
mixture NiCl.6H,0 (83 mg) and NaBH, (270 mg) were added. It was stirred for S h at -
0-30 °C. After that again NiCl,.6H,0 (83 mg) and NaBH4 (270 mg) were added into
the reaction mixture. It was futher stirred for 4 h. lt‘was dumped into water (12 mL).

Solid precipitated. It was filtered. Filterate was transferred into a separating funnel. It

- was extracted twice with ethyl acetate (12 mL). Both the extracts were combined and

washed with water and brine solution. Organic layer was collected and dried over
anhyd. Sodium sulfate. Solvent was distilled out at reduced pressure and to obtain
crude (R)—4-oxo-4{3-(triﬂuoromethy])-5.6-dihydro[ 1.2.4]triazolo[4.3-a]pyrazin-7(8H)-
yl}-1-(2.4.5-trifluorophenyl)butan-2-amine. (Wt.-0.190 mg. % Purity by HPLC- 406‘
%). After usual acnd base purification pure product was obtained.
_ Example 28

Preparation of (R)-4—0x0-4-i3-(triflu0romethyl)—5,6-dihydr0[1,2,4]triazolo[4,3—
a]pyrazin-7(8H)-yl}-1-(2,4,5-trifluorophenyl)butan-2-amine

In a 25 mL round bottom flask methanal (3.0 mL) and crude (R)-3-azido-1- [3-'
(trifluoromethyl)-5,6-dihydro] | ,2,4]tr1azolo[4,3-a]pyrazm-7(8H)-yl]- 1-(2,4.5-
trifluorophenyl)butan-2-one (0.3 g) were taken. Té the reaction mixture SnCl,.2H,0
(265 mg) was added. It was stirred for 22 h-at 25-30 °C. After that again SnCl>.2H,O
(265 mg) was added into the reaction mixture. It was futher stirred'»'for 17 h at 25-30 °C
and ‘7‘h'kat 55-60 °C. Distilled out the solvent at reduced pressure. To the residue dil.
aq. NaOH solution was added upto ~ 9 pH. The solution was transferred into a
separating funnel. It was extracted twice with éthyln acetate (12 mL). Both the extracts
were combined and washed with water and brine solution. Organic layer was collected
and dried over anhyd. Sodium sulfate. Solvent was distilled out at reduced pressure and
to' obtain crude (R)—4~oxo—4-'[3-(triﬂuoromethyl)—5,6-dihydré[I,2.4]triazolo[4,3_-
a]pyrazin-7(8H)-yl]-I-(l4._5-lriﬂuorophenyl)butan—Z-amine. (Wt.-0.170 mg, % Purity
by HPLC- 45.9 %). After usual acid-base purification pure product was obtained.
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, _Example 29 :
Preparation of (R)-4-0xo-4-[3-(triﬂuorométhyl)—5,6-dihydr0|1,2,4]triazolo[4,3-
a|pyrazin-7(8H)-yl|-1-(2,4,5-trifluorophenyl)butan-2-amine

In a 25 'mL round b_o'ttom flask pyridine (1.5 mL) and crude (R)-3-azido-1-[3-.

* (trifluoromethyl)-5,6-dihydro[ 1,2.4]triazolo[4.3-a]pyrazin-7(8H)-yl]-1-(2.4.5-

trifluorophenyl)butan-2-onc (0.3 g) were taken. To the reaction mixture

triphenylphosphine (363 mg) was added at 25-30 °C. After. 1 h aq. 25 % NHj solution
(0.55 mL) was added at 25-30 °C and stirred for 7_2 h. After that again
triphenylphosphine (180 mg) and aq. 25 % NH; solution (0.27 .mL) were added at 25!- ‘
30 °C and stirred for 5 h. Distilled out the solvent at réduced pressure. The sticky mass
was triturated with three times with‘hexane. Distilled out traces of solvent at reduced
pressure to obtain crude solid. (Wt.-0.520 mg, % Purity by HPLC- 109 %).

Example 30 '
Preparation of (R/S)-3-(1,3—dioxoisoindolin-2-yl)-1-[3-(trifluoromethyl)-5,6-
dihydro]l,2,4|triazolo 14.3-alpyrazin-7(8H)-yl]-4-(2,4,5-trifluorophenyl)butan-1-
one : | |
OR
(R/S)-2-(4-0x0-4(3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a] pyrazin-
7(8‘H)-yl)-1-(2,4,5-trifluorophenyl)'butan~2-yl)isoindoline-l ,J3-dione ,

In a dry. 50 mL round. bottom flask, (R/S)-3-hydroxy-1-(3-(trifluoromethyl)-
5,6-dihydro-[1,2.4]triazolo|4,3-a]pyrazin-7(8H)-yl)-4-(2,4.5-trifluorophenyl)butan-1-
one (1.0 g) and dry THF (20 mL) were charged at 25-30 °C under N, atmosphere. To
the clear solution triphenylphosphine (0_..960 g) and phthalimide (0.540 g) were added at
25;30 °C and stirred for 10 min. After that DIAD (0.740 g) was added drop by drop
over a period of 10-15 min. It was stirred for 2 h at 25-30 °C. The reaction mixture was
dumped into water and extracted with ethyl acetate. The organic layer was washed with’
water and brine solution. It was dried over anhydrous sodium sulfate. It was distilled
out at reduced. pressure to obtain the crude title compound (Wt.-239¢ |

ESI-MS shows 537 (M-H)" value of the product.
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Example 31

Preparation of (R/S)-3-(benzylamino)-1-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]tri-

azolo [4,3-a].pyraziri-7(8H)—yl]-4-(2,4,5—triﬂuorophenyl)butan-l-one OR
3-[(benzyl)amino)-4-(2‘,4,5-trifluorophenyl)butaﬁoyl]-3-triﬂuoromethyl-5,6,7,8-

~ tetrahydro-1,2,4-triazolo[4,3-a]pyrazine

In a dry, 50 mL round bottom flask, (R/S)-3-hydroxy-1-(3-(trifluoromethyl)-

v 5,6-dihydr0-[ 1,2.4]triazolo| 4.3-a]pyrazin-7(8H)-yl)-4-(2,4,5-triﬂuorophen"yl)butan-I -

one (1.0.¢) and dry THF (20 mL) were charged at 25-30 °C under N, atmosphere. To
the clear solution triphénylphosphine (0.835 g) was added at 25-30 °C. After 10 min.
benzylamine (0.350 mL) and DIAD (0.630 ¢) was added drop by drop over a period of

- 10-15 min. It was stirred for 26 h at 25-30 °C. The reaction mixture was dumped into

water and extracted with ethyl acetate. The organic layer was washed with water and
brine solution: It was dried over anhydrous sodium sulfate. It was distilled out at
reduced pressure to obtain the crude title compound (Wt.- 2.19 g, HPLC purity shows

very small amount of product formation).

Example 32

‘Preparation of (R)-N-(4-methylphenylsulfonyl)-N’-t-butoxycarbonyl)-4-oxo-4-[3-

(trifluoromethyl)-5,6-dihydro|1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl|-1-(2,4,5-
triflu:orophe.nyl)butan-Z-am}ine

Ina dfy—, 50 mL round bottom flask, (S)—3-hydrdx_y—l-(3-(triﬂuoro:ﬁethyl)-S,6-
dihydro;[ 1 ,2.4]triazolb[443-a]pyrazin-7(8H)-yl)-4-(2,4,5-triﬂuorophenyl)butan-l -one
0.5 g), N-(t—butcharbonyl)—p-toluenesulfonamide (0.332 g) and dry THF (10 mL)
were charged at% 25-30 °C under N; atmosphere. To the clear solution
triphenylphosphine(0.960 g) was added at 25-30 °C_ and stirred fér 10 min. After that
DIAD (0.618 g) was added drop by drop over a period of 10-15 min. It was stirred for 2

“h at 25-30 °C. The reaction mixture was dumped into water and extracted with ethyl

acetate. The organic fayer was washed with water and brine solution. It was dried over
anhydrous sodium sulfate. It was distilled out at reduced pressure to obtain the crude
title compound (Wt.- 1.9 ¢) | -
ESI-MS shows 560 (M-H) value of the product.

- ~ Example33
Prep?ration of (R/S)-3-azido-1-[3-(trifluoromethyl)-5,6-dihydro|1,2,4]triazolo[4,3-
a]pyrazvi‘n-7(8H)-yl|—1-(2,4,5—triﬂuor0phenyl)butan—2-one
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. In a 25 mL round bottom flask b(R/S)-4-oxo-4—[3-(t'riﬂuoromethyl)—5,6-
dihydro[l,2,4]triazolo[4,3-a]pyrazin-7(8H)—yl]-I-(2,4’,5—t‘riﬂuoropher.)yl)butan-Z-yl, v b-
toluenesulfonate (0.200 g), and dimeth);lformamide (2.0 mL) and tributyl
héxadeéylphosphonium- bromide (18 mg) were charged. Subsequently, sodium az_ide
(57 mg) was added at 24-30 °C into the reaction mixture. The reaction mixture was
stirréd for 6h at 24-30 °C and 8 h at 40-45 °C. The reaction mixture was added into cold
water and extracted with ethyl acetate. The organic layer was washed with water and
brine solution, it was dried over anhydrous sodium sulfate. It was distilled out at
reduced pressure to obtain the title compound ‘(Wt.-l86. mg, % Purity by HPLC- 44.4
%). | |

Example 34
Preparation of (R)-4-oxo-4-[3-(trifluoromethyl)-5,6-dihydro|1,2,4}triazolo[4,3-
a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine ‘

In a 250 mL round bottom flask crude (R)-3-azido-1-[3-(trifluoromethyl)-5,6-
dihydro[1 ,2,4]triézolo[4,3'-a]pyrazin-7(8H)-yl]-l -(2.4,5-trifluorophenyl)butan-2-one
(9.5 g), methanol(90 mL), ammonium chloride (2.1 g) and water (4.75 mL) were
taken. The reaction mixture was stirred for 10-15 min. to dissolve the solid at 25 to 30
°C. After that Zinc metal powder (2.85 g) was added. It was stirred for 6 h at 25 to 30

°C. Again Zinc metal powder (2.85 g) and ammonium chloride (2.1 g) were added. It

- was further stirred for 17 h at 25 to 30 °C . It was filtered through hyﬂosupercell bed

- using Buchener flask and funnel. The hyflosupercell bed was washed with methanol.

The filtrate was collected and transferred into a 500 mL one neck round bottom flask.
Solvent was distilled out at reduced pressure to obtain crude (R)-4-oxo-4-[3-

(trifluoromethyl)-5.6-dihydro[ | ,2,4]triazolo[4,3-a]‘pyrazin-7(8H)-yl]- 1-(2.4.5-

'_triﬂuorophenyl)butah-2-amine (Wt.-9.2 g % Purity by HPLC- 75.6 %). After usual

acid-base purification pure product was obtained. (Wt.-6.6 g, % Purity by HPLC- 96.9

" %, Chiral Purity by HPLC- >99.5 %).

Example 35
Prepération of Monohydrate phosphate salt of (R)—4-0x0‘-4-[3-(tri'_ﬂu0romethyl‘)¥
5,6-dihyjdro[l,2,4]triazolo[4,3-a]pyrazin—7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-
2-aminé -
| In a 250 mL round bottom flask (R)-4-0xo-4.-[3-(triﬂuoromethyl)-5,6-
dihydro[1.2.4]triazolo[4.3-a]pyrazin-7(8H)-yl]-1-(2.4,5-trifluorophenyl)butan-2-amine
(6.0 g) from example 34. isopropanol (25.5 mL), and water (6.6 mL) were téken. The
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reaction mixture was stirred for 10-15 min. to dissolve the solid at 25 to 30 °C After

that 4.35 ml'45 % aq. phosphoric acid (1.14 mL 85 % H;PO4 was diluted upto 4.35 mL

~ volume by adding water) was added drop by drop over 20-30 min. at 25-35 °C. It was

heated to 78 °C and stirred for 5-10 min. at 78 °C. Then it was cooled to 67-68 °C and

 stirred for 3 h at 67-68 °C. It was slowly cooled to 30 °C at a rate of 12 °C/h. To the

clear reaction mixture seed of monohydrate phosphate salt of title .compound (10 to 20
mg) was added. It was further stirred for 17 hat 25-30 °C. To the thick sulrry -
isopropanol (18;6 mL) was added drop by drop and It was further stirred for Ihat25 to
30 °C. The solid salt was filtered using Buchener flask and funnel. The;solid was
washed with aq. isopfopanol (18 mL, 14.4 mL isopropanol + 3.6 mL water). The solid

was dried under reduced pressure to obtain Monohydrate phosphate salt of (R)-4-oxd-

‘4-[3-(triﬂuoromethyl)-5~6—dihydro[ 1 ,2.4}triazoio[4,3-a]pyrazin-7(8H)-yl]- 1-(2.4.5-

triﬂuordphenyI)butan-2-amine (Wt.26.7g, % Purity by HPLC- 99.5 %, Chiral Purity by
HPLC- >99.5 %). | -
SOR [o]p> : -20.9° (¢ | in H20), % water -3.4 %.
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We claim:

1. A process for the preparation of compound Formula (I) or its salts either in its
racemic (R/S) form or any of its optically active (S) or (R) forms or enantiomeric
excess mixture of any of the forms comprising; ,

a) 'reacting 4-oxo-4-[3-(triﬂuoromethyl)—S,6-dihydro[1,2,4]triazolo[4,3-a],pyrazin- :
7(8H)-yl]-1- (2,4,5-trifluorophenyl)butan-2-one of formula_ (V) or its metal ion salt: |

Formula (V)

with a suitable enzyme or its variants that reduce a ketone to form an alcohol, to obtain
3-hydroxy-1-(3 -(triﬂuoromethyl)-S,6-dihydro-[ 1 ,2,4]triazo‘lo[4,3-a] pyrazih-7(8H)—yl)- ‘
4-(2,4,5-trifluorophenyl) butan-1-one of formula (IV), in racemic (R/S) form or ahy-of
its optically active (S) or (R) forms or their enantiomerically excess mixtures;

(b) reacting 3-hydroxy-1-(3-(triﬂuoromethyl)-S,6-dihydro-[l,2,4]tri‘azolo[4,3'_- ‘

- a]pyrazin-7(8H)-yl)-4-(2,4,5-trifluorophenyl) butan-1-one of Formula (IV) either in its

‘racemic (R/S) form or any of its optically active (S) or (R) forms or enantiomeric

excess mixture of any of the forms
F

OH o
, N/\lé"\
F avy N/
-

with a suitable reagents that activates the hydroxyl group to obtain compound of

3

* Formula (II) wherein ‘R’represents a suitable leaving group such as suitable

caboxylate, suitable sulfonate, suitable phosphate and suitable oxyphosphonium ion,

with retention of configuration;
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(c) optionally, isolating the compound of Formula (III);

F (I CN'/\(N

(d) converting compound of Formula (III) to compound of Formula (II) with inversion
of configuration, wherein R, represent suitable azide group, suitable cyclic imido
group, suitable aralkylamino group, suitable sulfonamido group, by using suitable -

amine equivalent, optionally with suitable additives in suitable solvents;

F

F Ry o

N /N\
F an | C/\J‘/\’{N

CF,
(e) suitably deprotecting or reducing the compound of Formula (II) or employing
suitable chemistry to obtain compound of Formula () with retention of configuration.
2. The process as claimed in claim 1 ih step (a), wherein the suitable enzyme is an:
oxidoreductase enzyme.
3. The process as claimed in claim 1 in step (b), wherein suitable reagents used is
selected from suitable acid chlorides, suitable anhydrides, suitable sulfonyl cl;lorides,
suitable chloro phosphates and suitable oxyphosphonium ions. _
4. The process as claimed in claim 3, wherein suitable acid chlorides used is selected
from acetyl chloride, benzoyl chlorides and substituted benzoyl chlorides; _
5. The process as claimed in claim 3, wherein suitable anhydrides used is selected from |
acetic anhydride, triﬂuoroazetic anhydride, Eand triflic anhydride.
6. The process as claimed in claim 3, wherein suitable sulfonyl chlorides used is
selected from methanésulfonyl chlori&e, 2,2,2-triﬂuoroethanesulfonyl chloride,

benzenesulfonyl chloride, p-toluenesulfonyl chloride, p-nitro benzenesulfonyl

" chlorides.

7. The process as claimed in claim 3, wherein suitable chloro phosphates used is diethyl .

chloro phosphate
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8. The process as claimed in claim 3, wherein suitable oxyphosphonium ion used is

selected from trialkylphosphine such as tributylphosphine, tri-t-butylphosphine;

_cycloalkylphosphines, arylphosphihes with azodicarboxylates.

9. The process as claimed in claim{ 3, wherein when suitable acid chlorides, suitable
anhydrides, suitable sulfonyl chlorides, suitable chloro phosphates is used as reagent,
suitable solvent used is selected from suitable ethers, suitable _chlorinated solvents,' :
suitable nitriles, suitable hydrocarbons, suitable aprotic polar solvents or their suitable
mixtures. '

10. Tl{e process as claimed in claim 1 in step (b), when suitable acid chldrides, suitable
anhydrides, suitable sulfbnyl chlorides, suitable chloro phosphates is used as reagent,

suitable base used is selected from suitable C(1.5) alkyl amines, suitable C(1-s) substituted

alkyl amines, heterocyclic saturated or unsaturated amines selected from asmorpholine,

piperidine, pyrollidine, DBU, DBN, 1,4-diazabicyclo[2,2,2]oétane, dimethylamino
pyridine and pyridine; hydrides selected from NaH; n-BuLi, LDA and KHMDS or

"mixtures of suitable bases.

11. The process as claimed in claim 1 in step (b), wherein suitable acid chlorides,
suitable anhydrides, suitéble sulfonyl chlorides, suitable chloro phosphates is used as -
reagent, the reaction is carried out at temperature ranging from -10 °C to 70 °C ,
preferably the temperature is -10 °C to 50 °C.

12. The process as claimed in claim 1 in step (b), wherein. when suitable
oxyphosphoniux;n ioh is used as a reagent, the suitable solvent used is selected from
suitable ethers selected from diethyl ether, 1,4-dioxane, dimethoxy ethane, dietho}(y

ethane, DIPE, MTBE, THF, 2-methyl tetrahydrofuran or their suitable mixtures.

~13. The process as claimed in claim 12, wherein when suitablc oxyphosphonium ion is

used as a reagent, the reaction is carried out at temperature ranging from -10 to 50 °C,
preferably the temperature is -10 to 30 °C. ‘

14. A process as claimed in claim 1 in step (c), wherein the compound of formula (II),
when ‘R’ represents a éaboxylate, sulfonate and phosphate is isolated. _

15. A process as claimed in claim 1 in step (d), Wherein suitable amine equivalent used
is selected from suitable -N3 (azides), suitable cyclic imides, suitable aralkyamines and
suitable sulfonamides. . . :

16. A process as claimed ih claim 15, wherein suitable azides is selected from HNj,
NaN3, LiNj, Zn(N3),, Cu(N3),, tetrabutylammbnium azide; suitable cyclic imides is
selected from phthalimide, succinimide; suitable aralkylamines is selected from
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benzylamine, p-methox’yb.enzylamine, o-methylphenethylamine, tritylamine; suitable

sulfonamides is selected from p-toluene sulfonamide, sulfamic écid, N-(t-

butoxycérbonyl)-p-toluenesulfonamide. ' ‘ | |
17. A process as claimed in claim 1 in step (d), wherein suitable additives used is -
selected from suitable phase transfer catalysts selected from trialkyl ammonium

halides, - tetraalkyl * ammonium halides, trialkyl ammonium acetates, tetraalkyl

ammonium acetates, trialkyl ammonium hydroxides, tetraalkyl ammonium hydroxides,

trialkyl ammonium sulfates, tetraalkyl ammonium sulfates, trialkyl ammonium

tetrafluoroborate, tetraalkyl ammonium tetrafuloroborate, trialkyl phosphonium halides, .
tetraalkyl phosphonium halides, tetrapenyl phosphonium halides, pyridinium halides,

Aliquat,_Adogen, crown ethers, silicon analouges of crown ethers, PEG, TDA-1.

18. The process as claimed in claim 1 in step (d), wherein the suitable solvent used is

selected from suitable ethers, suitable chlorinated solvents, suitable hitriles, suitable
hydrocarbons, aprotic polar solvents selected from DMF, DMA, DMSO; N-methyl
pyrrolidone, HMPA, pyridine and water or their suitable mixtures.

19. The process as claimed in claim 1 in step (d), wherein the reaction is carried out at

‘temperature ranging from -10 to 100 °C, preferably the temperature is -10 to 30 °C

20. The process as claimed in claim 1 in step (e), wherein suitable reducing agent used

s selected from metal catalyst selected from Pd/H,, PtH,, Pd/Al,03, Pd-CaCOs;,

Pd(OH),, PdO, PtO,, Pd-C/HCOOH, Pd-C/HCOONH,, Pd(OH),-C/N,H,, Pd-C/NaBH,4
. Mg, Ca, Zn, Zn-HCl, Zn-CH3COOH, SnCl,, SnCl,/thiophenol, Zn/NH,4Cl, Zn/AICl5;

~ Lindlar catalyst; Boron containg reducing agents selected from BH3;, NaBH,, LiAlH,,
'Zn(BH4)2, HBCL-Me,S, * LiBH3;NMe,, NaBH4Phase Transfer Catalyst,

NaBH4/NiClL,.6H,O, NaBH4/Ni(OAc,), NaBH4/1,3-propanedithiol; sulfur compounds
selected from HS(CH2)3SH/Et3N, PhSH; Phosphorous containing compounds .

21. The 'procéss as claimed in claim 1 in step (e), wherein the suitable solvent used is
selected from élcohols, ethers and water or their suitable mixtures. -

22. The process as cléimed in claim 1 in step (€), wherein the reaction is carried out at
temperature raﬁging from 0 to 80 °C, preferably the temperature is 20 to 40 °C

23. Thei process as claimed in claim 1,‘ also including thc step of, converting the
compound of Formula (IV) directly to the compound> of Formula (IT) with inversion of -
configuration, by using suitable'amine. equivalent, optionally using suitable additives in

suitable solvents.
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24. The process as claimed in claim 23, wherein suitable amine equivalent used is
selected from suitable cyclic imides, sqitable aralkylamineé, and suitable sulfonamides.
25. The process as claimed in claim 23, wherein suitable solvent used is selected from
suitable ethers or their suitable mixtures. .

26. The. process as claimed in claim 23, wherein suitable additives used is selected from
suitable phase transfer catalysts selected from trialkyl ammonium halides, tetraalkyl
ammonium halides, trialkyl ammonium acetates, tetraalkyl ammohium acetates, trialkyl
ammonium hydroxides, tetraalkyl ammonium hydroxides, trialkyl ammonium sulfates,
tetraalkyl ammonium sulfafes; trialkyl ammonium tetrafluoroborate, tetraalkyl :
ammonium tetrafuloroborate, trialkyl phosphonium halides, tetraalkyl phosphonium
halides, tetrapenyl phosphonium halides, pyridinium halides, Aliquat, Adogen, crown
ethers, silicon analouges of crown ethers, PEG, TDA-1.

27. The process as claimed in claim 1, also incl{uding the stép of, converting the
compound of Formula (III) directly to the compound of Formula (I) with inversion of
configuration, by using suitable aminé equivalent in sutable solvent.

28. The process as claimed in claim 27, wherein suitable amine equivalent used is
selected from ammonium acetate, ammonium carbonate, ammonium hydroxide,
ammonium fonﬁate, ammonium lactate, ammonium citrate dibasic, ammbnium
carbaméte, ammonium benzoate.

29. The process as claimed in claim 27, wherein suitable solvent used is selected from

‘alcohols, ethers and water or their suitable mixtures.

30. The compound of structural formula (III) in racemic (R/S) form or any of its

optically active (S) or (R) forms or their enantiomerically excess mixtures

F

F. R o

N/YN\
F (1 N- /N
"

wherein ‘R’ represents suitable alkyl carboxylate group selected from —OCOCHs;

3

haloalkyl carboxylate group selected from -OCOCFs;; aryl carboxylate group selected -
from —OCOPh, substituted -OCOPh; ' élkoxy carboxylate group selected from -
OC(O)OCHCHj; alkyl sulfonates group selected from -OSO,CH,CHj; — haloalkyl
sulfonate group selected from, -OSO.CFs, -OSO.CH)CFs; aryl sulfonates group
selected from -OSOzPh; substituted —OSO,Ph selected from
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alkoxy phosphates group selected from —OP(O)(OEt);; an oxyphosphonium ion
leaving group selected from -OP*(X); where ‘X’ selected from alkyl groups, aryl

groups, cycloalkyl groups.‘

31. A compound of structural formula (II)‘ in racemic (R/S) form or any of its optically

active (S) or (R) forms or their enantiomerically excess mixtures

~ N/\|4N\
F an k/"\’( "
CF,

. Wherein ‘R;’ represents araalkyamino group selected from -NHCH,(4-OCH;Ph),
—~NHCH(CH3)Ph, -NHCH(Ph)s; '
sulfonamido group selected from,
O,
: /S O
NHSO;H, — HNOZS—Q—CH& - un_ :

COOC(CH3),
0

~ imido group selected from -

N .

32. The process for the prepa;gon of compound Formula (I) 6r its salts either in its
racemic (R/S) form or any of its optically active (S) or (R) forms or enantiomeric
excess mixture of any of the forms comprising;

(i) reacting 3-hydroXy-1-(3-(triﬂuoromethyl)-s,6-dihydro-[1,2,4]triazolo[4,3-a]pyrazin- s
7(8H)-yl)-4-(2,4,5-trifluorophenyl) butan-1-one of Formula (IV) either in its racemic
(R/S) form or any of its optically active (S) or (R) forms or enantiomeric excess
mixture of any of the forms with a p-toluenesulfonyl chloride or p-nitro
benzenesulfonyl chloride to obtain compound of Formula (III) wherein ‘R’represents p-
toluenesulfonﬂ group or p-nitro benzenesulfonyl group, with retention of |
configuration; | - -
(i) optionally, isolating the compound of Formula (II) wherein ‘R’represents .p-

toluenesulfonyl group or p-nitro benzenesulfonyl group;
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(iii) converting compound of Formula (IIT) wherein ‘R’represents p—tolueri_esulfonyl
group or p-nitro benzenesulfonyl group to compound of Formula (II), wherein
‘Rl’represents —-N; group with inversion of configuration by using suitable azide,
optionally with suitable additives in suitable solvents; o

(iv) reducing the compound of Formula (II) wherein ‘R;’represents —N3 group to obtain
compound of  Formula @ with retention of  configuration. -

33. The process as claimed in claim 32 in step (i), wherein suitable solvent usedv is

selected from suitable chlorinated solvents, suitable nitriles, suitable hydrocarbons,

suitable aprotic polar solvents, pyridinc or their suitable mixtures. ‘
34. The process as claimed in claim 32 in step (i), wherein suitable base used is selected
from | heterocyclic saturated or unsaturated amines selected from morpholine,
piperfdine; pyrollidine, DBU, DBN,. 1,4-diazabicyclo[2,2,2]octane, dimethylamino
pyridine and pyridine;' hydrides selected from KHMDS or mixtures of suitable bases.
35. A process as claimed in claim 32 in step (iii), wherein suitable azides is selected
from HNj3, NaNs, LiN3, Zn(N3);, Cu(N3);, tetrabutylammonium azide.

_.36. A process as claimed in claim 32 in step (iii), wherein suitable additives used is

selected from suitable phase transfer catalysts selected from trialkyl ammonium
halides, tetraalkyl ammonium halides, trialkyl ammonium acetates, tetraalkyl
ammonium acetates, trialkyl ammonium hydroxides, tetraalkyl ammonium hydroxides, -
trialkyl ammonium sulfates, tetraalkyl ammonium sulfates, trialkyl am'rhonium
tetrafluoroborate, tetraalkyl ammonium tetrafuloroborate, trialkyl phosphonium .halides,
tetrazilkyl phosphonium halides, tetrapenyl phosphonium halides, pyridinium halides,
Aliquat, Adogen, crowni ethers, silicon analouges of crown ethers, PEG, TDA-: 1.

37. The process as claimed in claim 32 in step (iii), wherein the suitable solvent used is .
selected from suitable ethers, suitable chlorinated solvents, suitable nitriles, suitable
hydrocarbons, aprotic polar solvents selected from DMF, DMA, DMSO N-methyl
pyrrolldone HMPA, pyridine and water or their suitable mixtures. '
38. A process as claimed in claim 32 in step (iv), wherein suitable reducing'agent used
is sclected from metal catalyst selected from Pd/H;, Pt/H,;, Pd/Al,03, Pd-CaCOs,
Pd(OH),, PdO, PtO,, Pd-C/HCOOH, Pd-C/HCOONH,4, Pd(OH),-C/N,H,, Pd-C/NaBH,4
,Mg, Ca, Zn, Zn-HCIl, Zn-CH3COOH, SnCl;, SnCly/thiophenol, Zn/NH.Cl, Zn/AlCl;;

~ Lindlar catalyst; Boron containg reducing agents selected from BH;, NaBH,, LiAlH,,

Zn(BH4)2, HBCl-Me,S, LiBH3NMe2,' NaBH4/Phase Transfer Catalyst,
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NaBH4/NiCl,.6H,0, NaBH4/Ni(OAc,), NaBH4/1,3-pr0panedithiol; sulfur éompdunds
selected from HS(CH,);SH/Et;N, PhSH.
39. The process as claimed in claim 32 in step (iv), wherein the suitable solvent used is

selected from alcohols, ethers and water or their suitable mixtures.
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