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(57) ABSTRACT

A process for preparing compounds of formula (I), or a salt
or solvate thereof, including Brexpiprazole, which process
comprises cyclization of a compound of formula (II) or (I1I),
or a salt or solvate thereof. The invention also refers to
intermediates of said process.
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1
PROCESS AND INTERMEDIATES FOR THE
PREPARATION OF BENZO[B]THIOPHENE
COMPOUNDS

RELATED APPLICATIONS

This application is a divisional of U.S. Ser. No. 15/764,
616, filed Mar. 29, 2018, which is a § 371 national stage of
PCT International Application No. PCT/EP2016/073414,
filed Sep. 30, 2016, claiming priority of European Patent
Application No. EP 15 382 479.2, filed Oct. 2, 2015, the
contents of each of which are hereby incorporated by
reference into this application.

FIELD OF THE INVENTION

The invention relates to a process for preparing benzo[b]
thiophene compounds that can be used to obtain therapeu-
tically useful compounds, such as Brexpiprazole.

BACKGROUND OF THE INVENTION

Brexpiprazole, discovered by Otsuka, is a dopamine D2
receptor partial agonist. It has been recently approved by the
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FDA for the treatment of schizophrenia and as an adjunctive

therapy for the treatment of major depression.
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The synthesis of this compound was first disclosed in EP

50 1869025 by a process comprising palladium-catalyzed

cross-coupling of non-commercial 4-bromo-benzo[b]thio-
phene and piperazine, followed by substitution of the pip-
erazine with the butoxy-quinolinone derivative (Reference
Example 30 and Example 1).
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In addition to being expensive, the Pd-catalyzed cross-

coupling reaction is not clean and gives rise to a product
with reduced purity, as acknowledged by the applicant in the
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O
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The chemical name of Brexpiprazole is (7-{4-[4-(1-ben- 65 subsequent patent application WO 2013/015456.

zothiophen-4-yl)piperazin-1-yl]butoxy } quinolin-2(1H)-
one), and is represented by the following formula:

WO 2013/015456 discloses a similar method for prepar-
ing Brexpiprazole, but starting from 4-chloro-benzo[b]thio-
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phene and using smaller amounts of Pd and phosphines to
cheapen the process (Examples 1-4). However, obtaining
4-chloro-benzo[b|thiophene requires a complex synthesis
including a decarboxylation step that is performed under
very high temperatures (145-195° C.). These reaction con- 5
ditions are difficult to conduct at an industrial scale and, in
our experience, this method does not proceed cleanly.

S
s )k NH
S
a \_Q a
o i
NH
CHO Z
cl cl 0
lHS—CHZ—COOH l

H
O N (6]
N

Other approaches for the synthesis of 4-piperazino-benzo
[b]thiophene derivatives are disclosed in U.S. Pat. No.

5,436,246 and WO 2015/054976, where the use of organo-
metallic compounds is avoided by introducing the pipera-
zine derivative in a dihalobenzaldehyde at the beginning of

65

the synthesis and then performing a cyclization reaction to
obtain the benzo[b]thiophene ring. However, a final decar- F
boxylation reaction is also needed to obtain Brexpiprazole.

60
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In summary, the processes disclosed for the synthesis of
4-piperazino-benzo[b]thiophene derivatives require the use
of organometallic reagents and/or a decarboxylation step at
very high temperatures, which is an industrial limitation and
does not favour clean and efficient processes.

As a consequence, it is still necessary to develop a process
for the preparation of Brexpiprazole and related compounds
that overcomes all or part of the problems associated with
the known processes belonging to the state of the art.

SUMMARY OF THE INVENTION

The invention faces the problem of providing an
improved process for the synthesis of piperazine substituted
benzo[b]thiophene compounds, such as Brexpiprazole. The
inventors have found that compounds of formula (II) and
(IIT) can be efficiently used as intermediates in the synthesis
of piperazine substituted benzo[b]thiophene compounds.
Therefore, the invention refers to the use of compounds of
formula (IT) or (III), or salts or solvates thereof, as interme-
diates in the synthesis of compounds of formula (I), or salts
or solvates thereof, such as Brexpiprazole.

Compounds of formula (I) can be readily obtained by
cyclization of compounds of formula (II) or (III). Using this
strategy, decarboxylation reactions on the benzo[b]thio-
phene compound can be avoided. Additionally, the synthetic
method of the invention is suitable for the industrial process
and allows a straightforward, efficient and clean synthesis of
piperazine substituted benzo[b]thiophene compounds.

10

20

25

30

35

40

45

50

55

60

65

N R*
S—R3 E ]
N S
R /A' R! /
N (I ~
()~ N
N s—rd 7 [ ]
R! N
av R Rl
O
()
N
1
Rl
an
Compounds of formula (II) and (III) can be intercon-

verted. For instance, as disclosed herein, a compound of
formula (III), or a salt or solvate thereof, can be converted
into a compound of formula (II), or a salt or solvate thereof,
through a process comprising a hydrolysis reaction. In turn,
both compounds of formula (II) and compounds of formula
(IIl), or a salt or solvate thereof, can be obtained from
compounds of formula (IV), or a salt or solvate thereof.

Accordingly, in a first aspect the invention is directed to
a process for preparing a compound of formula (I), or a salt
or solvate thereof

@

S
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N
|
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wherein
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,
><\/ '
O. N (6]
- and
\©ij
H
ﬂ/om(x
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n is an integer from 1 to 6; In another aspect, the invention is directed to a compound
X is a leaving group; of formula (II), or a salt or solvate thereof

R is selected from H and a hydroxyl protecting group;

which process comprises cyclization of a compound of 5 , an
formula (II), or a salt or solvate thereof S—R
RZ
an
S—R3 10
N
)
[Nj 15 '
Il\I wherein
R! - R! is selected from hydrogen, an amino protecting group,

—(CH,),—X, —(CH,),—OR,
wherein

R! is as defined above;

H
R® is selected from —CHO, —CN, —C(O)OR and s ?iﬁo N
—CO)X;
X' is halogen; e
H

R' is selected from H, C,-C; alkyl, C,-C,, aryl and

(Cs-Cyp)aryl(C,-Cyalkyl; o N 0
R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,)aryl "

(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R™,

and
R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()

aryl(C,-Cy)alkyl. 35 nis an integer from 1 to 6;
In a second aspect, the invention is directed to a process X is a leaving group;

for preparing a compound of formula (I), or a salt or solvate
thereof, as defined above, which process comprises cycliza- 5 .
tion of a compound of formula (III), or a salt or solvate 2 R* is selected from —CHO, —CN, —C(O)OR' and

thereof —CO)X;

X' is halogen;
am R' is selected from H, C,-Cq4 alkyl, C4-C,, aryl and
S—R3 (Cs-Cyo)aryl(C,-Cyalkyl;

4 R3is selected from C,-Cy alkyl, C4-C,, aryl, (C4-C, p)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R";

R is selected from H and a hydroxyl protecting group;

A R4 and
N R" is selected from C,-Cq alkyl, C4-C,  aryl and (C4-C )
0 aryl(C,-Cy)alkyl.
In another aspect, the invention is directed to a compound
N of formula (III), or a salt or solvate thereof
a

55 [480)]

wherein

R! is as defined above;

R* is selected from halogen and —OR";

R' is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, ) 60
aryl(C,-Cy)alkyl;

R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R",
and 65

R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl.
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wherein
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

e
ya
><M/ N

n is an integer from 1 to 6;

X is a leaving group;

R is selected from H and a hydroxyl protecting group;

R* is selected from halogen and —OR;

R' is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, )
aryl(C,-Cy)alkyl;

R? is selected from C,-C alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R",
and

R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl.

In another aspect, the invention is directed to a compound

of formula (IV), or a salt or solvate thereof

el
N O
and

av)
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wherein
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

ﬁ/o
F
?{v/ X

n is an integer from 1 to 6;

X is a leaving group;

R is selected from H and a hydroxyl protecting group;

R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R",

R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl;
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is selected from —CHO, —CN, —C(O)OR™ and
—C(O)X",
X" is halogen; and
R™ is selected from H, C,-Cq4 alkyl, C,-C,, aryl and
(Cs-Cyoaryl(C-Cylalkyl,
with the proviso that when R' is hydrogen and R> is methyl,
then R® is not —CN.

RS

DETAILED DESCRIPTION OF THE
INVENTION

The term “C,-C, alkyl” refers to a linear or branched
alkane derivative containing from 1 to 6, more preferably
from 1 to 3 (“C,-C; alkyl”), carbon atoms and which is
bound to the rest of the molecule through a single bond.
Tlustrative examples of alkyl groups include methyl, ethyl,
propyl, butyl, pentyl, hexyl, etc.

The term “halogen” refers to bromo, chloro, iodo or
fluoro.

The term “C,4-C, 4 aryl” refers to an aromatic group having
between 6 and 10 carbon atoms, comprising 1 or 2 aromatic
nuclei bound by means of a carbon-carbon bond or fused,
including for example phenyl, naphthyl and diphenyl.

The term “(C4-C,)aryl(C,-Cg)alkyl” refers to an alkyl
group as defined above substituted with an aryl group as
defined above. Examples of such groups include benzyl,
phenylethyl, phenylpropyl, naphthylmethyl, etc.

The term “C;-C, cycloalkyl” refers to a radical derived
from cycloalkane containing from 3 to 7, preferably from 3
to 6 (“C;-C4 cycloalkyl”) carbon atoms. Illustrative
examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, etc.

The term “C,-C, alkoxy” designates an alkyl group as
defined above having between 1 and 6 carbon atoms, more
preferably between 1 and 3 carbon atoms (“C,-C; alkoxy™),
linked to the rest of the molecule through oxygen. Examples
of alkoxy include methoxy, ethoxy, isopropoxy, tertbutoxy,
and the like.

The term “heterocyclyl” refers to a saturated or partially
unsaturated monocyclic or bicyclic system containing from
3 to 10, preferably 5 to 7, ring atoms containing one or more,
specifically one, two, three or four ring heteroatoms inde-
pendently selected from N, O, and S, and the remaining ring
atoms being carbon.

The term “heteroaryl” refers to an aromatic monocyclic or
bicyclic system containing from 3 to 10, preferably 5 to 7,
ring atoms containing one or more, specifically one, two,
three or four ring heteroatoms independently selected from
O, N and S, and the remaining ring atoms being carbon.

The term “hydroxyl protecting group” (HPG) refers to a
group blocking the OH function for subsequent reactions
that can be removed under controlled conditions. Hydroxyl
protecting groups are well known in the art. Illustrative
examples of hydroxyl protecting groups have been described
by Green T W et al. in “Protective Groups in Organic
Synthesis”, 3rd Edition (1999), Ed. John Wiley & Sons.
Virtually any hydroxyl protecting group can be used to put
the invention into practice. Illustrative, non-limiting
examples of HPGs include:
silyl ethers [—Si(R)(R)(R")]. R, R"' and R" can be indepen-

dently selected from C,-C; alkyl, C,;-C, cycloalkyl,
Cy-C, aryl, C,-C, alkoxy and halogen. Examples of silyl
ethers include trimethylsilyl ether, triethylsilyl ether, tert-
butyldimethylsilyl ether, tert-butyldiphenylsilyl ether, tri-
isopropylsilyl ether, diethylisopropylsilyl ether, hexyldi-
methylsilyl  ether, triphenylsilyl ether, di-tert-
butylmethylsilyl ether;
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ethers [—R], including alkoxy and aryloxy methyl ethers

[CH,—OR]. R can be selected from C,-C; alkyl,

Cyg-Cyq aryl and (C4-C,p)aryl(C,-Cy)alkyl. Examples of

ethers include methyl ether, tert-butyl ether, benzyl ether,

p-methoxybenzyl ether, 3,4-dimethoxybenzyl ether, trityl
ether, allyl ether, methoxymethyl ether, 2-methoxy-
ethoxymethyl ether, benzyloxymethyl ether, p-methoxy-
benzyloxymethyl ether, 2-(trimethylsilyl)ethoxymethyl
ether; tetrahydropyranyl and related ethers;

esters [—COR]. R can be selected from C,-C; alkyl, C,-C,
aryl and (C4-C,y)aryl(C,-Cyalkyl. Examples of esters
include acetate ester, benzoate ester, pivalate ester,
methoxyacetate ester, chloroacetate ester, levulinate ester;
and

carbonates [—COOR]. R can be selected from C,-C; alkyl,

Cs-C, o aryl and (C4-Caryl(C,-Cyalkyl. Examples of

carbonates include benzyl carbonate, p-nitrobenzyl car-

bonate, tert-butyl carbonate, 2,2.2-trichloroethyl carbon-
ate, 2-(trimethylsilyl)ethyl carbonate, allyl carbonate.

The term “amino protecting group” (APG) refers to a
group blocking the NH function for subsequent reactions
that can be removed under controlled conditions. Amino
protecting groups are well known in the art. Illustrative
examples of amino protecting groups have been described
by Green T W et al. in “Protective Groups in Organic
Synthesis™, 3rd Edition (1999), Ed. John Wiley & Sons.
Virtually any amino protecting group can be used to put the
invention into practice. Illustrative, non-limiting examples
of APGs include:
carbamates [ —COOR]. R can be selected from C,-C; alkyl,

C,-C4 alkenyl, C;-C, cycloalkyl, C,-C,, aryl, (Cs-C,q)

aryl(C,-Cy)alkyl, 3- to 10-membered heterocyclyl, 3- to

10-membered heteroaryl. Examples of carbamates
include methyl carbamate, t-butyl carbamate, benzyl car-
bamate, 9-fluorenilmetil carbamate, trichloroethyl car-
bamate, trimethylsilyl carbamate;

amides [—COR]. R can be selected from C,-C4 alkyl, C,-Cgq
alkenyl, C;-C, cycloalkyl, C4-C,, aryl, (C4-C,p)aryl(C, -

Cylalkyl, 3- to 10-membered heterocyclyl, 3- to 10-mem-

bered heteroaryl. Examples of amides include formamide,

acetamide, phenylacetamide, haloacetamide, benzamide,
picolinamide;

amines [—R]. R can be selected from C,-C; alkyl, C,-C,,
aryl and (C4-C,)aryl(C,-Cylalkyl. Examples of amines
include methyl amine, tert-butyl amine, benzyl amine,
allyl amine, methoxymethyl amine, triphenylmethyl
amine, dinitrophenyl amine, methoxyphenyl amine; and

silyl amines [—Si(R)(R)(R")]. R, R' and R" can be inde-
pendently selected from C,-C; alkyl, C;-C, cycloalkyl,

Cy-Cyq aryl, C,-C; alkoxy and halogen. Examples of silyl

amines include trimethylsilyl amine, triethylsilyl amine,

tert-butyldimethylsilyl amine, tert-butyldiphenylsilyl
amine, tri-isopropylsilyl amine, triphenylsilyl amine.

The term “leaving group” refers to a functional group or
an atom that can be displaced by another functional group in
a substitution reaction, such as a nucleophilic substitution
reaction. Suitable leaving groups are well known in the art.
In a particular embodiment, the leaving group is selected
from halogen, C,-C, alkylsulfonates, C4-C,, arylsulfonates
and C,-C4alkylC,-C, jarylsulfonates, such as chloro, bromo,
iodo, mesylate, triflate, tosylate, nosylate and the like.

As understood in this technical area, there may be a
certain degree of substitution in the aforementioned radicals.
Therefore, there may be substitution in any of the groups of
the present invention. The previous groups can be substi-
tuted in one or more available positions with one or more
substituents. Said substituents include, for example and in
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12
non-limiting sense, C,_, alkyl, C;_, cycloalkyl, C4-C,, aryl,
3- to 10-membered heterocyclyl, 3- to 10-membered het-
eroaryl, halogen, —CN, NO,, CF;, —N(R_)(R,), —OR_,
—SR,, —C(O)R,, —C(O)OR, —C(ON(R)(R,), —OC
(O)R;; wherein R, R,, R, R, R,, R; R, R, and R, are
independently selected from hydrogen, C,-C, alkyl, C,-C,
aryl, 3- to 10-membered heterocyclyl, 3- to 10-membered
heteroaryl and trifluoromethyl.

The invention also provides “salts” of the compounds
described in the present description. By way of illustration,
said salts can be acid addition salts, base addition salts or
metal salts, and can be synthesized from the parent com-
pounds containing a basic or acid moiety by means of
conventional chemical processes known in the art. Such
salts are generally prepared, for example, by reacting the
free acid or base forms of said compounds with a stoichio-
metric amount of the suitable base or acid in water or in an
organic solvent or in a mixture of the two. Non-aqueous
media such as ether, ethyl acetate, ethanol, acetone, isopro-
panol or acetonitrile are generally preferred. Illustrative
examples of said acid addition salts include inorganic acid
addition salts such as, for example, hydrochloride, hydro-
bromide, hydroiodide, sulfate, nitrate, phosphate, etc.,
organic acid addition salts such as, for example, acetate,
maleate, fumarate, citrate, oxalate, succinate, tartrate,
malate, mandelate, methanesulfonate, p-toluenesulfonate,
camphorsulfonate, etc. [llustrative examples of base addi-
tion salts include inorganic base salts such as, for example,
ammonium salts and organic base salts such as, for example,
ethylenediamine, ethanolamine, N,N-dialkylenetha-
nolamine, triethanolamine, glutamine, amino acid basic
salts, etc. Illustrative examples of metal salts include, for
example, sodium, potassium, calcium, magnesium, alumi-
num and lithium salts. In a particular embodiment, the salt
is an acid addition salt, such as hydrochloride, sulfate and
sodium sulfate.

Likewise, the compounds described in the present
description can be obtained both as free compounds or as
solvates (e.g., hydrates, alcoholates, etc.), both forms being
included within the scope of the present invention. The
solvation methods are generally known in the state of the art.
Preferably, the solvate is a hydrate.

The term “organic solvent” includes for example cyclic
and acyclic ethers (e.g. Et,O, iPr,0O, 1,4-dioxane, tetrahy-
drofuran, methyltetrahydrofuran), hydrocarbonated solvents
(e.g. pentane, hexane), halogenated solvents (e.g. dichlo-
romethane, chloroform), aromatic solvents (e.g. toluene,
xylene), esters (e.g. EtOAc), amides (e.g. DMF, DMA),
nitriles (e.g. acetonitrile), alcohols (e.g. methanol, ethanol,
propanol, isopropanol) and mixtures thereof.

In a first aspect the invention is directed to a process for
preparing a compound of formula (I), or a salt or solvate
thereof

@

(]

Rr!
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wherein
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

el
O N O
- and

F

H
0. N 0;
n \C[j

n is an integer from 1 to 6;
X is a leaving group;
R is selected from H and a hydroxyl protecting group;

which process comprises cyclization of a compound of

formula (II), or a salt or solvate thereof

an

wherein

R! is as defined above;

R? is selected from —CHO, —CN, —C(O)OR' and
—C(O)X",

X' is halogen;

R' is selected from H, C,-C; alkyl, C,-C,, aryl and
(Cs-Cyp)aryl(C,-Cyalkyl;

R? is selected from C,-C alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R",
and

R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl.

In a second aspect, the invention is directed to a process
for preparing a compound of formula (I), or a salt or solvate
thereof, as defined above which comprises cyclization of a
compound of formula (IIT), or a salt or solvate thereof

(1)

14
wherein
R! is as defined above;
R* is selected from halogen and —OR";
S R' is selected from C,-Cg alkyl, C4-C,, aryl and (C4-C, ()
aryl(C,-Ce)alkyl;

R? is selected from C,-Cy alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R";
and

R" is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, )
aryl(C,-Cg)alkyl.

In an embodiment, n is an integer selected from 2 to 6;

preferably from 3 to 5; more preferably n is 4.
In an embodiment, R' is selected from hydrogen, an
15 amino protecting group, —(CH,),—X, —(CH,),—OR,

el
%\/\/O N O and
e
%\/\/O N. O.
25 T

In a particular embodiment, R* is selected from hydrogen,
a carbamate or amide or amine protecting group,
30

H
}Lﬁ/\/\/ o A 0 and
35 m
H
}{V\/ OWO.

Preferably, R* is selected from hydrogen, methyl, benzyl,
formyl, acetyl, benzoyl, t-butoxycarbonyl, benzyloxycarbo-
nyl, 9-fluorenylmethoxycarbonyl,

40

45
}{V\/O A 0 and
) \C[j

55

More preferably, R! is selected from hydrogen, t-butoxycar-
bonyl, benzyl and

oy

In a particular embodiment, R? is —CHO.

60

65
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In an embodiment, R* is —OR', wherein R' is as defined
above. In a preferred embodiment, R’ is selected from C-C
alkyl, more preferably C,-C, alkyl. In a particular embodi-
ment, R* is —OMe.

In an embodiment, R® is selected from C,-C4 alkyl,
Cy-C, aryl, (C4-C, aryl(C,-Cy)alkyl; more preferably it is
selected from C,-C; alkyl, phenyl and benzyl. In a particular
embodiment, R> is selected from C,-C, alkyl, such as tBu
and nPr.

In a particular embodiment, n is 4 and R? is —CHO (for
compound of formula II) or R* is —OR', wherein R' is
selected from C,-C; alkyl, C4-C,, aryl and (C4-C, ))aryl(C, -
Cyalkyl (for compound of formula III). In an embodiment,
nis 4 and R? is —CHO (for compound of formula II) or R*
is —OC,-C; alkyl (for compound of formula III).

In another embodiment, n is 4, R? is —CHO (for com-
pound of formula IT) or R* is —OC,-C alkyl (for compound
of formula IIT) and R? is C,-C, alkyl. In an embodiment, n
is 4, R? is —CHO (for compound of formula II) or R* is
—OMe (for compound of formula III) and R? is selected
from tBu and nPr.

In a preferred embodiment, the compound of formula (I)
is selected from (1-benzothiophen-4-yl)piperazine and
Brexpiprazole, or a salt or solvate thereof. Preferably, the
compound of formula (I) is Brexpiprazole, or a salt or
solvate thereof. More preferably, the compound of formula
(D is Brexpiprazole.

Cyclization Reaction

In a particular embodiment, the cyclization reaction of a
compound of formula (II) or (III), or a salt or solvate thereof,
is carried out in the presence of an acid.

Suitable acids include organic, inorganic acids and mix-
tures thereof. Examples of organic acids include acetic acid,
trifluoroacetic acid, methanesulfonic acid, trifluoromethane-
sulfonic acid, formic acid, propionic acid, butyric acid,
malic acid, citric acid, benzoic acid, p-toluenesulfonic acid,
oxalic acid and succinic acid. Examples of inorganic acids
include hydrochloric acid, hydrobromic acid, hydrofluoric
acid, perchloric acid, sulfuric acid, nitric acid and phos-
phoric acid. In a particular embodiment, the acid is selected
from acetic acid, trifluoroacetic acid, methanesulfonic acid,
trifluoromethanesulfonic acid, hydrochloric acid, hydrobro-
mic acid, perchloric acid, sulfuric acid and mixtures thereof.

In a particular embodiment, the cyclization reaction is
carried out at a temperature between —-40° C. and 150° C.,
preferably between —20° C. and 100° C., more preferably
between -10° C. and 80° C.

Preferably, the cyclization reaction is carried out in the
presence of an organic solvent, such as for example a cyclic
or acyclic ether (e.g. Et,O, iPr,O, tBu,O, 1.,4-dioxane,
tetrahydrofuran, methyltetrahydrofuran), a hydrocarbonated
solvent (e.g. pentane, hexane), a halogenated solvent (e.g.
dichloromethane, chloroform), an alcohol (e.g. methanol,
ethanol, propanol), an aromatic solvent (e.g. toluene,
xylene), an amide (DMF, DMA) or mixtures thereof. In a
particular embodiment, the reaction is performed in the
presence of a halogenated solvent, such as dichloromethane.
In an embodiment, the cyclization reaction is carried out in
the presence of an organic solvent and water.

In a particular embodiment, the cyclization reaction is
performed at a temperature between —20° C. and 100° C., in
the presence of an organic solvent and an acid selected from
acetic acid, trifluoroacetic acid, methanesulfonic acid, trif-
luoromethanesulfonic acid, formic acid, propionic acid,
butyric acid, malic acid, citric acid, benzoic acid, p-toluene-
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sulfonic acid, oxalic acid, succinic acid, hydrochloric acid,
hydrobromic acid, hydrofluoric acid, perchloric acid, sulfu-
ric acid, nitric acid and phosphoric acid.

Further Transformations of the Compound of
Formula (I)

Depending on the desired compound of formula (I), it
might be necessary to further transform the compound of
formula (I) obtained after cyclization of the compound of
formula (IT) or (IID).

In a particular embodiment, after cyclization of the com-
pound of formula (II) or (III), or a salt or solvate thereof;, it
is obtained a compound of formula (I), or a salt or solvate
thereof, wherein R' is selected from hydrogen, an amino
protecting group, —(CH,),—X and —(CH,),—OR; n is an
integer from 1 to 6; X is a leaving group; and R is selected
form H and a hydroxyl protecting group; which is further
converted into a compound of formula (I), or a salt or solvate
thereof, wherein R! is selected from

?&/ X

O N O

" and

T

?{s/ N
O\@Nj&

In a preferred embodiment, the process further comprises
converting a compound of formula (I), or a salt or solvate
thereof, wherein R’ is selected from hydrogen, an amino
protecting group, —(CH,),—X and —(CH,),—OR; X is a
leaving group; and R is selected from H and a hydroxyl
protecting group; into a compound of formula (I), or a salt
or solvate thereof, wherein R*' is selected from

H
}{\/\/ © A
109
H
}{\/\/ O\C[N;/ro'

Said transformations can be carried out by conventional
means known in the art (e.g. M. B. Smith, J. March, March’s
Advanced Organic Chemistry, Wiley-Interscience, 5% ed.,
pp. 1541-1542).

For instance, a compound of formula (I), or a salt or
solvate thereof, wherein R' is hydrogen can be converted

into a compound of formula (I), or a salt or solvate thereof,
wherein R! is selected from

?&/ .

e} N 0

1 and
m
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-continued

Z
@)

¢}

n

by a method as disclosed in EP1869025 or in WO2013/
015456. In an embodiment, a compound of formula (I), or
a salt or solvate thereof, wherein R' is hydrogen is further
reacted with a compound of formula (V), or a salt or solvate
thereof

V)

wherein
Y is a leaving group; and
=::+ is a single or a double bond,

to yield a compound of formula (I), or a salt or solvate
thereof, wherein R! is selected from

and

In a particular embodiment, Y is selected from halogen,
C,-Cy alkylsulfonates and Cg-C,,, arylsulfonates, such as
chloro, mesylate, triflate and tosylate. Preferably,
z:2+ denotes a double bond.

The reaction can be carried out in the presence of a basic
compound and an organic solvent.

If a compound of formula (I), or a salt or solvate thereof,
wherein R! is an amino protecting group is obtained after the
cyclization reaction, it can be first converted into a com-
pound of formula (I), or a salt or solvate thereof, wherein R*
is hydrogen through deprotection of the amine protecting
group by any conventional means known in the art (e.g. T.
W. Green et al. in Protective Groups in Organic Synthesis,
3" Ed., 1999, Ed. John Wiley & Sons).

A compound of formula (I), or a salt or solvate thereof,
wherein R! is —(CH,),—X or —(CH,),—OR can be con-
verted into a compound of formula (I), or a salt or solvate
thereof, wherein R! is selected from

?&/ N

e} N 0

T and
\Oij
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-continued

oy

by a method as disclosed in EP1869025. In an embodiment,
a compound of formula (I), or a salt or solvate thereof,
wherein R' is —(CH,),—X or —(CH,),—OR is further
reacted with a compound of formula (VI), or a salt or solvate
thereof

VD

wherein
=::x ig a single or a double bond,

to yield a compound of formula (I), or a salt or solvate
thereof, wherein R is selected from

?is/ X

0 N 0

o and

Ty

?{v/ X
O\CENTO.

In a particular embodiment, R* in the starting compound
of formula (I) is selected from —(CH,),—OH and
—(CH,),—X wherein X is selected from halogen, C,-Cg
alkylsulfonates and C,-C,, arylsulfonates, such as chloro,
mesylate, triflate and tosylate. Preferably, ===: denotes a
double bond.

The reaction can be carried out in the presence of an
organic solvent and a basic compound or a condensing
agent.

Compounds of formula (V) and (VI) are known or can be
easily produced from known compounds.
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Preparation of Compounds of Formula (II)

In a particular embodiment, the compound of formula (II),

or a salt or solvate thereof, is obtained from a compound of s

formula (IV), or a salt or solvate thereof

@: -
S

Rr!

S—R?
RZ
[Nj
N

Rr!

vy (I

wherein
R! and R? are as defined in claim 1;

R® is selected from —CHO, —CN, —C(O)OR™ and
—C(O)X";
X" is halogen; and
R" is selected from H, C,-C, alkyl, C4-C,, aryl and
(Co-C, aryl(C, -Calkyl.
In an embodiment, the compound of formula (II), or a salt
or solvate thereof, is obtained by a process comprising

homologation of a compound of formula (IV), or a salt or
solvate thereof.

Homologation reactions and suitable reaction conditions
are known in the art (e.g. M. B. Smith, J. March, March’s
Advanced Organic Chemistry, Wiley-Interscience, 5 ed.,
pp- 1541-1542; Science of Synthesis: Houben-Weyl meth-
ods of molecular transformations, Thieme).

For instance, a compound of formula (IV) wherein R® is
—C(O)OR™, or a salt or solvate thereof, can be homolo-
gated to a compound of formula (II) wherein R? is —C(O)
OR', or a salt or solvate thereof, through Arndt-Eistert
reaction or through Kowalski ester homologation.

In a preferred embodiment, R’ is —CHO. Homologation
reactions of aldehydes are well-known in the art (e.g.
Science of Synthesis: Houben-Weyl methods of molecular
transformations, Category 4: Compounds with two carbon-
heteroatom bonds: Aldehydes, Chapter 25.1.10). For
instance, a compound of formula (IV) wherein R” is —CHO,
or a salt or solvate thereof, can be homologated to a
compound of formula (II) wherein R? is —CHO, or a salt or
solvate thereof, via Darzens reaction, via addition of a
nitroalkane followed by Nef reaction, via cyanation fol-
lowed by reduction of the nitrile, through reaction with a
dihalomethane or diazomethane, via Wittig-type reaction
followed by hydrolysis, via Corey-Fuchs reaction followed
by hydroboration, via Peterson-type alkenylation followed
by hydrolysis, via Julia-type alkenylation followed by
hydrolysis, etc.
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In an embodiment, a compound of formula (II) wherein
R? is —CHO, or a salt or solvate thereof, is obtained by
homologation of a compound of formula (IV) wherein R” is
—CHO, or a salt or solvate thereof, via Darzens reaction. In
a particular embodiment, a compound of formula (IV)
wherein R® is —CHO, or a salt or solvate thereof, is reacted
with a compound of formula (VII)

(VID)

Hal__~C(OI0R

wherein
Hal means halogen, preferably Cl; and

R is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, ()
aryl(C,-Cy)alkyl, preferably Me or Et;

to yield a compound of formula (VIII)

(VIID)

wherein R, R! and R? are as defined above;

which is decarboxylated to yield a compound of formula (II)
wherein R? is —CHO, or a salt or solvate thereof.

In another embodiment, a compound of formula (II)
wherein R? is —CHO, or a salt or solvate thereof, is obtained
by homologation of a compound of formula (IV) wherein R®
is —CHO, or a salt or solvate thereof, via alkenylation
reaction followed by hydrolysis of the double bond. In a
particular embodiment, a compound of formula (IV)
wherein R® is —CHO, or a salt or solvate thereof, is
alkenylated as described below to yield a compound of
formula (III), or a salt or solvate thereof, which is then
hydrolyzed to a compound of formula (II) wherein R? is
—CHO, or a salt or solvate thereof.

In another embodiment, a compound of formula (II), or a
salt or solvate thereof, wherein R> is —CN is obtained from
a compound of formula (XII), or a salt or solvate thereof

(XII)

S—R?
Hal
[Nj
N
I
Rl
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For example, a compound of formula (II), or a salt or
solvate thereof, wherein R® is selected —CN can be obtained
through the following sequence

S—R?

COOR/CHO

R!
S

—R3
@/HAI
[Nj —_— N
N
|
Rl

In turn, a compound of formula (II), or a salt or solvate
thereof, wherein R® is —CN can be further transformed into
a compound of formula (II), or a salt or solvate thereof,
wherein R® is —CHO or —C(Q)OR™ through reduction or
hydrolysis, respectively.

In a particular embodiment, a compound of formula (II)
wherein R? is —CHO, or a salt or solvate thereof, is obtained
by hydrolysis of a compound of formula (III), or a salt or
solvate thereof, in the presence of an acid.

Suitable acids include organic acids, inorganic acids and
mixtures thereof. Examples of organic acids include acetic
acid, trifluoroacetic acid, methanesulfonic acid, trifluo-
romethanesulfonic acid, formic acid, propionic acid, butyric
acid, malic acid, citric acid, benzoic acid, p-toluenesulfonic
acid, oxalic acid and succinic acid. Examples of inorganic
acids include hydrochloric acid, hydrobromic acid, hydro-
fluoric acid, perchloric acid, sulfuric acid, nitric acid and
phosphoric acid. In a particular embodiment, the acid is
selected from acetic acid, trifluoroacetic acid, methanesulfo-
nic acid, triffuoromethanesulfonic acid, hydrochloric acid,
hydrobromic acid, perchloric acid, sulfuric acid and mix-
tures thereof.

Preferably, the hydrolisis reaction is carried out in the
presence of an organic solvent and water. Suitable organic
solvents include cyclic or acyclic ethers (e.g. Et,O, iPr,0,
1,4-dioxane, tetrahydrofuran, methyltetrahydrofuran),
hydrocarbonated solvents (e.g. pentane, hexane), haloge-
nated solvents (e.g. dichloromethane, chloroform), alcohols
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(e.g. methanol, ethanol, propanol), aromatic solvents (e.g.
toluene), ester solvents (e.g. ethyl acetate) or mixtures
thereof.

Preparation of Compounds of Formula (IIT)

In a particular embodiment, the compound of formula
(IIT), or a salt or solvate thereof, is obtained by a process
comprising alkenylation of a compound of formula (IV), or
a salt or solvate thereof

S—R?
RS
[Nj
N
I
Rl
Iv) (1)
wherein
R! and R? are as defined in claim 1; and
R’ is —CHO.

Alkenylation reactions of aldehydes and suitable reaction
conditions are known in the art (e.g. M. B. Smith, J. March,
March’s Advanced Organic Chemistry, Wiley-Interscience,
5% ed., pp. 1541-1542; Science of Synthesis: Houben-Weyl
methods of molecular transformations, Thieme).

For instance, a compound of formula (IV) wherein R® is
—CHO, or a salt or solvate thereof, can be alkenylated to a
compound of formula (IIT), or a salt or solvate thereof,
through Wittig reaction, Julia olefination, Peterson olefina-
tion, Takai olefination, Stork-Wittig olefination and the like.

In an embodiment, a compound of formula (III), or a salt
or solvate thereof, wherein R* is —OR' is obtained by
alkenylation of a compound of formula (IV) wherein R® is
—CHO, or a salt or solvate thereof, via Wittig-type reaction.
In a particular embodiment, a compound of formula (IV)
wherein R® is —CHO, or a salt or solvate thereof, is reacted
with a compound of formula (VIII), (IX) or (X)

(VIID)
x
(R5)3P\/OR’

e}

Ix)

Il
(R7O)2P\/OR’

)

OR'

l
(ROP -

wherein

R' is as defined above;

X is halogen; and

each RS is selected from C4-C,, aryl, preferably Ph; and

each R7 is selected from C,-Cg alkyl and (C4-C,,)aryl
(C,-Cyalkyl, preferably Me or Et;
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in the presence of a base to yield a compound of formula
(IIT) wherein R* is —OR", or a salt or solvate thereof.

Suitable bases include organolithium bases, alkali metal
hydrides and alkali metal alcoholates, such as e.g. nBulLi,
tBuli, sBulLi, MeLi, PhLi, LDA, NaH, NaOtBu, KOtBu,
NaOMe, NaOEt.

Preferably, the reaction is carried out in the presence of an
organic solvent, such as for example a cyclic or acyclic ether
(e.g. Et,0, iPr,O, tBu,0O, 1.,4-dioxane, tetrahydrofuran,
methyltetrahydrofuran), a hydrocarbonated solvent (e.g.
pentane, hexane), a halogenated solvent (e.g. dichlorometh-
ane, chloroform), an aromatic solvent (e.g. toluene, xylene),
dimethylformamide, dimethylacetamide or mixtures
thereof. In a particular embodiment, the reaction is per-
formed in the presence of an ecther, such as THF. In an
embodiment, the reaction is carried out at a temperature
between -20° C. and 150° C., preferably between 0° C. and
100° C.

In an embodiment, a compound of formula (III), or a salt
or solvate thereof, wherein R* is halogen is obtained by
alkenylation of a compound of formula (IV) wherein R® is
—CHO, or a salt or solvate thereof, via Takai olefination or
Stork-Wittig olefination.

Preparation of Compounds of Formula (IV)

In a particular embodiment, the compound of formula
(IV), or a salt or solvate thereof, is obtained by reaction of
a compound of formula (XI), or a salt or solvate thereof

Lo~
olNe

R! R!

XD av)

wherein

Z is selected from halogen and NO,, preferably Cl; and

R! and R’ are as defined above;
with a thiol of formula HS—R3, wherein R? is as defined
above, in the presence of a base.

Suitable bases include e.g. alkali metal hydroxides, alkali
metal carbonates, alkali metal bicarbonates, alkaline earth
metal hydroxides, alkaline earth metal carbonates, alkali
metal hydrides, alkali metal alkoxides, tertiary amines and
mixtures thereof, such as sodium hydroxide, potassium
hydroxide, calcium hydroxide, magnesium hydroxide,
sodium hydride, potassium carbonate, sodium carbonate and
cesium carbonate.

Preferably, the reaction is carried out in the presence of an
organic solvent, such as for example a cyclic or acyclic ether
(e.g. Et,0, iPr,O, tBu,O, 1,4-dioxane, tetrahydrofuran,
methyltetrahydrofuran), a hydrocarbonated solvent (e.g.
pentane, hexane), a halogenated solvent (e.g. dichlorometh-
ane, chloroform), an aromatic solvent (e.g. toluene, xylene),
dimethylformamide, dimethylacetamide or mixtures
thereof. In a particular embodiment, the reaction is per-
formed in the presence of an ecther, such as THF. In an
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embodiment, the reaction is carried out at a temperature
between -20° C. and 150° C., preferably between 0° C. and
120° C.

Compounds of formula (XI) are known or can be easily
produced from known compounds (e.g. U.S. Pat. No. 5,436,
246, WO 2015/054976).

Synthesis of Brexpiprazole

In an embodiment, the compound of formula (I) is Brex-
piprazole, or a salt or solvate thereof. Preferably, the com-
pound of formula (I) is Brexpiprazole.

Therefore, in a particular embodiment, the invention
refers to a process for preparing Brexpiprazole, or a salt or
solvate thereof, which comprises cyclization in the presence
of'an acid of a compound of formula (Ila) or (Illa), or a salt
or solvate thereof

(11a)

(I11a)

wherein

R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR, and

H
m
X is a leaving group;

R is selected from H and a hydroxyl protecting group;

R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,p)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R";

R" is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, )
aryl(C,-Cy)alkyl; and

R' is selected from C,-Cg alkyl, C4-C,, aryl and (C4-C, ()
aryl(C,-Cg)alkyl.
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In an embodiment, the invention refers to a process for
preparing Brexpiprazole, or a salt or solvate thereof, which
comprises cyclization in the presence of an acid of a
compound of formula (IIa) or (IIla) wherein R* is

H
}{\/\/ 0 N o
\@j
or a salt or solvate thereof.
In another embodiment, the invention refers to a process

for preparing Brexpiprazole, or a salt or solvate thereof, .

which comprises:

(1) cyclization in the presence of an acid of a compound
of formula (I1a) or (Illa) wherein R is selected from
hydrogen and an amino protecting group, or a salt or
solvate thereof;,

(ii) if needed, removal of the amino protecting group, to
yield a compound of formula (I) wherein R* is hydro-
gen, or a salt or solvate thereof; and

(iii) reaction with a compound of formula (Va), or a salt
or solvate thereof

H
/\/\/O N O
Y
F
wherein Y is a leaving group, in the presence of a basic
compound.
In another embodiment, the invention refers to a process
for preparing Brexpiprazole, or a salt or solvate thereof,
which comprises:

(1) cyclization in the presence of an acid of a compound
of formula (I1a) or (Illa) wherein R* is selected from

(Va)

—(CH,),—X and —(CH,),—OR, or a salt or solvate 40

thereof;
(ii) if needed, removal of the hydroxyl protecting group,
to yield a compound of formula (I) wherein R' is

selected from —(CH,),—X and —(CH,),—OH, or a .

salt or solvate thereof; and
(iii) reaction with a compound of formula (VIa), or a salt
or solvate thereof

(VIa)

Z
@)

HO

F

in the presence of a basic compound or a condensing
agent.

Preferred embodiments for the cyclization reaction and
for R', R®, X, R, R', R", Y are as defined above.

In an embodiment, the compound of formula (IIa), or a
salt or solvate thereof, is obtained from a compound of
formula (IVa), or a salt or solvate thereof, via Darzens
reaction. Preferably, by reaction of a compound of formula
(IVa), or a salt or solvate thereof, with a compound of
formula (VII) as defined above, followed by decarboxy-
lation.

26

In an embodiment, the compound of formula (Ila), or a
salt or solvate thereof, is obtained by hydrolysis of a
compound of formula (IIla), or a salt or solvate thereof.
In an embodiment, the compound of formula (Illa), or a
5 salt or solvate thereof, is obtained from a compound of
formula (IVa), or a salt or solvate thereof, via Wittig-type
reaction. Preferably, by reaction of a compound of formula
(IVa), or a salt or solvate thereof, with a compound of
formula (VIII), (IX) or (X) as defined above, in the presence
of a base.
Preferred embodiments for the Darzens reaction, hydro-
lysis reaction and Wittig-type reaction are as defined above.

Intermediate Compounds

Compounds of formula (1), (III) and (IV), and their salts
and solvates, are useful intermediates in the preparation of
piperazine substituted benzo[b]thiophene compounds.

Therefore, in another aspect the invention is directed to a
compound of formula (II), or a salt or solvate thereof
20

an

S—R?
25 R2
N
30 [ j
N
I
Rl

wherein
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

PN

O N O

o and
Ly
><<v/ X

50
n is an integer from 1 to 6;
X is a leaving group;
R is selected from H and a hydroxyl protecting group;
R? is selected from —CHO, —CN, —C(O)OR' and
55 —C(O)X"
X' is halogen;
R' is selected from H, C,-Cq4 alkyl, C4-C,, aryl and
(Cs-Cyo)aryl(C,-Cyalkyl;
R? is selected from C,-Cg alkyl, C4-C, aryl, (C4-C, o )aryl
60 (C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R";
and
R" is selected from C,-Cq alkyl, C4-C,  aryl and (C4-C )
aryl(C,-Cy)alkyl.
Preferred embodiments for R*-R?, n, X, X', R, R' and R"
65 are as defined above. In a particular embodiment, the

compound of formula (I) is a compound of formula (I1a), or
a salt or solvate thereof
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-continued
(Ila)
S—R3
5
CHO

S—tBu
CHO,
Nj
1

10

Z,
_/

N
| Bn
R! S—nPr
wherein L CHO
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR, N
H
/777{\/\/0 8 o L/\/O N_ O,
\(:(j /
)it 2 S—nPr —nPr
o) N 0.
}{\/\/ m CHO , @/CHO and

30

S
N N
X is a leaving group; [ j [ j
N N
| H

R is selected from H and a hydroxyl protecting group;

R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,)aryl

35 C(0O)OtB
(C,-Cg)alkyl, —C(O)OR", —C(S)OR" and —C(O)R"; (0B

and S—nPr
R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl. CHO ,
40

In a preferred embodiment, the compound of formula (II)
is selected from

N
S—tBu [ j
45 Il‘f

CHO Ba

N or a salt or solvate thereof.

50 . L
[ j In another aspect the invention is directed to a compound

of formula (III), or a salt or solvate thereof

65

H
N
WO . >
- 55 a1
S—tBu S—tBu
CHO, CHO,
60
[Nj [Nj
N N
| H

C(0)OtBu
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wherein R" is selected from C,-Cq alkyl, C4-C,  aryl and (C4-C )
R! is selected from hydrogen, an amino protecting group, aryl(C,-Cy)alkyl.

—(CH),—X, —(CH,),—OR, In a preferred embodiment, the compound of formula (I11)

is selected from

5
H
O N O
}éwﬁ m S—tBu
 a and 10
0 O,
n is an integer from 1 to 6; W
X is a leaving group; z
R is selected from H and a hydroxyl protecting group;

R* is selected from halogen and —OR"; 20 S—tBu S—1tBu
R' is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, )
aryl(C,-Cy)alkyl;
R? is selected from C,-C alkyl, C4-C,, aryl, (C4-C,)aryl e OMe, A OMe,

(C,-Co)alkyl, —C(O)OR", —C(S)OR" and —C(O)R";

and 25 N N
R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl.
Preferred embodiments for R*, R*, R*, n, X, R, R'and R" N N
are as defined above. In a particular embodiment, the H
compound of formula (III) is a compound of formula (Illa), 30 C(0)OtBu
or a salt or solvate thereof S—tBu
(1lla) P OMe.
35
[Nj
|
40 Bn
S—nPr
45 / OMe
wherein N
R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,
N N o]
50 0 ’
a W
O N O, and
P 1091
>~
H 55
O N. O.
%\/\/ m S—nPr S—nPr
o Z o, ; ;// “OMe  and
X is a leaving group; N N
R is selected from H and a hydroxyl protecting group;
R' is selected from C,-C; alkyl, C4-C,, aryl and (C4-C, )
aryl(C,-Cy)alkyl; N N
R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,o)aryl 65 | H
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R", C(O)OtBu

and
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-continued
S—nPr

A

OMe,
[Nj
N
Bn

or a salt or solvate thereof.

In another aspect, the invention is directed to a compound

of formula (IV), or a salt or solvate thereof

av)

S—R?
RS
[Nj
N
|
Rl

wherein

R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

PN

O N (@]
\Qi;/( and
PN

n is an integer from 1 to 6;

X is a leaving group;

R is selected from H and a hydroxyl protecting group;

R? is selected from C,-C alkyl, C4-C,, aryl, (C4-C,)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R",

R" is selected from C,-C; alkyl, C4-C,  aryl and (C¢-C, ()
aryl(C,-Cy)alkyl;

R’ is selected from —CHO,
—C(O)X™;

X" is halogen; and

R" is selected from H, C,-C, alkyl, C4-C,, aryl and
(C4-C,p)aryl(C,-Cyalkyl, with the proviso that when
R! is hydrogen and R? is methyl, then R is not —CN.

Preferred embodiments for R', R?, R® n, X, X", R, R, R"

and R" are as defined above. In a particular embodiment, the

compound of formula (IV) is a compound of formula (IVa),
or a salt or solvate thereof

—CN, —C(O)OR"™ and
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IVa)
S—R?
CHO
[Nj
N
I
Rl

wherein

R! is selected from hydrogen, an amino protecting group,
—(CH,),—X, —(CH,),—OR,

H
109
H

X is a leaving group;

R is selected from H and a hydroxyl protecting group;

R? is selected from C,-Cj alkyl, C4-C,, aryl, (C4-C,p)aryl
(C,-Cylalkyl, —C(O)OR", —C(S)OR" and —C(O)R";

R" is selected from C,-Cq alkyl, C4-C,  aryl and (C4-C )
aryl(C,-Cy)alkyl.

In a preferred embodiment, the compound of formula (IV)
is selected from

; :S—tBu

s
slle

C(O)OtBu
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-continued
S—1Bu,

CHO

Nj
[N
|

Bn

S—nPr
CHO

WO
F

S—nPr, S—nPr  and
; CHO ; CHO
[Nj [Nj

A
g

H
N 0,

N
H
C(0)OtBu
S—nPr,
CHO
[Nj
1
Bn

or a salt or solvate thereof.
The following examples illustrate the invention and
should not be considered as limitative of the invention.

EXAMPLES

1. —Synthesis of N-Boc-piperazine 1
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-continued

H H
N N.
[ j = [ j
—_—

N N

H |
BOC
1

Piperazine (20 g, 232.5 mmol) was dissolved in MeOH (20
ml) and Et;N (48.5 ml, 348.8 mmol) was added. A solution
of Boc anhydride (20.27 g, 92.87 mmol) in MeOH (40
ml+10 ml for washing) was dropwise added. The mixture
was stirred overnight at room temperature. The solvent was
evaporated, the product was extracted with ethyl acetate and
the solid was washed with ethyl acetate. 50 ml of a concen-
trated solution of bicarbonate were added to the organic
phase to remove the excess of piperazine. The organic phase
was washed with bicarbonate two more times. The aqueous
phase was extracted with 40 ml of ethyl acetate. The organic
phases were combined, dried over MgSO4, filtered and
evaporated to dryness. A beige/white solid was obtained
(14.58 g, 84%).

2. —Synthesis of Compound 2

al i
K2CO;
N
/O
1
F BOC
cl
/O
[Nj
1
BOC

A mixture of Boc-piperazine 1 (14.58 g, 78.28 mmol),
K,CO, (10.82 g, 78.28 mmol) and 2-chloro-6-fluoro-benz-
aldehyde (8.30 g, 52.34 mmol) in DMF (27 ml), was heated
at 90-100° C. overnight. When the reaction was complete,
the crude reaction was poured over 500 ml of water and
stirred for 30 min. The initially formed oil solidified and was
filtered and the precipitate was washed with water. A mass
of 18.19 g was obtained. 1.026 g of the crude product were
purified by chromatography to yield 0.97 g of the pure
product together with di-Boc-piperazine (87% yield).

'H-NMR (400 MHz, CDCL,): & (ppm) 10.37 (s, 1H), 7.38
(d, 1=8.1 Hz, 1H), 7.12 (dd, J=8.1, 0.9 Hz, 1H), 7.04-6.95
(m, 1H), 3.70-3.55 (m, 4H), 3.02 (s, 4H), 1.48 (s, 9H).
BC.NMR (101 MHz, CDCL,): & (ppm) 189.16, 155.43,
154.61, 137.23, 134.09, 125.87, 124.60, 117.72, 79.90,
53.25, 43.56, 28.33 (d, I=2.7 Hz).
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3. —Synthesis of Compound 3

cl i
K,CO5
4
AP
1
F Bn
Cl
AP
[Nj
1
Bn

A mixture of 1-benzyl-piperazine (5.66 g, 32.16 mmol),
K,CO; (4.81 g, 34.84 mmol) and 2-chloro-6-fluoro-benzal-
dehyde (4.25 g, 26.80 mmol) in DMF (25 ml), was heated
at 90-100° C. overnight. When the reaction was complete,
the crude reaction was poured over 150 ml of water and
stirred for 30 min. The solid was filtered and the precipitate
was washed with water. The solid was dissolved again with
Ethyl acetate, dried over MgSO,, filtered and evaporated.
The crude product was purified by chromatography (Ethyl
acetate:Heptane 1/5) to yield 7.68 g of the pure product 3
(91% yield).

'H-NMR (400 MHz, CDCly): 8 (ppm) 10.29 (s, 1H),
7.43-7.24 (m, 6H), 7.06 (d, J=7.9 Hz, 1H), 6.99 (d, J=8.3 Hz,
1H),3.57 (s, 2H), 3.27-2.97 (m, 4H), 2.63 (s, 4H). *C-NMR
(101 MHz, CDCly): & (ppm) 189.65, 189.63, 156.20,
137.86, 133.98, 129.20, 128.29, 127.19, 124.30, 117.53,
62.97, 53.57, 53.01.

o
E

4. —Synthesis of Compound 4
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-continued

Cl
@[CHO

N.
()
KHO
A mixture of 1-quinolone-piperazine (0.2 g, 0.66 mmol),
K,CO; (0.14 g, 0.99 mmol) and 2-chloro-6-fluoro-benzal-
dehyde (0.14 g, 0.86 mmol) in DMF (5 ml), was heated at
90-100° C. overnight. When the reaction was complete, the
crude reaction was poured over 50 ml of water and was
extracted with Ethyl Acetate (2x10 ml). The organic phase
was dried over MgSQ,, filtered and evaporated. The crude
product was purified by chromatography to yield 0.26 g of
the pure product 4 (89% yield).

'H-NMR (400 MHz, CDCL,): & (ppm) 10.95 (s, 1H),
10.30 (d, J=1.1 Hz, 1H), 7.69 (d, J=9.5 Hz, 1H), 7.43 (dd,
J=8.7,1.1 Hz, 1H), 7.35 (d, J=1.1 Hz, 1H), 7.07 (s, 1H), 6.99
(d, I=8.2 Hz, 1H), 6.84-6.74 (m, 1H), 6.70 (d, J=2.3 Hz, 1H),
6.50 (dd, J=9.4, 1.1 Hz, 1H), 4.11-4.03 (m, 2H), 3.09 (t,
J=4.8 Hz, 4H), 2.66 (s, 4H), 2.50 (s, 2H), 1.87 (s, 2H), 1.72
(s, 2H). 1*C-NMR (101 MHz, CDCl,): 8 (ppm) 189.46,
165.13, 161.28, 155.96, 140.80, 140.37, 136.16, 133.96,

128.89, 125.64, 124.22, 117.63, 117.46, 114.07, 112.66,
98.89, 67.95, 57.90, 53.35, 52.94, 27.04, 23.15.

O‘ O

4

5. —Synthesis of Compound 5

X
ol EJ

BOC
BOC 5
17.16 g of crude compound 2 and the 0.97 g obtained after
column chromatography were combined. This corresponds
to 1531 g (47.15 mmol) of pure compound 2. It was
dissolved in DMF (40 ml) and t-butylthiol (12 ml, 106.50
mmol) and Cs,COj; (34.70 g, 106.50 mmol) were added. The
temperature was raised to 90-100° C. and the reaction
mixture stirred for 1 hour and 45 min. When the reaction was

CS2C03

H—»

Bu—



US 11,312,708 B2

37

complete, the reaction crude was poured over 500 ml of
water and stirred for 30 min. An oil, less dense than water,
was obtained. It was filtered through earth and washed with
water. The oil was dissolved in acetone and evaporated to
dryness. On allowing to stand the oil for the weekend, a solid
was obtained. It was washed with water until water did not
get yellow any more. 1.01 g of the crude product were
purified by chromatography to yield 0.97 g of the pure
product together with di-Boc-piperazine. Taking this into
account, the yield was almost quantitative. We got 20.70 g
of crude product, of which 17.83 g are pure compound.

13C NMR (126 MHz, CDCl,) § 192.15, 154.71, 153.52,
138.76, 132.95, 132.56, 132.48 (d, J=5.0 Hz), 119.67, 79.63,
53.12, 47.68, 43.71 (d, I=109.3 Hz), 31.10, 28.35 (d, J=6.4
Hz). "H NMR (400 MHz, CDCl,) 8 10.64 (s, 1H), 7.42 (d,
J=8.0 Hz, 1H), 7.29 (dd, I=7.7, 1.1 Hz, 1H), 7.07 (d, J=8.2
Hz, 1H), 3.64 (t, J=5.0 Hz, 4H), 3.01 (t, J=4.9 Hz, 4H), 1.48
(s, 9H), 1.29 (s, 9H).

6. —Synthesis of Compound 6

cl s\/\CH3
CHO CHO
N —_— N
J Q)
| |

BOC BOC

1.0 g (3.28 mmol) of pure compound 2 was dissolved in
DMF (4.0 ml) and propanethiol (0.59 ml, 6.56 mmol) and
Cs,CO; (2.14 g, 6.56 mmol) were added. The temperature
was raised to 90-100° C. and the reaction mixture stirred for
1.5 hours. When the reaction was complete, the reaction
crude was poured over 250 ml of water and stirred for 30
min. The solid was filtered through earth and washed with
water. The solid was dissolved in dichloromethane, dried
over MgSO,, filtered and evaporated to yield product 6
(85% yield).

'H-NMR (500 MHz, CDCL,): § (ppm) 10.42 (d, J=0.6 Hz,
1H), 7.41 (s, 1H), 7.04 (d, J=8.1 Hz, 1H), 6.85 (dd, J=8.1,
0.9 Hz, 1H), 3.60 (t, J=5.0 Hz, 5H), 3.00 (s, 4H), 2.95-2.85
(m, 2H), 1.76 (d, J=7.3 Hz, 1H), 1.48 (s, 11H), 1.08 (s, 2H).

7. —Synthesis of Compound 7

§— Butil
cl
0 ~°
/
N
N C5,CO5
Butil—SH ——>
DMF
N
N
| BOC
Bn
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The intermediate compound 3 (3.0 g 9.53 mmol) was
dissolved in DMF (10 ml) and t-butylthiol (4.30 ml, 38.12
mmol) and Cs,COj; (12.42 g, 38.12 mmol) were added. The
temperature was raised to 90-100° C. and the reaction
mixture stirred for 3 hours. When the reaction was complete,
the reaction crude was poured over 200 ml. An oil, less
dense than water, was obtained. It was filtered through earth
and washed with water. The oil was dissolved in Ethyl
Acetate, was dried over MgSO,, filtered and evaporated to
yield 3.34 g of crude product 7 (95% yield).

'"H-NMR (400 MHz, CDCI,): 8 (ppm) 10.59 (d, J=0.6 Hz,
1H), 7.34 (d, J=0.7 Hz, 7H), 7.09 (dt, J=8.2, 0.8 Hz, 1H),
3.59 (s, 2H), 3.17-3.04 (m, 4H), 2.68 (d, J=4.9 Hz, 4H), 1.30
(s, 9H). *C-NMR (101 MHz, CDCl,): & (ppm) 192.38,
154.09, 138.38, 138.03, 132.81, 131.82, 129.25, 128.22,
127.08, 119.34, 63.06, 53.25, 53.14, 47.61, 31.15

8. —Synthesis of Compound 8

S—"Bu S—"Bu
A° —
o
[Nj [Nj
i 1
BOC BOC
8

A flask was charged with well dried potassium tert-butoxide
(17.52 g, 156.11 mmol) and (PPh,CH,OMe)Cl (58.87 g,
171.72 mmol) under inert atmosphere. The flask was placed
in an ice bath and dry THF (80 ml) was added. It was stirred
for 30 min. Then, 19.96 g of crude compound 5 (16.96 g of
pure compound, 44.81 mmol) were added and the mixture
was stirred overnight. When the reaction was complete,
NH,Cl was added and the mixture extracted with the THF
of the reaction and ethyl acetate. The organic phase was
washed three times with a saturated aqueous solution of
NH,CI (50 ml), the aqueous phases were combined and
extracted with ethyl acetate (40 ml). The organic phases
were combined, dried, filtered and evaporated. A dark color
oil was obtained. The compound was extracted with a
mixture of acetate/heptane 1/10 (100 ml) under stirring. A
dark brown solid precipitated, which was washed with
heptane. The solvent was evaporated to yield a brown oil.
The compound was extracted with heptane under stirring
overnight, and a beige solid precipitated. It was filtered and
washed with heptane. The solvent was evaporated to yield
an oily crude (31 g).

E Isomer

13C NMR (101 MHz, CDCl,) & 154.71, 152.43, 150.85,
135.90, 134.75, 13234, 12520, 119.94, 102.04, 79.48,
55.77, 51.34, 47.65, 43.95, 31.13, 28.34.
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E/Z Mixture

13C NMR (101 MHz, CDCl,) & 154.80 (t, J=2.5 Hz),
152.44 (d, 1=2.3 Hz), 151.95 (d, J=2.1 Hz), 150.88 (d, ]=2.2
Hz), 146.44 (d, J=2.2 Hz), 135.93 (t, J=2.6 Hz), 134.76 (d,
J=2.2 Hz), 133.73 (d, ]=2.2 Hz), 132.66 (d, ]=2.2 Hz),
13236 (d, J=1.9 Hz), 126.59 (d, J=2.1 Hz), 125.25 (d, I=2.3
Hz), 119.98 (d, J=2.2 Hz), 119.08 (d, ]=2.2 Hz), 103.83 (d,
J=2.2 Hz), 102.09 (d, J=2.0 Hz), 79.58 (d, I=1.8 Hz), 79.44
(d, I=1.7 Hz), 59.18 (d, J=2.1 Hz), 55.88 (d, J=2.0 Hz),
51.55, 51.36, 47.75 (d, I=1.9 Hz), 46.72 (d, I=1.9 Hz),
44.11, 31.19 (dd, J=4.6, 2.3 Hz), 28.40 (d, ]=2.3 Hz).

'H NMR (400 MHz, CDCl,) 8 7.67 (d, J=12.9 Hz, 1H),
732 (d, J=1.4 Hz, 2H), 7.14 (s, 1H), 7.09-6.89 (m, 3H), 6.36
(d, I=13.0 Hz, 1H), 6.03 (d, ]=6.8 Hz, 1H), 5.48 (d, J=6.7
Hz, 1H), 3.72 (s, 4H), 3.64 (s, 2H), 3.53 (s, 7H), 2.90 (s, 7H),
1.48 (s, 16H), 1.27 (d, I=2.5 Hz, 17H).

9. —Synthesis of Compound 9

S—"Butil
@[/ Q[:—. o—
N

S—Butil

/ (6]
[Nj [ j
N N

Bn Bn

=}

A flask was charged with well dried potassium tert-butoxide
(3.21 g, 28.59 mmol) and (PPh,;CH,OMe)Cl1 (10.78 g, 31.45
mmol) under inert atmosphere. The flask was placed in an
ice bath and dry THF (25 ml) was added. It was stirred for
30 min. Then, the crude compound 7 (2.93 g, 7.95 mmol)
was added and the mixture was stirred overnight. When the
reaction was complete, NH,Cl was added and the mixture
extracted with Ethyl acetate. The organic phase was dried
over MgSO,,, filtered and evaporated. The crude product was
purified by chromatography (Ethyl acetate:Heptane 1/4) to
yield 2.52 g of the pure product 9 (80% yield).

E/Z Mixture

'H NMR (400 MHz, CDCl,) 8 7.77 (d, J=13.0 Hz, 1H),
7.35 (s, 7H), 7.18-7.09 (m, OH), 7.04 (d, ]=0.9 Hz, 2H), 6.43
(d, I=12.9 Hz, 1H), 6.01 (d, ]=6.7 Hz, OH), 5.47 (d, J=6.8
Hz, OH), 3.72 (s, 3H), 3.61 (s, 1H), 3.57 (s, 2H), 2.98 (d,
J=5.0 Hz, 5H), 2.58 (s, SH), 1.27 (d, J=4.3 Hz, 14H).

E Isomer

'H NMR (400 MHz, CDCl,) 8 7.76 (d, J=13.0 Hz, 1H),
7.34 (s, 6H), 7.04 (d, J=0.8 Hz, 2H), 6.42 (d, J=13.0 Hz, 1H),
3.71 (s, 3H), 3.56 (s, 2H), 2.98 (s, 4H), 2.58 (s, 4H), 1.27 (s,
9H). 1*C NMR (126 MHz, Chloroform-d) 8 152.45, 151.25,
138.12, 135.85, 134.57, 132.20, 129.24, 128.26, 127.11,
125.23, 120.13, 102.59, 63.24, 56.04, 53.60, 51.44, 47.82,
31.27.
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10. —Synthesis of Compound 10

S—"Bu

ol

10

7.37 g of the crude compound 8 (4.30 g of pure compound,
10.60 mmol) were dissolved in CH,Cl, (20 ml). Concen-
trated hydrochloric acid (9 ml) was added and the mixture
was stirred under reflux for 1 h. CH,Cl, (20 ml) and HC1 2N
(20 ml) were added. The aqueous phase was washed four
times with CH,Cl, to remove the residues of triphenyl
phosphine oxide and triphenyl phosphine. The aqueous
phase was basified by addition of NaOH. The compound
was extracted with ethyl acetate, dried over MgSO,, filtered
and evaporated. A red oil was obtained (2.03 g).

13C NMR (101 MHz, CDCL,) & 148.93, 141.11, 134.12,
124.96 (d, J=9.9 Hz), 121.90, 116.96, 112.18, 53.55, 46.44.
'H NMR (400 MHz, CDCl,) & 7.60-7.50 (m, 1H), 7.42 (d,
J=0.8 Hz, 1H), 7.39 (s, 1H), 7.28 (s, 1H), 6.90 (d, ]=0.8 Hz,
1H), 3.12 (s, 8H).

11. —Synthesis of Compound 11

X
oo

Bn Bn
11

The crude compound 9 (0.15 g of pure compound, 0.39
mmol) was dissolved in CH,Cl, (2 ml) and was placed in an
ice bath. A flask was charged with a 1:1 mixture of trifluo-
roacetic acid and triflic acid (0.4 ml+0.4 ml) under inert
atmosphere was placed in an ice bath. The acid mixture was
slowly added over the compound 9. The mixture was stirred
for 1 hour. The mixture was basified by addition of a solution
of 20% NaOH. The compound was extracted with ethyl
acetate, dried over MgSO,, filtered and evaporated.

11 NMR (400 MHz, CDCl,) 8 7.54 (s, 1H), 7.44-7.26 (m,
8H), 6.90 (dd, I=7.7, 0.8 Hz, 1H), 3.64 (s, 2H), 3.20 (s, 4H),
2.72 (s, 4H). 13C NMR (126 MHz, Chloroform-d) & 148.58,
141.11, 138.11, 134.11, 129.28, 128.30, 127.15, 125.03,
124.88, 121.96, 116.93, 112.19, 63.20, 53.52, 52.16.



US 11,312,708 B2

41
12. —Synthesis of Compound 12

S Bu S Bu
CH.
o3
: : : /‘h,,o (;[/\O

oo

BOC oC
12

N
N
|
B

0.1279 g of the crude compound 8 (0.314 mmol) were
dissolved in CH,Cl, (0.6 ml). Formic acid (0.3 ml) was
added and the mixture was stirred at room temperature
overnight. The mixture was basified by addition of a con-
centrated solution of bicarbonate (10 ml). The aqueous
phase was washed with CH,Cl, (5 ml). The organic phases
were combined, dried over MgSO,, filtered and evaporated.
The crude product was purified by chromatography (Ethyl
acetate:Heptane 1/3) to yield 0.062 g of the pure product 12
(48% yield).

13C NMR (101 MHz, CDCl,) 8 199.04, 151.86, 137.17,
135.74, 134.45, 127.83, 122.10, 79.76, 52.07, 47.73, 44.93,
43.44,30.94, 28.39. "H NMR (400 MHz, CDCl,) 8 9.45 (s,
1H), 7.47 (d, I=1.2 Hz, 1H), 7.28 (s, 1H), 7.20 (dd, J=8.0,
1.2 Hz, 1H), 4.10 (d, J=2.2 Hz, 2H), 2.81 (s, 8H), 1.47 (s,
9H), 1.27 (s, 9H).

13. —Synthesis of Compound 13

K
oC
$

BOC

—_—
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A flask was charged with intermediate 5 (2.216 g, 5.616
mmol) and dissolved in CH,Cl, (15 ml) under inert atmo-
sphere. The flask was placed in an ice bath and dry Ethyl
chloroacetate (0.72 ml, 6.74 mmol, 1.2 equivalents) was
added. Then, t-BuOK (0.945 g, 8.42 mmol, 1.5 equivalents)
was added slowly and the mixture was stirred at room
temperature overnight. When the reaction was complete, a
saturated solution of NaCl in water (20 ml) was added and
the mixture extracted with ethyl acetate (15 ml). The crude
product was purified by column chromatography.

'H-NMR (400 MHz, CDCL,):  (ppm) 8 7.32 (s, 1H), 7.26
(s, 1H), 7.07 (d, J=7.9 Hz, 1H), 4.40 (d, J=1.9 Hz, 1H),
3.84-3.79 (m, 1H), 3.58 (t, J=5.2 Hz, 4H), 2.89 (s, 4H), 1.47
(s, 9H), 1.30 (s, 9H). *C NMR (101 MHz, CDCI3) § 7.32
(s, 1H), 7.26 (s, 1H), 7.07 (d, I=7.9 Hz, 1H), 4.40 (d, J=1.9
Hz, 1H), 3.84-3.79 (m, 1H), 3.58 (t, J=5.2 Hz, 4H), 2.89 (s,
4H), 1.47 (s, 9H), 1.30 (s, 9H).

14. —Synthesis of Compound 14

1. CICH,COOEt

_—

2. 'BuOK

>d

(

S/\/
)

BOC

S/\/

O
O OEt
[Nj
|
BOC

A flask was charged with intermediate 6 (1.01 g, 2.75 mmol)
and dissolved in CH,Cl, (5 ml) under inert atmosphere. The
flask was placed in an ice bath and dry Ethyl chloroacetate
(0.46 ml, 2.0 equivalents) was added. Then, t-BuOK (0.61 g,
2.0 equivalents) was added slowly and the mixture was
stirred at room temperature for 2 hours. When the reaction
was complete, a saturated solution of NaCl in water (10 ml)
was added and the mixture was extracted with ethyl acetate
(10 ml), the organic phase was dried over MgSO,, filtered
and evaporated to obtain the product 14 (85%).

'"H-NMR (500 MHz, CDCL,): 8 (ppm) & 7.23 (d, I=7.9
Hz, 1H), 7.05 (dd, J=8.0, 0.9 Hz, 1H), 6.85 (dd, J=8.1, 0.9
Hz, 1H), 4.31 (d, J=7.1 Hz, 2H), 4.20 (d, J=2.1 Hz, 1H), 3.71
(dd, I=2.2, 0.5 Hz, 1H), 3.55 (s, SH), 2.92 (s, 1H), 2.85 (d,
J=247 Hz, 1H), 1.71 (d, J=7.3 Hz, 2H), 1.47 (s, 13H), 1.33
(d, J=0.5 Hz, 2H), 1.04 (s, 2H).
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15. —Synthesis of Compound 10

S é
@]
1. NaOH
B —
[ j O OEt 2.0t

BOC

N
N
|

(]

N
H

10

2.0 g of the crude compound 13 (1.20 g of pure compound,
2.98 mmol) were dissolved in a mixture of CH,Cl, and
MeOH 1/1 (10 ml). A solution of NaOH 1M (10.0 ml) was
added and the mixture was stirred at room temperature for
3 h. The mixture was evaporated, then was acidified by
addition of a concentrated solution of HCI (3 ml) and stirred
under reflux for 30 minutes. The mixture was neutralized by
addition of an aqueous solution of NaOH 20% and the
mixture extracted with ethyl acetate (10 ml). The organic
phase was dried over MgSO,, filtered and evaporated.
Compound 10 was obtained (65% yield).

The invention claimed is:
1. A compound of formula (II), or a salt or solvate thereof,

1D
S—R?

S

wherein in formula (I):
R! is selected from the group consisting of hydrogen
and an amino protecting group selected from:
—COOR where R is selected from the group con-
sisting of C,-C¢ alkyl, C,-C4 alkenyl, C;-C,
cycloalkyl, C,-C,, aryl, (C4-C,aryl(C,-Cyal-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C,-C; alkenyl, C;-C, cycloal-
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kyl, C4-Cq aryl, (Co-C,p)aryl(C,-Co)alkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cs alkyl, C¢-Cy aryl and (Co-C)aryl(C,-Co)
alkyl, and

—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cy
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,

—(CH,),—X, —(CH,),—OR,

><~/ '

(0] N O and
Ty
&/ '

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C, alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, jarylsulfonates;

R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cy
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-C alkyl, C4-C,, aryl and
(Cs-Croaryl(C-Colalkyl,

—COR where R is selected from the group consist-
ing of C,-C alkyl, C¢-C,, aryl and (C4-C,)aryl
(C,-Cyalkyl, and

—COOR where R is selected from the group con-
sisting of C,-Cq alkyl, C4-C,, aryl and (C4-C,,)
aryl(C,-Ce)alkyl;

R? is selected from the group consisting of —CHO,
—CN, —C(O)OR' and —C(O)X",

X' is halogen;

R' is selected from the group consisting of H, C,-Cg
alkyl, C4-C,, aryl and (C4-C, aryl(C,-Cy)alkyl;
R? is selected from the group consisting of C,-Cy alkyl,

Cs-Cyp aryl, (C4-Cyparyl(C,-Colalkyl, —C(O)OR",

—C(S)OR" and —C(O)R"; and

R" is selected from the group consisting of C,-C alkyl,
Cs-Cp aryl and (Cg-C,)aryl(C,-Celalkyl;

or a compound of formula (III), or a salt or solvate
thereof,
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(1)

wherein in formula (III):

R! is selected from the group consisting of hydrogen
and an amino protecting group selected from:
—COOR where R is selected from the group con-

sisting of C,-C¢ alkyl, C,-C4 alkenyl, C;-C,
cycloalkyl, C,-C,, aryl, (C4-C,aryl(C,-Cyal-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C,-C; alkenyl, C;-C, cycloal-
kyl, C4-C, 4 aryl, (C4-Cp)aryl(C,-Cy)alkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cq alkyl, C4-C,, aryl and (Cy-C, p)aryl(C,-Cy)
alkyl, and

—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cy
alkyl, C;-C, cycloalkyl, C4-C, aryl, C,-C, alkoxy
and halogen,

7(CH2)M7X5 7(CH2)n40R5

>{~/ '

O N O and
00
>{~/ '

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C; alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, arylsulfonates;

R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cy
alkyl, C;-C, cycloalkyl, C4-C, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-C, alkyl, C4-C,, aryl and
(Cs-C1o)aryl(C,-Cyalkyl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C,-C,, aryl and (C4-C,)aryl
(C,-Cyalkyl, and

—COOR where R is selected from the group con-
sisting of C,-C alkyl, C4-C,,, aryl and (C4-C,)
aryl(C,-Ce)alkyl;
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R* is selected from the group consisting of halogen and
—OR;

R' is selected from the group consisting of C,-Cj alkyl,
Cs-Cp aryl and (Cg-C,)aryl(C,-Celalkyl;

R? is selected from the group consisting of C,-Cy alkyl,
Cs-Cyp aryl, (C4-Cyparyl(C,-Colalkyl, —C(O)OR",
—C(S)OR" and —C(O)R"; and

R" is selected from the group consisting of C,-C alkyl,
Cs-Cyp aryl and (Cg-Cyp)aryl(C,-Coalkyl;

or a compound of formula (IV), or a salt or solvate
thereof,

aw
S—R?

RS

-

wherein in formula (IV):

R! is selected from the group consisting of hydrogen
and an amino protecting group selected from:
—COOR where R is selected from the group con-

sisting of C,-Cy alkyl, C,-C, alkenyl, C;-C,
cycloalkyl, C4-C,, aryl, (C¢-C,p)aryl(C,-Cy)al-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C, alkyl, C,-C4 alkenyl, C;-C, cycloal-
kyl, C¢-Cyp aryl, Co-Coaryl(C,-Co)alkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cg alkyl, C4-C, aryl and (C4-C, o)aryl(C,-Cq)
alkyl, and

—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cg
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,

—(CH,),—X, —(CH,),—OR,

><~/ '

(0] N O and
T
><r/ '

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C; alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, jarylsulfonates;
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R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cy
alkyl, C;-C, cycloalkyl, C4-C, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-C; alkyl, Cs-C,, aryl and
(Cs-Cyp)aryl(C,-Cy)alkyl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C¢-C, aryl and (C4-Cp)aryl
(C,-Cy)alkyl, and

—COOR where R is selected from the group con-
sisting of C,-Cq alkyl, C4-C,, aryl and (C4-C,,)
aryl(C,-Ce)alkyl;

R? is selected from the group consisting of C,-Cj alkyl,
Cs-Cyp aryl, (C4-Cyparyl(C,-Cg)alkyl, —C(O)OR",
—C(S)OR" and —C(O)R";

R" is selected from the group consisting of C,-C alkyl,
Cs-Cp aryl and (C¢-C,p)aryl(C,-Cyalkyl;

R’ is selected from the group consisting of —CHO,
—CN, —C(O)OR" and —C(O)X",

X" is halogen; and

R™ is selected from H, the group consisting of C,-Cg
alkyl, C4-C,, aryl and (C4-C, )aryl(C,-Cy)alkyl

with the proviso that when R' is hydrogen and R? is
methyl, then R® is not —CN.

2. The compound of formula (II), or a salt or solvate
thereof, according to claim 1

1D
S—R?

Rr2

-

wherein in formula (II):

R! is selected from the group consisting of hydrogen
and an amino protecting group selected from:

—COOR where R is selected from the group con-
sisting of C,-C¢ alkyl, C,-C4 alkenyl, C;-C,
cycloalkyl, C,-C,, aryl, (C4-C,aryl(C,-Cyal-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C, alkyl, C,-C4 alkenyl, C;-C, cycloal-
kyl, C4-C, 4 aryl, (C4-Cp)aryl(C,-Cy)alkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cs alkyl, C6-Cyp aryl and (Co-C)aryl(C,-Co)
alkyl, and
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—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cy
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,
—(CH,),—X, —(CH,),—OR,

H
(0] N O and
n

a

H
O N O;

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C; alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, , arylsulfonates;

R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cg
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-C alkyl, C4-C,, aryl and
(Cs-Cyp)aryl(C,-Cy)alkyl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C,-C,, aryl and (C4-C,)aryl
(C,-Cyalkyl, and

—COOR where R is selected from the group con-
sisting of C,-Cq alkyl, C4-C,, aryl and (C4-C,,)
aryl(C,-Ce)alkyl;

R? is selected from the group consisting of —CHO,
—CN, —C(O)OR' and —C(O)X",

X' is halogen;

R' is selected from the group consisting of H, C,-Cq
alkyl, C4-C,, aryl and (C4-C, aryl(C,-Cy)alkyl;
R? is selected from the group consisting of C,-Cy alkyl,

Cs-Cyp aryl, (C4-Cyparyl(C,-Colalkyl, —C(O)OR",

—C(S)OR" and —C(O)R"; and

R" is selected from the group consisting of C,-C; alkyl,

Cy-Cp aryl and (C4-C, p)aryl(C,-Cy)alkyl.

3. The compound of formula (III), or a salt or solvate
thereof, according to claim 1

(I
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wherein in formula (III):

R! is selected from the group consisting of hydrogen
and an amino protecting group selected from:
—COOR where R is selected from the group con-

sisting of C,-C¢ alkyl, C,-C4 alkenyl, C;-C,
cycloalkyl, C,-C,, aryl, (C4-C,aryl(C,-Cyal-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C,-C; alkenyl, C;-C, cycloal-
kyl, C4-Cq aryl, (Cs-Cyplaryl(C,-Cy)alkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cg alkyl, C4-C, aryl and (C4-C, o)aryl(C,-Cq)
alkyl, and

—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cy
alkyl, C;-C, cycloalkyl, C4-C, aryl, C,-C, alkoxy
and halogen,

—(CH,),—X, —(CH,),—OR,

?i/ '

@) N O and
T
>{~/ '

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C; alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, , arylsulfonates;

R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cy
alkyl, C;-C, cycloalkyl, C4-C, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-Cgalkyl, C,-C,, aryl and
(Cs-Croaryl(C-Colalkyl,

—COR where R is selected from the group consist-
ing of C,-C; alkyl, C¢-C, aryl and (C4-Cp)aryl
(C,-Cy)alkyl, and

—COOR where R is selected from the group con-
sisting of C,-C alkyl, C4-C,,, aryl and (C4-C,)
aryl(C,-Ce)alkyl;

R* is selected from the group consisting of halogen and
—OR;

R' is selected from the group consisting of C,-C; alkyl,
Cs-Cp aryl and (C¢-C,p)aryl(C,-Cyalkyl;

R? is selected from the group consisting of C,-Cj alkyl,
Ce-Cyparyl, (Co-Cp)aryl(C,-Colalkyl, —C(O) OR",
—O(S)OR" and —C(O)R"; and

R" is selected from the group consisting of C,-C, alkyl,

Cs-C,p aryl and (C¢-C, p)aryl(C,-Cy)alkyl.
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4. The compound of formula (IV), or a salt or solvate

thereof, according to claim 1

aw
§S—R?

RS

-

wherein in formula (IV):

R, is selected from the group consisting of hydrogen
and an amino protecting group selected from:
—COOR where R is selected from the group con-

sisting of C,-C; alkyl, C,-C; alkenyl, C;-C,
cycloalkyl, C4-C,, aryl, (C¢-C,p)aryl(C,-Cy)al-
kyl, 3- to 10-membered heterocyclyl, and 3- to
10-membered heteroaryl,

—COR where R is selected from the group consist-
ing of C,-C, alkyl, C,-C4 alkenyl, C;-C, cycloal-
kyl, C4-C,, aryl, (C4-C,p)aryl(C,-Cyalkyl, 3- to
10-membered heterocyclyl, and 3- to 10-mem-
bered heteroaryl,

—R where R is selected from the group consisting of
C,-Cy alkyl, C¢-Cy aryl and (Co-C)aryl(C,-Co)
alkyl, and

—Si(R)(R)(R") where R, R' and R" are indepen-
dently selected from the group consisting of C,-Cg
alkyl, C;-C, cycloalkyl, C4-C,, aryl, C,-C alkoxy
and halogen,

7(CH2)M7X5 7(CH2)n40R5

>{~/ '

(0] N O and
T
><~/ '

n is an integer from 1 to 6;

X is a leaving group selected from the group consisting
of halogen, C,-C, alkylsulfonates, C4-C,,
arylsulfonates and C,-CgalkylC,-C, , arylsulfonates;

R is selected from the group consisting of H and a
hydroxyl protecting group selected from:
—Si(R)(R)(R") where R, R' and R" are indepen-

dently selected from the group consisting of C,-Cg
alkyl, C5-C, cycloalkyl, C4-C,, aryl, C,-C, alkoxy
and halogen,

—R or —CH,—OR where R is selected from the
group consisting of C,-C; alkyl, C,-C,, aryl and
(Cs-Cyp)aryl(C,-Cy)alkyl,

—COR where R is selected from the group consist-
ing of C,-C alkyl, C¢-C,, aryl and (C4-C,)aryl
(C,-Cyalkyl, and
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—COOR where R is selected from the group con-
sisting of C,-Cq alkyl, C4-C,, aryl and (C4-C,,)
aryl(C,-Ce)alkyl;

R? is selected from the group consisting of C,-C,, alkyl,
Ce-Cyparyl, (Co-C0)aryl(C,-Colalkyl, —C(O) OR",
—C(S)OR" and —C(O)R";

R" is selected from the group consisting of C,-C alkyl,
Cs-Cyp aryl and (Cg-C,)aryl(C,-Cy)alkyl;

R’ is selected from the group consisting of —CHO,
—CN, —C(O)OR" and —C(O)X",

X" is halogen; and

R is selected from H, the group consisting of C,-Cq
alkyl, C4-C,, aryl and (C4-C, )aryl(C,-Cy)alkyl

with the proviso that when R' is hydrogen and R is
methyl, then R® is not —CN.

5. The compound as defined in claim 2, which is

[Nj
N H
k/\/o ; .
F
S—tBu S—1tBu
(;[/CHO, CHO,
[Nj [Nj
N N
| H
C(0)OtBu
S—1tBu
CHO,
[Nj
1
Bn
S—nPr
CHO
[Nj
N
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-continued
S—nPr S—nPr
Q(/CHO, @Q/CHO
[Nj [Nj
N N
H

C(0)OtBu

Cr

S—nPr
CHO,
[Nj
N

Bn

or a salt or solvate thereof.

or

6. The compound as defined in claim 3, which is

S—tBu

OMe

N

(]

Nk/\/o e
7

N

() C

N

Tz

C(0)OtBu

S—tBu
@E/\OMQ
N
()

Bn

S—tBu
/ OMe

>
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-continued -continued

S—1Pr S—1tBu
cHo,
T 3
N

S—1tBu
CHO,

N j [Nj
[ j H 10 N N

N o N o, | H

k/\/ C(0)OtBu

S—1tBu
/

15 CHO,

S—nPr S—nPr
N
/ OMe, / OMe or 20 [ j
N
N N |
Bn
S—nPr
Il‘I H 25 CHO
C(0)OtBu

S—nPr

30

Nj
N N o
o ,

e OMe, k/\/

Vs

N
[ j 35 S—nPr S—nPr
N Qi/cm, Qi/cm or
Bn
40 [Nj [Nj

7. The compound as defined in claim 4, which is N X
45

S—nPr
S—tBu
CHO,
CHO
50 N
) [ j
[ j N
N

wo |

or a salt or solvate thereof.

C(0)OtBu

Z
o

55 Bn

P or a salt or solvate thereof.

#* #* #* #* #*
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