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5 (f) 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazbfa]pyrazin-2-yl]-2,2-dimethyl-
propanoic acid (TFA salt, containing massive inargaalt) is a sticky semi-solid, causing poor

conversion and more impurities in final step, whieads to HPLC purification for the final API.

Based on the issues above, one object of the emieots disclosed herein therefore is to
find an alternative efficient synthetic approachahican be applied on a technical scale and/or
10 result in obtaining the product in a higher yiefdléor desired purity. Addressing any of the

issues (a) to (f) mentioned above is also one@btijects of the embodiments disclosed herein.
SUMMARY

One aspect of the present disclosure relates tocegs for the preparation of a compound

of the formula (1),

15
wherein
R' is phenyl, which is unsubstituted or substitutéthwne, two or three substituents
independently selected from halogen andalkyl;
R?is Cpealkyl;
20 R%is -CGHox;

Xisl1,2,3,4,5 60r7;

or pharmaceutically acceptable salt or diasteredhezeof;
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5 comprising one or more of the following steps:
step a) the formation of the isocyanate (lll),
C//N\R‘h)—[/ O
0~ |
° (),
wherein Ris -CHa-; xis 1,2, 3,4, 5,6 or 7;

step b) the formation of urea (V) via the additreaction of isocyanate (Ill) and compound

10 (IV),
o] o]
oY
N
o]
|l
H
4, —N O
o/ \ 3
R
)O/J%O
V),
wherein Ris -CHa-; xis 1,2, 3,4, 5,6 or 7;
step c) the formation of the compound of formuld) (xa the cyclization reaction of urea
),

15 V1),



-3b-
5 wherein B is -GHyy-: Xis 1, 2, 3, 4,5, 6 or 7;

step d) the formation of the compound of formuldl¥y protection of the compound of

formula (VI),

_0 O
R “
N

A

// N
(@] \Rs

A

o)

P

wherein Ris -GHay-; X is 1, 2, 3, 4, 5, 6 or 7; R isi@alkyl;

0]

(v,

10 step e) the formation of the compound of formuldljWia selective reduction of the
compound of formula (VII),

O O
R/\f

8

D

74
\
(@] R3

B

o]
(vVI),
wherein Ris -GHay-; X is 1, 2, 3, 4, 5, 6 or 7; R isi@alkyl;

step f) the formation of the compound of formubg) (via hydrolysis of the compound of
15 formula (VIII),
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wherein Ris -GHay-; X is 1, 2, 3, 4, 5, 6 or 7; R isi@alkyl;

step g) the formation of compound of formula (X)d®rprotection of the compound of

formula (I1X),

ZT

N
//\\N
R

Ho/J§

10 wherein Ris -GHoy-: Xis 1, 2,3, 4,5, 6 or 7;

()

(X),

step h) the formation of compound of formula (XM Biginelli-like reaction,

(XIV),

wherein R is phenyl, which is unsubstituted or substitutéthwne, two or three

substituents independently selected from halogerCagalkyl; R is Cy.calky!;
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5 step i) the formation and recrystallization of gr@ntiomeric salt of compound of formula
(XVI) or solvate,

2 9 R1
R B
O N . Acid
|J\/S
N™ Y
H NJ

(XVI),

wherein R is phenyl, which is unsubstituted or substitutéthwne, two or three
substituents independently selected from halogerCagalkyl; R? is Ci.calkyl; acid is D-(+)-
10 DTTA, L-DTTA, L-Tartaric acid, D-DBTA, (+)-CSA, (S}+)-1,1-Binaphthyl-2,2’-diyl
hydrogen phosphate or (R)-(-)-1,1’-Binaphthyl-2¢&4 hydrogen phosphate;

step j) the recovery of enantiomeric compound afida (XVII) from its enantiomeric
salt of formula (XVI) or solvate,

(XVII),

15 wherein R is phenyl, which is unsubstituted or substitutéthwne, two or three

substituents independently selected from halogerCagalkyl; R is Cy.calky!;

step k) the formation of compound of formula (X\Nfa the bromination reaction of
compound of formula (XVII),

Br
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5 wherein R is phenyl, which is unsubstituted or substitutéthwne, two or three

substituents independently selected from halogerCagalkyl; R? is Cy.calky!;

step I) the formation of compound of formula (Ix¥he substitution reaction of compound

of formula (XVIII) with compound of formula (X) ,

can g

o N
L
N
ol
O// N\Rs
HO/J§O

10 wherein R is phenyl, which is unsubstituted or substitutéthwne, two or three

(0,

substituents independently selected from halogerCagalkyl; R? is Ci.galkyl; R® is -CHay-; X
is1,2,3,4,560r7.

The present disclosure also relates to a novekgsofor the preparation of a compound of
the formula (X):

15 (X),

wherein Ris -GHa-; X is 1, 2, 3, 4, 5, 6 or 7; or pharmaceuticallgeptable salt,

enantiomer or diastereomer thereof.
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Another aspect of the present disclosure relatagptmcess for the preparation of a

compound of the formula (X),

wherein

R®is -GHax;

xis1,2,3,4,5 6o0r7,

or pharmaceutically acceptable salt, enantiomeliastereomer thereof;
comprising one or more of the following steps:

step a) the formation of the isocyanate (lll),

/C//N\R3 Ov
o~ |
© (),

wherein Ris -GHoy-: Xis 1, 2,3, 4,5, 6 or 7;
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5 step b) the formation of urea (V) via the additreaction of isocyanate (Ill) and compound

(v),
(0] (0]
oY
N
ol
(0]
NL |
H
(0]
O// N\3

O/ILO
p

wherein B is -GHyy-: Xis 1, 2, 3, 4,5, 6 or 7;

V),

step c) the formation of the compound of formul#) (&a the cyclization reaction of urea

10 (V)
N
[N _0
o//\\N\ 3

V1),

wherein B is -GHyy-: Xis 1, 2, 3, 4,5, 6 or 7;
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5 step d) the formation of the compound of formul#l\¥y protection of the compound of

formula (VI),

O O
R/\f

N

:

N O
—

-

O// \ 3

(v,
wherein Ris -GHay-; X is 1, 2, 3, 4, 5, 6 or 7; R isi@alkyl;

step e) the formation of the compound of formuldijWia selective reduction of the

10 compound of formula (VII),

_0 O
R “
N

.

N

//\\N

\
(0] R3

o/&o

(VII),

wherein Ris -GHa-; X is 1, 2, 3, 4, 5, 6 or 7; R is.@alkyl;
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5 step f) the formation of the compound of formubg) (via hydrolysis of the compound of
formula (VIII),

Ho/&o

wherein Ris -GHay-; X is 1, 2, 3, 4, 5, 6 or 7; R isi@alkyl;

(1X),

step g) the formation of compound of formula (X)d®tprotection of the compound of
10 formula (1X),

//\\N

\
(0] R3

Ho)%o

(X),
wherein B is -GHyy-: Xis 1, 2, 3, 4,5, 6 or 7.

Compound of the formula (X) is a key intermediat¢he synthesis and manufacture of

pharmaceutically active compound of formula (Idascribed herein.
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DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

As used herein, the term Galkyl” signifies a saturated, linear- or branchédia alkyl
group containing 1 to 6, particularly 1 to 5 carlaoms, for example methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyltert-butyl and the like. Particular “Galkyl” group is methyl or ethyl.

The term “halogen” signifies fluorine, chlorine oomine or iodine, particularly fluorine or

chlorine.



