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COMPOUNDS, PROCEESES FOR ORTATNING THE COMPQOUNDS,
PHARMACKEUTICAL COMPOSITION, USE OF THE COMPQUNDS AND METHOD
FOR TREATING PSYCHIATRIC DISORDERE AND/UR SLEEP DISURDERS
Field of the Invention

The present invention relates to novel and inventive
pharmaccologically active penzinidazaele derivative
compounds, which have affinity for melastonergic receptors,
specially MT1 and ™MTZ, showing high bicavailability and
decressed  drug-drug interaction potential. Novel and
inventive routes of synthesis are also describad for these
compounds, as wall asg pharmaceutical compositions
comprising these compounds and theilr use in the treatment
of individuals affected by psychiatric disorders and/forxr
szleep disorders relatad to such recsptors, such as
depression, anziety, insomnia and circadian cycle
disorders. The present Iinventicon i1s in the field of
pharmacy, medicine and chemistry.

Background of the Invention
}

estimates, over 32530 million people worldwide suffer from

According  toe  the World Health Organization {WHC

S

depression. According Lo this estimate, depression 1is
common in every ragion of the world and 1t is related to
social, psycholegical and bkilcological factors, and may e
associated with other disorders such as anwxiety and slesp
disorders. The earlier a treatment for these disorders is
started, the more efficient 1t is. From the bilciogical
stand polnt, several treatments are now being used and =ach
of them has advantages and dizadvantages, ag described
halow.

One of the treatments for psycehiatric disorders and
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sleep discrders 1sg the simulation of the phvsiclogical
affects of melatonin., Melatonin is a natural hormone widely
present in a variety o¢f organisms, such as bacteria,
unicelluiar algae, fungl, plilants, vertebrates and mammals,
inciuding humans. In mammals, melatonin is mainly produced
by the pineal gland and released intc the blood streanm
following the c¢ircadian rhythm, reaching a high plasma

concentration at night {Elotos, D. P., Jockers, R.. Cscon

malatonin raecepltors: ligands, modals ., oligomers, and
therapeutic potantial., Journal of Medicinal Chemistry,
57¢(85), 3161-3185.)}.

The physiclogical effects of melatonin are mediated by
the activaticn of & preotein-coupled melatonergic receptors,
which have Dbeen named MT, and MT,. Both receptors are
present in mammals, including humans. Msliateonin has a
variety of activities, including chronobiotic, hypnotic,
anticoxidative, oncostatic, immuncregulatory activities and
1t dis alse linked to the reproductive aovyoels mansgement,
controlliing the onset of pubsrty. Its contribution in the
regulation of  human  wmood and behavior  has arisen
gignificant clinical attentlon. Deficilencies in melatonin
production or in the expression of its receptors, as well
as changes in rhythm and range of melatonin secreticen, have
shown  importance in breast cancer nsurodegenerative

giseases and in Parkinson's and Alzheimer's dissases, in

3

addition to  some neurciogical disorders in  children,
conditions =such as chronice insomnia and sleep disorders
raelated to the aircadian oyoele. However, although widely

available, commercial melatonin has an unfavorable
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pharmacokinetic prefile dus  to  itg high first pass

metabolism, wvery short half-1life and high pharmacckinetdi

¥

inter-individual wvariability.

Recently, the implication of mneiatonin in
neurcpsychiatric disorders, such as nmaliocr depressive
disorder, has arisen special attenticn due to  the

avelopment of the molecule agomelatine, a melatonsrgic
agonist that targets MTL and MTZ receptors. (V. Srinivasan,
Amnon Brzeginski, SukruOter snd Samwel . Shilloutt, in
Melatonin and Mslatonergic Drugs in Clipnical Practice -

+h

203147 EBd., - pg. vi.

Agomelatine and ramelteon are two  examples ot
commercially available melatonergic compoeunds: although
considered effective, present non optimal pharmacokinetics
for oral drugs, as explained below. Agomelatine, described
in thes document EP O 447 285 by Andrisux et al. describes

compounds of general formula:

o
(/ﬁ AN H
m—,\@j@ {CH ""E;Cmﬁg

hiich are useful in the treatment of central nervous system
hich ful the © T Tt of tral yst

it

&
diseases. Similarly, US Patent ¢€,034,23% by Chkawa =2t al.
degcribes ramelteon as part of the compounds of genaral

Formala:

wherein Rl iz an optionally substituted hvdrocarbon group,
arr opticnally substituted amino group or an optionally

substituted heterocyclic group; RZ represents a hydrogen or
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an optionally substituted hydrocarbon group:; R3 repressanis
a hydrogen atom, an optionally substituted hydrocarbon
=,

group or an optionaily substituted heterocveiic group; X

@t

repregsents CHE4, NR4, O or &, wherein R4 repre

L’)
o

a
hydrogen atom or an opticonally substituted hydrocarbon
group; Y iz O, CH or ¥, provided that when X is CHZ, ¥ is C
or CH; the dashed line represents a singles or double bond:
A represents an opticnally substituted 5~ teo 7-memberad
orygen~containing heterccoyvelic ring: ving B represents an
optionally substituted benzene ring and m represents & full

figure from 1 to 4.

Agoemslatine and  ramelteon have appropriate  oxal

absorption. Howsever, both compounds undergo extensive

hepatic {or first pass) metabolism, resulting in low
absolute bicavaillabilities, which are estimated o bse 1%
for agomelatine and 1.8% for rameliteon (respectively:

Valdoran -~ Product Information - Australia, and Pandil-
Perumal et al., Pharmacctherapy of insomnia with ramelteon:
gsafety, efficacy and clinical applications, Journal of
Central Nervous System Disease 2011, 3, 51-65). The low
bicavailapility due to sxtensive metabolism leads to highly
variable pharmacokinetic profiles for bkoth drugs among
individuals., The main metabolite of ramelteon, which is
characterized by hydroxyliation of the secondary carbon in
the RIL group, is also active and, therefore, the action of
the drug depends on its metabolism, which compromises dirug
afficacy due to the population heterogensily.
Bicavallabilility 18 one of the  most important
proparties in oral drugs. A high oral biloavailability
allows a reduction in dose, encugh toe achleve gproper

pharmaccological effect, reducing the risk of side effecis
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and toxicity. A low bilcavailabllity may result in low
afficacy and high inter-~individual wvariability, which may
trigger unpredictable responses to the drug.

Therefore, if we only consider the unmet need for naw
drugs for psychiatric disordsrs and/or sleep discrders
along with the bicavaillabllity problems aiready describsd
for the commercially avallable melatonergic agonists, it is
possible to obgerve the neesed for development of new drugs
that overcome these disadvantages. In  addition, somse
melabonergle agonists, szuch as agomelatine, show additional
digadvantages specially in relation to drug interaction and
hepatotoxicity, as explained below.

Agomelatine tends to interact with proteins naturally
involved with the metaboliism of =mencbiotic compounds, such
as liver cytochrome enzymes (CYP450) Arcund 0% of
agomelatine 1is metabolized 1in the liver by the F450
cytochrome 1A2  {(CYPIAZ) enzyme and 10% by covicchromes
CYPZ2CY9 and CYP2CLE, with a high first pass netaboelism, as
previously menticonad, One possible metabolite of
agomalatine is 3,4-epoxide, which iz highly reactive and
can covalently modify imporitant proteins, probably being
ragponsible for liver toxicity.

As it is  a ¥EIAD substrate, the concomitant
administration o©of agomelatine with other drugs that
interact with this iscform ({such a3z fluvoxamine and
ciproflozacin} is not recommended as described in the
package leaflet for the refersnce drug for agomslatine,
Valdoxan. Since these drugs are potent inhibitors of

CYPLAZ, their concomitant adminisitrstion with agomelatine

inhibits its metabolisn and may lead to elevated plasma
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concentrations.

According to a recent statement issued by the Eurcpean
Medicine Agency {EMA), other drugs that are moderate
inhibitors of CYFPIAZ, such as propransicl, and CYPLIAZ
inducers, such  as rifampicin, also ghould not be
administered concomitantly with agomelatine since thay
alter its metabelism, which may lead to liver toxicity
ispacially in the case of inducers). In addition, the fac
that agomelatine metabollism 1s dependent on CYP208 and
CYPzCls, two highly polvmorphic proteins in the population,
makes the metabelism of this drug highly wvarisble in
patients, which leads to an additional risk.

Thus, there 1ls an svident nesd for the development of
new drugs that overcome agomelaitine bicavailability issues,
and ars alsc capable of reducing potential adverse effscis
related to iiver metabolism. Thersfors, there 1s a great
intereszt in the development of synthetic molecules
cargeting the nmelatonergic system and  that are more
suitable for patients. Farticularly, drugs from this class

that do not interact with CYP enzymes, specially CYPLAZ,

would provide therapsutic and  safety advantages for
patiesnts. {Mor, M. at  al. Recent advances in  the

develepment of melatonin MT {1} and MT{2} receptor agonists.
Expert Opinion on Therapsutic Patents 2010, 20(8), 1059~
1877y .

In the state of the art, several melatonin receptor
ligands from different structural classes are described and
will be mentioned here only as reference of the state of
the art, since none of them show the advantages of the

present Iinvention.
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Several of tThesge ligands have been designed comprising
the bicyclic indele ring substituticn present in melatonin

.

with other bicyclic or non-bicyclic biciso

n

teric rings,
such as naphthalene, penzofuran, benzothilophens,
benzoxazole, indane, tetralin, quinoline, phenvl, among
many others, without considerable detriment to the high
affinity to receptors. The wide variety of ithe bloiscsteric
indole nuclel described in the state of the art seems to
indicate that the nature of the aromatic ring type of
different ligands i less relevant for the affinity with
malatonin recaptors.

An exception teo thizg rule 1s observed when tThe
bicyelic nuclieus of the ligand, e.g. melatonin indoelic
nucleus, 1s substituted by & penzimidaszole nuclieus. In this
case, a decreass in the affinity for the melatonergic
receptors is cbserved in comparison to ligands comprising
cther nuclel {Ziotos, P, Jockers, R., Cecon, E., Riwvars,
S., & Witt-Bnderby, PR, - MTL and MTZ melatonin receptors:
ligands, models, oligomers, and therapeutic potential
Journal of Medicinal Chemistry, 57 (8}, 31&1-318

DPE{Z2005) Recent advances in melastonin recepbor ligands

Arvchiv Der Pharmazie {Weinheim)}, 338{5-86}), 25-247; Cathy
5. Mahle, Katherine 8. Taka¥ki and A. John ¥Waltson in Annual
Reports in Medicinal Chemistry vol. 322, pg. 36 e Melatonin
and Melatonergic  Drugs in  Clinical Fractice - V.
Srinivasan, Amnon Brzezinski, Sukrulter and Samusl D.
Shillcoutt, 201i4th BEd., - pg. $9).

Although many compounds with  high affinity  for
melatonin receptors have been described to date, references

of  compounds  which have aifinity and which show a
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benzimidazole type bilcvelic ring as central nucleus are
remarvkably rare. The main references related to derivatives
containing & benzimidazole nucleus are described below.

In US patent 5276051, along with its diwvisicns US
5308866 and U3S 5380750, Lesieur et al. describe melatonin
agenist conmpounds comprising varilous types of piloyclic
ringa, among them, indole, benzothiophene, bhenzimidazole,
benzoigozxazole, Dbenzoiscthiazoele and indazole. In  this
documant, the conpound shown in example 57 is N-[Z2-{&-~
maethoryvbenzimidazol~1l~yl)~ethyliacetamnide, correspoending Lo
the melatonin analogue in which the indole nucleus is
substituted by benzimidazole. Although this document doses
not disclose detalled information regarding affinity for
the described compounds, the affinity of the compound in
example 37 was published in a later study, where different
melatonin analogs were analvzed for theilr affinities., Underx

szay conditions, the affinity of this bhenzimidazole
derivative was found to be approzimately 32,200 times lower
than melatenin affinity {Depreux, P., Lesisur, U., Mansour,
H. A., Morgan, P., Howell, H. E., Renard, P., et al. (1384)
Synthesis and 3Structure~Activity Relationships of DlNovel
Maphthalene and Biloisosteric Related Amidic Derivatives as
Melatonin Receptor Ligands Journal of Medicinal Chemistry,
37T {20y, 3231-3239; P.A., Witt-Enderby, P~K. Li, Vitamin and
Hormonas, 2000, 3§, 321-35%4%.

Depreux et al {Synthetic Communications 19%4, 24 (15},
2123-2132) describe melatonin-like benzimidazoles conpounds
that were alsce described in U8 patent 260051, Among
synthesized compounds it is the abovementioned

benzimidazoels analogue of melatonin, In this document, no
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i
o

data regarding the affinities of these compounds
melatonin receptors ave reported.
n  patent (55496824 are described compounds of

formula:
- NMHCZ
OO

wherein R=H or Cl-4 alkoxy; ¥=CH or N; y=NH, O cor 8; &=Cl-4
alkyl, C3-6 cyclealkyl, CZ-3 alkenyl, NHZ, Ci-4 alkylamino,
or Cl=-4 alkoxvalkyl, except that & cannot be CH3 when R=H,
Z=CH and y=NH and 2 canncet be CHZ when R=H, X=N and y=NH
and NHC{OYZ is in the “para” position. Among the disclosed
compounds are benzimidazoles with anticonvulsive
properties.

Other examples of melatonergic compounds that do not
contain benzimidazole nuclei and therefore are not relevant
to the present invention, are menticned as state of the art
and can be found in: EP 0 506 538, WO 1937/11088,
Wo8G/62515, WOLL/17405, USLE56529, US &211225,

However, all compounds described in the state <of the
art usually do net have good affinity to melatonergic
raceptors, making them less sultable for therapeutic use.

Thus, the pressent invention addresses this gap with
novel compounds comprising benzimidazole nucleus with novel
and inventive substituents. In these compounds, the carbon
between the nitrogen of the benzimidazcele ring is bonded to
an oxygen or sulfur atom, followed by an alkyl chain. These
compounds have high affinity for the melatonsrgic recsptors
MTI and MTZ and have low affinity for the CYP450 complex
BNZYINAE . Thus, thase compounds ghow a pPromising

pharmscokinetic profils, with high bicavallability:
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additionally, it 18 possible teo avold liver problems,
including those resulting from drug interactions. The
compounds  ©of the present invention are useful in the
treatment of subjects affected with gpsychiatric disorders
and/or sleep discrders mediated by or asscciated with these
receptors, such as discrders related to slesp and cilrcadian
cycls, et lag, chronic insomnia and/or psychiatric
digorders such as wmajor depressive disorder, szeasonal
depression, and anziety.

Based on a literature survey, no documents were found
anticipating or suggesting the findings of the present
invention, so¢ that the technical soluticon here proposed has
novelty and inventive activity compared to the state of the
art.

Summary of the Inventicon

In one aspect, the present invention relates to novel

and inventive pharmacologically active benzimidazole

derivative compounds with high bicavailability and reduced

drug-drug interaciion effects. More specifically, they have
high affinity for melatonin MTL and MTE receptors and have

no affinity for CYP enzymes, specially CYPLAZ, The method
for obtaining the route ©f synthesgls for thesge compounds,
pharmaceutical compesitionsg and theilr use in the treatment
of individuals affected with psychiatric discrders and/forx
sleep disorders ars also described.

Therefore, 1t 1is the first object of the present

invention to provide the compound of general formula {(I):
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Q‘}/ﬁﬁ
AN,
Ha
X

/
ng SN
VR
SN (CHglyCHy
Ha

{1}
wherain
X rapresents an owygen or sulfur atom:
A represants a linear alkyl group of CZ-4 which may have

ong or more hydrogens substituted by an alkyl group
selected from methyl, ethyl, propyl or isopropyil;

Bl is a Cil-6 aikyl grcoup, or C2-& alkenvl, or CZ-6
alkvnvl, or Cl-& haloalikvl, or C3-¢6 cycleoalkvi, or C

alkyl~-C3-6 oycloalkyl:

RZ represents a hydrogen or & C1l-3 alkyvl group:
R3 reprasents a hydrogen or a halogen abtoms
R4 iz a Cl-6 alkyl group:
n is O ov 1.
It is alsc an oblject of the pressnt invention the

compound of generval formula (IL}:
Nk

~(GHay AN

R N
x}m}(\
e -
N {CHg},~CHy (1T
wharein
X repraegsents an oxvgen or sulfur atom;
A reprasents a linear alkyl group of CZ2~4 which may have

one  or moere hydrogens  substituted oy an  alkvl group
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sopropyl;

fie

selected from methyl, ethvl, propvl or
R1 is a Cil~6 alkyl groug, or CZ2-6 alkenvl, or C2-6
alkynyl, or Cl-% halecalkyl, or C3-% cycloalkyl, or Ci-Z2
alkvi-C3~6 cycloalkyl;

REZ reprasents a hydrogen c¢r a Cl-3 alkyl group:

n is & or 1:
&) is 1 or 2.

A further opject of the present invention is a process
of obtaining the compound of genaral formala (T,

comprising the following steps:

=

{a) reacting of a compeound of formula (11X}
H
x 2
,G\fq% N & —NH

Rq T ;1:

T ND, (111},

with a carvbexylic acid anhvydride of
o0

R(LQJk&fIV}

kY

i

formuia {(IV}

or with a carboxylic acid halide of formuia (V)

A R,

whereinRl, RZ and R4 are as described for the compound of
general formula {I) and X1 is a halogen seliecied from the
group comprising chlorine and bromine, to obltain z compound

of formula (VI
" ?2@
O N—A—f—tep,

Hy E \I

N
NG (VI),

{b} reacting the compound {(VI} cbtained in step {(a} with a

raeducing agent to cbtailn the compound of formula (VIID)
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(¢} reacting the compound (VII) obtained in step (b} with
a tetraalkylorthocarbonate selected from the GTOUR
comprising the tetramethylorthocarbonate and tebrasthyl
orthecarbonate, fo obtain the compound of formula {(Ia)
Q
\\Q}—-“R-}
AN,
i Hao
Rfm v/QNMN
& | , } _____ Q)\
o (CHp)y CHg
1, : e
3 {Ia}l,

wherein
ZEro or

I

k3 represents a hydrogen atom and *n™

reprasents
one.

addition fto the aforementioned step, the process

for obtaining the compoeund of general formula (IY can
further comprisze the step of:

{d} reacting the compound of formula (Iz) obtained in step
(o) with & halogenating agent selected from the group
comprising N-bromosucoinimide, W-chlorosuccinimide and N-
iodosucceinimide, to oktain the compound of formula {Ia},

wherein

comprising br
In ancother

compound of

Comp

{a}

izes the steps

R3 represents a halogen selected from the group
omine, chlorine and iodine.

embodiment, the process of cbtaining the

general formula (I} of the present inventicn

of:

of formula
R

" 2

N—A— NH

reacting the compound

R,@fﬁ’\[f \\j\
e
e

“ND,

(IIT)

(I1L),
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with a carboxvlic acld anhvydride of formula (IV}
g 0

P

P
A
Ly
-

or with a carbozmylic acid halide of formula

O
X-{/LLF’E@ '} .

wherein R1, B2 and R4 are as described for ths compound of
formula (I} and X1 represents a halogen selectsd from the
group comprising chicorine and bromine, to obtain a compound

of formuls (VI

?2@
O N Al
£ E ~
NN
Ny (Vi)

3

ohtained in step (a8} with a

St

(b} reacting the conpound {(VI)

raeducing agent to obitain the compound of formula (VII)

{2} reacting the compound (VII} obtained in step (b} wiith

thiourea in order to obltain the compound (VIII)

Q\%}/R?
4N
Hg

E ,}—SH
Hy

S

(VITI

wherein R3 represents a hydrogen atom:

(£} reacting the compound {(VIIT) obtained in step (&} with

an alkylating agent to obtain the compound of formuls {(Ib}
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N (Ol Oy

Ra (Ib),
wherein R3 represents a hydrogen atom and “n” represants
IRre Or oOne;
{g} reacting the compound of formula (I} obtained in step
{fy with & halogenating agent elacted from the group
comprising N-bromosuccinimide, N-chleorosuccinimide and N-
iodosucceinimide, to obtain the compound of general formula
{Ib} wherein R3I represents a halogen selected from ths
group comprising bromine, chlorine and ilodine.

Anctheyr obiject of the present invention is the process
for obtaining the compound of general formula (rn
comprisging the fellowing steps:

{a} reacting the conpound of formula {(IX)}

A,
,"”(C'HZ};;H | 'O ;

N B O e e S
~ Y

M, (TX)
with a tetraalkyvlorthocarbonate sgselected from the group
comprising tetramethylorthocarbonate and Cetrasthvl

orthocarbonate, toe give a compound of formula (¥}

;

<

9,
\\Q_O

7
T3
2
o
7
T
4
xz\

7O
\’.‘r/ Y (GHQ}n“CHB (X}

wherein BEZ, *™n” and “p” are as described for the compound

of formulae {1} or (LI}
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{b) reacting the compeound of formula (¥} obtained in step
{a) with a deprotecting agent to obitain a compound of
Formula (X1}

M

/GH AN

N~ N

(¢} reacting of the compound of formula (XI} obtained in
{b) with & carboxylic acid anhvydride of formula (IV)

g 0

A

_/Jl\
RO By,

or with a carboxviic acid halide of formula (V)
O

2N

AOH

to obhtain the compound of formula {(Ila},

@}%

fw(e:;Hg;p A"‘"N

Ha
\\.// NN*N GHp}n CHH‘; TT
ia) I
wherein Rl iz as described for the compound of formula (11

and X1 represents a bromine or chiorine atom;

() reacting the compound of formula {(I¥)

ﬁ
i’ (C*Hg);;H ? Q 4
0~{;

A

{(I¥}

with thicurea, obtaining the compound of formula (XIT)
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G, ;AMN‘R
>

T (XTI} :

{2} reacting the compound of formula (XIT} obtained in

step {(d) with an zslkylating agent to obtain the compound of

- S
fFormula (XIII}
\
O\ ;‘
N0
/Gl AT N

PR ,y;\;
T\” - {QHz)n Gy .
(XTTT)

wherein “n” is as described for the compound of formulae

(I or {II):
(£} reacting the compound obtained in {2} with =
deprotecting agent to obtain a compound of formula XIV:

H

N
/ (CH.&)Q ‘é‘ R

T\ s o)
= “N {GHg}y~CHy

{g) reacting the compound of formula {(XIV) obtained in {f)

with a carboxvliic acld anhydride of formula {IV}
g 0

RT Q R'ﬂ {I“(f

v

L

or with a carbozylic acid halide of formula (V)
G

PN

X Ry,

to obtain the compound of formula {ITb}:
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Qy?"w

r«(Cszg A"’N 5,

I/’I ;s "{OH -G

A further obilect of the present dinvenbtion 1z  a

(Liby.

pharmaceutical composition characterized for comprising a

compoeund of general formula (1)

aj
O
Nk
AN,
{ Ha
O N
T~
R/ N (CHz,-CHg
3 (1)
wherein
X reprasents an cxygen or sulfur atom:
A reprassnts a linear alkyl group of CZ2-4 which may have

n

one  or more hydrogens substituted by an alkyl group
selected from methyi, ethvl, propyvl or isopropvi;
Rl represents & Cl-6 alkyvl group, or C2-% alkenyl, or C2-
& alkynyl, or Cl-% halcalkvi, or C3~& cvclealkyl, or
alkyi~C3~6 oyoloalkyl:
RZ represents a hydrogen or a Cl-3 alkyl group:
R3 repragents a hydrogen or a halogen atom
R4 reprasents a Cl-6 alkyvl group;
n ig O or 1l: and
7 at least cone pharmaceuticaily acceptable vehiclis.
A further cbkiect of the present inventicn 1s a
pharmsceutical composition characterized for comprising a

compound of general formula (Il):
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{a)
ﬁy“f;ﬂ
N
f"‘{CHz)p ,;A \ﬁ
G S N 2
Yy
o~
TN {GHad Gy (113
wherein
X represents an omygen or sulfur atom:
A represants a linear CZ-4 alkyl group which may have

ong or more hydrogens substituted by an alkyl group
selected from methvi, ethvl, propyl or isopropyvi:

El is a3 £1=-6 alikvl group, or (2=-% alkenvl, or CZ-6
alkvnvl, or Cl=& haloalikvl, or C3-¢ cycleoalkvi, or C

alkyi-C3~6 aoycloalkyl:

RZ reprezents a hvdrogen or a Cl-3 alkvl group:
n is O or 1:
o iz 1 or 2; and

by at least one pharmaceutlcally acceptable vehicle.
In addition, & further cbiect of the pregent invention

is the use of the compound of general formula (I}:

9,
Nl
AN
! Ha
\L L
o~ (GH,’;’}n 5
{1}
wherein
X reprasents an cxygen or sulfur atom:
A reprassents a linear alkyl group of CZ2-4 which may have

one  or meore hydrogens  substituted by an  alkyl group

selected from methyi, ethvl, propyvl or isopropvi;
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RI raprasents a Cl-6 alkyl group, or CZ-¢ alkenvl, ox (2~
¢ alkynyl, or Cl-6 hnaloalkyi, or <3-& cgycloalkyl, cr Cl-

alkyli-C3-6 cycloalkyl:
RZ repressants a hydrogen or a C1l-3 alikyvl group;
B3 reprasents a hydrogen or halogen atom;

R4 repressants a Cl-8§ alkyl group,

n is € or 1;
in  the manufacture of & drug for the treatment of

G
,,{
ol
(D
:r‘

psychiatric disorders and/or sleep diso
In addition, & further obdect of the present invention
is the use of the compound of general formula (I1):
ek
7 (CH, A””’N
o
{CHQHQHS

{11}
wherein
b4 represents an oxvgen or sulfur atom;
A reprasents a linear alkvl group of € Z2-4 which may

have one or more hydrogens substituted by an alkyl group
alected from methyi, sthyl, propvl or isopropvi

R1 repressnts a Cl-% alkvl group, or C2-% alkenyl, or CZ=-
& alkynyvl, or Cl-6 halcalkyi, or C3-¢ cyclealkyl, or C1-2
alkyi-C3=-6 cyoloalkyl;

Rz reprasents a hydrogen or a Cl=-3 alikyl group:

n iz O or 1:
o) is 1 ov 2,

in  the manufacture of a drug for the treatment of

psyvchiatric disorders and/or sleep discrders.
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Ancther object of the present invention ls a method of
treating psychiatric discrders and/or slesp disorders,
which compriges in administering to a mammal a
therapeutically sffective amount of the compound of general

formula{l}:

(L

wharein
X represents an oxygen or sulfur atom:
A reprasents a linear alkvl group of CZ-4 which may have

one or more hydrogens substituted by an  alkyl group
selected from methvi, ethyvl, propvl or izsopropyvli:
R1 reprazents a Cl-¢& alkyl group, or C2-¢ alkenvl, oy (2~
& alkynyl, or Cl-6 haloalkyl, or C3-% cvoloalkyl, or {1-Z
alkyl-C3-6 cycloalkyl:
RZ repreasante a hydrogen or a C1-3 alkyl group:;
R3 reprasents a hydrogen ¢r a halogean atom:
R4 represents a Cl-8 alkyl group,
n is ¢ or 1.

Another cbiect of the present inventiocn 1z a method of
treating psychilatric disorders and/or sleep disorders,

which comprises administering to a mammal a therapsutically

effective amount of the compound of gesneral formula (TI):
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@y&
/~(CHolp AT
Ry N

S

SN {CHgla-GHg

My

{11}
wherein
X represents an oxygen or sulfur atoms
A represants a linear alkyl group of C 2-~4 which may

have one or more hydrogens substituted by an alkyl group

selected from methvi, ethvl, propyvl or isopropyvi:

El reprasents a Cl=-6 alkyl group, or C2-¢6 alkenvl, or Cd-
N .(‘- ~

& alkynyl, or Cl=6 halcalkvi, or C3=% cyclealkyl, or Cl1-Z2

alkyi-C3~6 aoycloalkyl:

RZ reprezents a hvdrogen or a Cl-3 alkvl group:
n is O oor 1:

¥ iz 1 or 2.
Detailed Description of Figures
Figure 1. Calculation of pKa wvalues for benzimidazole {A}
and its derivative substituted with a methoxy group at the
Z-pogiticn of ring (B).
Figure Z. Example of the process for obtaining the compound
of general formula (I}, including compounds of formulae
{Ta)y and {Ib).
Figure 3, Example of the process for obtaining the compound
of  the gensral formula (T},  including compounds of
formilas {(IXla} and {Iib}.
Detalled Description of the Invention

The reduced melatonsergic activity of benzimidazole
analogs previously repoerted in the literaturs has been

improved in the comgounds of the present invention.
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This dmprovement could e explalned by the addition of
alectron withdrawing substituents at the Z-positicn of the
ring, which increaseg the population ¢f molecules in a non~
ionized form and nmimics the neutrality of the indeoles
present in the melatonin meolecule, a natural agonist of
melatonerglc receptors.

Affinity differences between indcelic and benzimidazole
derivatives could be ezplained by analyzing the stability
of the conjugsted acids of the benzimidazole system, i.e.,
by analvzing pEa values and the populstions of molecules
that are neuitral or protonated (positive charge) at pH=
This 1s pecause, 1in the case of melatonin, a melatonergic
agonist with high affinity for MTI and MTZ receptors, it
would be expected that 100% of the population of moleculas
in sclution would be in the neutral form since it 1s & non=-
icnizablemolecule at pH= 7. In addition, by analvzing the
ring structures of other potent agonistes of melatonergic

-

regeptoras MTLI and MTZ, such as Ramelteon, one can also

f!l

obgerve the majority of the neutral form in  these
structures. Thus, for benzimidazole dervivatives, lower pEa
values could better mimlce the observed neultrality for
maelatonin, and consequently have higher affinity for MTL
and MTZ2 receptors.

If an unsubstituted benzimidazeole derivative is
protonated (gensrating its conjugate acid), the entire
system delocalizes the electron density through the pi
orbitals in order to stabilize the positive charge in the
ring. In the <case of unsubstituted benzimidazcle, this
rasults Iin a pK¥se wvalue slightly above & {J. Org. Chewm.,

1861, 26 (8}, pp 2788-27821). In other words, a significant
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population of protonated gpecies with positive formal
charge exists at pH= 7. However, if the benzimidazole
derivative is substituted at the Z-position of the ring
with an electron withdrawing group, the substitutad
derivative would have an eslectron withdrawal caussd by
inductive effect in the ptenzimidazoels ring, thus causing a

greater destabilization of the protonated form zand a

greaster population of moleculsszs in the neutral form. This

}-h

=
Ll

‘”}

:tor would lower the pKa walus of the benzimidazole

derivatives substituted with an electron withdrawing group.
Indesad, calculation of the pKa wvalueses for the coniugated
acids of the benzimidazole ring and its derivative
substituted with a methoxy at the 2-position of the ring
demonstratad a lower pKa for the latter. The wvalues were
obtained using the programs Epik {(J. Comput. Aided Mol.
Das., 2010, 24, 591-5804} and Jaguar {Int. J. Quantum Chem.,
2013, 113 (18}, 2110=-2142}, as shown in Figure 1.

Bazead On this new and inventive premise of
substitution of the henzimidazole nucleus alt position 2 to
ohtain a more acidic molecule for the protonated species, a
surprising result of a greater affinity feor melatonergic
rageptors was achieved. A binding of 66% {in MT1) and 52%
{in MT2) was observed with the unsubstituted benzimidazole
gerivative (IAZ-118) and 100% {in MT1} and 88% {(in MT2)
with the Z-methoxy=-substituted bkenzimidazole dervivative
{TAZ-118} {both at the concentraticon of 1uM). The binding
improvement can be explained since, at neutral pH, there is
a larger population of IAZ-118 in the neutrazl form, as well

az melatonin.

The benzimidazole compounds of the present invention
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are represented by the general formula (I}

0,
b
AN,
NoC
B S,
“ X
/ X
FFTON N(CHy)CHy

{I}

wherein
X iz an oxygen or sulfur atom:
A represants a linear CZ-4 alkyl group which may have

ona or more of its hvdrogens substituted by an alkyl group
selected from methyl, ethvl, propyl or isopropyi;
Bl represents a C1-6 alkyvl group, <r CZ2-¢6 alkenyl, or Ci-

aikynyl, or Cl-6 halcalkyi, or C3-% cycloalkyl, <or Cl-Z

3

alkyl-U3-6 cycloalkyl:

RZ represents a hydrogen or a3 C1-3 alikyvl group:

B3 represents a hydrogen <or a halcgen atoms

R4 reprasents a Cl-% alkyl group,

n is 0 oor 1l

and by its particulsr realizatlon where the substitusnt -0~

B4 forms a third cycle through the substitution of a
vicinal hydrogen in the benzene ring, which is represented
by the general formula {(II}
Q
ﬁf”N
P(CHQI’;} n
o! [ R
N

ribed for the

&
K
o}
53
2]
£
1
3]
%!

wherein X, & 1, R 2 and ™n’
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compound of general formula (I} and e represents 1 or 2.
In order to clarify or slucidate the terms used in the
prasent invention and their SCOpe, MOTe detailed
definitions of the concepts pressented in this document are
shown.
In the present invention, unisssz otherwiss defined,
the terms alkyl, haleslkyl, cvclealkyvl, alkenvl and alkvnvl

include both branched and unbranched derivatives.

ry
>l‘

The term alkyl refers to a straight or branched chain
hvdrocarbon which is fully saturated. Won-limiting examples
of alkyls are: methyl, ethvi, propyl, butyl, pentyl, hemyl
and iscomers therveof,

The terms alkenyl and alkynvl corrvespond to straight
or pranched chain hydrocarbeonsg containing unsaturation,
alkenvls having at least one deouble bond and the alkvnyls
having at least cone triple bond. Non-limiting examples of
alkenvls and alkynyvls are: ethenvi, propenvl, butenvi,
rentenvl, hexenyl, ethynvl, propyvovi, butynvl, pentynvl,
hexynyl and isonsrs thereoi,

The term haleslkyl corvesponds e an alkvl group
containing at least one of its hvdrogens substituted by a
halogen selecgted from the group comprising flucrine,
chlorine, Dbromine and dlodine. Non~iimiting examples of

halecalkyls are: chiorcmethyl, chlercethyl, chiorcpropyl,

chlorcbutvl, bromomathvl, bromoethyl, SrCmMopropvl,
bromobutvl, flucrobutyl, fluorcethyl, fluoropropyl,
fluorcbutyl, trichloromethvl, trifluoromethyl,

tribromomethyvl, icdomaethyl, iodoethyvl, iodopronyvl and
igomars thereof

The term coyoloalkyl corresponds to fully sasturated
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o}

monocyelic hydrocarbons. Mon-ilimiting examples ar
cyclopreopyl, coyvelobutyl, cyvelopentyl and cyelchexyl.
-~

()J

The term alkyl-cycloalkyl corresponds to a O
cycloalkyl which is attached to a compound by an alkyl
group comprising at least one carkbon atom.

The halcegens preferably selected for use 1Iin  the
present invention correspond to flucrine, bromine, chlorine
and iodins.

ALl definitions of conpounds described herein, in
addition to possible wvariations in thelr chemical formms,
algo include their structural and phyvsical modifications,
including ypeossible ilsomers, thelr peolymerphic forms,
solvates and hydrates cor amcerphous Iform.

n specific cases where the conpound of the present
invention has asymmetric carbons, pure enantiomers, racemic
mixztures thereof and possible diastersomers are included
within the scope of the present invention.

In the event that the compound of the present
invention shows c¢lg-trans geometric isomerism or E-Z
itsomaerism, 1t iz understoced that tThesse independent ov

assocliated isomers are within the scope of this invention.

!

The preferrved, but not limited, examples of the
compound ¢of general formula (I} dnclude:
-~ N-{Z~{2-ethoxy-6-methoxyv-1H-benzimidazcl~-1-
vijethyljiacetamide;

t

—-{Z-{Z-athoxy-6-methoxyv-IH-benzimidazol-1-

;

- NefZ-{2~ethoxy-&-methoxy-I1H-benzimidazol~1

- N-i{Z2-{Z-ethoxy-&-methoxy-i1H-benzimidazol-1
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vijethyljcyoclopropane carboxamide;

-~ Ne{Z~{2~ethoxy~-¢-methoxy-~-IH-benzimidazol-1-
vijethyljcoyoclobutanecarboxamide;

= ~{Z~{Z-athoxy~§-methoxv~I1H~benzimidazol~1~
vijethylicyclopentane carboxamiders

t

—-{Z-{Z-athoxy-6-methoxy-IH-benzimidazol-1-

;

vijethylicyciochexane carboxamids;

- N-{3-{Z2-ethoxy-&-methoxy-~1H-bhenzimidazol-
vijpropvilacetamide;

- N~{3-¢2,6~dimethoxy~IH-benzinidazoci-i-
vijpropyi)acetamide;

- N-{Z-{Z2,6~dimethoxy~1H~benzimidazocli-~-1~
viljethyvlijacetamide;

o~ N-{Z-{2,6~dimethoxy~1H~benzinidazci~1~
vijethvi}propionamide;

- N-{2-{2,6-dimsthoxy-1H-benzimidazol-1-
vijethyvijbutyramide;

Ne{l-{Z2-Ethoxy~é-methoxy~iH-benzimidazol-1-yllpropan-

5

2-yillacetamids;
-~ 2=Bromo-N-{Z~{Z~ethoxy~f~methoxy~I1H-banzimidazol~1~

vitethyl})acetamids;

- N—~{Z~{6-mathoxy~2Z~{methyvithio})~iH-benzimidazoi~-I~

-~ ~{Z~{5~bromo-2~ethoxy-6-mathoxy~iH-benzimidazol~-i~

;

—-{Z-{S-chloro-Z-sthoxy-é-mathoxy-1H-benzimidazol-1~
vijethyliacstamider

'r

- N-{3-{5~chloro-Z-ethoxy-é-methoxy~IH-benzimidazol-1-
vijpropvilacetamide;

- N-i{3-{5-chloro-2,t-dimethoxy-iH-henzimidasol-1
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viipropyvllacetamide

ey

I~benzimidazol~-I-vi}

= N—{Z—-{5-chloro-Z,6-dimaethoxy-1 1
ethyl}acetamide;

- N~ ({Z~(5~chloro-Z~ethoxy~6~methoxy~1H~benzimidazocl~1~

vijethyl)cyclopropane carboxamiders

7

~{d~{7~chloro~Z-ethoxy-é-mathoxy-1H-benzimnidazol-1~

;

vijethyllacsetanide

The referred, Dbut not limited, examples of the

i=r

compeund of general formula (LI} include

- N~{Z2-{2~athoxy~7,8~dihvdro~IH-banzofurani{4,5~
diimidazol-I-yvi}lethyvi})acaetamide;
- N-{Z~-{Z-methoxy~7,8~dihydro-1H-benzofuran{d4,5~
diimidazol~i-vi}lethyi}acetamide.

¥

‘e compounds of general formulas (I} and (II} of the
present invention have Dbeen synthesized according to

3

Figures 2 and 3 shown in the present invention.

3

According to Figure 2, the starting compound (IT11},
obtained from & similar procedurs to that described by
Depreux  {Syvnthetic Jommunications 1834, Z4 (15}, 2123~
Z132), 1s agviated using anhydrides or carboxylic acids

halides for the introeduction of the RI substitusnt,

ragulting in the intermediate compound (VI). Then, the

compound (VI 1s reduced toe ithe intermediat {(¥IIy. The
intermediate (VI is cyelized usine tetraalkyl

orthocarbonates, such as tetramsthvlorthocarbonate and
tetrasthyl orthocarbonate, resulting in the compound of
formula {(Ia}, whersin the substituent R3I corrssponds to a
hvdrogen. The introducstion ¢f the halogen as substitusent R3
iz performed in a subsequent step, by reacting ithe compound

{Tay with an N-haloszuccinimide selected from the group
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comprising N-bromosuccinimide, HN-chlorosuccinimide and N-
iodesuccinimide, resulting in the compound of formula {(Ia)
wharein R3 is bromide, chiorine cor icdine.

Alternatively, the cyciization of intermediate {(VII)
with thicourea results in the formation of intermediate
(VITII}, which 1s alkylated using an alkylating agent forx
the formation of the ocompound of formula {(Ibh) where R3
corresponds to a hydrogen. Similarly, the introduction of
the halogen as substituent R2 is performed in a subseguent

gte

o

S

by reacting the compound {1 with an N

halcosuccinimide selected from the group comprising N-

bromosucceinimide, N-chlorosuccinimide and e

-

iodesuccinimide, resulting in the compound of formula (I
wherein R3 is bromide, chiorins or icdine.

Figure 3 describes the obtaimment of the compound of
general formula (II}. According to this diagram, the
intermediate (IX), opktained {from a similar procedure to
that described by Kolke et al. {Journal of Medicinal
Chemistry 2011, 54 ({12}, #4207-4218;, is c¢yvolized using
tetraslikvliorthocarbonates, such A
tetramethyvlorthocarbonate and tetraethyl orthocarbonate,
raegulting in the Intermediate (). This intermediate 15
deprotected to result in the intermediate {(¥XI}, which is
acylated using carbozyllce acid anhydrides or halides for
the introduction <f the R1 substituent, thereby obtaining
the compound of formuia {Ilaj.

Alternatively, oyclization <f intermediate {IX} with

thicgures results in the formation of intermediste {(XII},
which is alkyiated uszing an alkylating agent resulting in

the intermediate (¥ITI}). Then, the intermediate {XIIT} is
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deprotected and acylated with carboxyllice acid anhyvdrides orv
halides for the introduction of the Rl subsitituent, theraby
chtaining the compound of formula{Iib}.

It is noteworthy that compounds of formulas (Ia) and
{Ib} are integral part of the invention and are included in

the compeound of gsneral formula (I).

Similarliy, the compounds of formulase (IXa} and {IIb)
are an integral part of the invention and are included in

the compound of general formula (I1}.

Therefore, a further obiject of the present lnvention

teh A Nl
is the process o obtain the compound of general feormula
{1), comprising the following steps:

{a) reacting of a compound of formula {IIT)
Ha

] ;
Oy Sy N A
Y

‘/{/
NG —
E (L,
with a carboxvlic acid anhydride of formula {(IV)
g Q0

A

Be O Roan,

or with a carboxylic acid halide of formula(V)
O
P

X«; Rq (T\j}

¥

wherein Ri, R2Z and R4 arve as described for the compound of
genaeral fermula {1} and X1 corresponds to a halogen

selected from the group comprising chlorine and bromins, to

obtain a compound of formula {(VI)
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{b) reacting of the compound (VI obtained in step {a}
with a reducing agent to obtain the compound of formula
(VI

Ha

H ,
R{QW{QTjN~A~N~ﬁ~%

\,v»f/{) Y
MH, (VITY

¢} reacting of the compound (VII) obtained in step (b}

with a tetraalkvlorthocarbonate sgelectad from the group
comprising tetramethylorthocarbonate and tetrasthyl
orthocarbonate, to obtain the compound of formula({la}

Q§¢H1

AN
i Ro

i
L’w’f’"“w H{OH,}CHy

\

{Iair

wherein R3 represents z hydrogen atom and “n” represents

LZ2rC O ones

reacting of the compound of fermula {Ia) obtained in step
(o) with & halogenating agent selected from the group
comprising N-bromosucoinimide, W-chlorosuccinimide and N-
iedosuccinimide, to obtain the compound of formula {Ia),

wherein R3 represents a halogen sgelected from the group
comprising bromine, chlorine and iodine;

Therefore, a further obiect of the present invention
is the process to obiain the compound of gensra
formula(l}, comprising the following steps:

{z}) reacting of a compound of general formula (IIIL}
Ha
R‘;’Q\H’/Q’\
o

H P
N—A—NH
N N 02

(LI},
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with a carboxvlic acld anhydride of formula (IV}

o o
R(ﬂ\ﬁj&ﬁ

{d} F{IV),

or with a carbozylic acid halide of formula (V)

wherein R1, B2 and R4 are as described for ths compound of
formula (I} and X1 represents a halogen selectsd from the
group comprising chicorine and bromine, to obtain a compound

of formuls{VI}

Pt
s
P

(b)Y reacting of the compound {(VI} obtained In step
with & raeducing ageani to ochtain the compound of

formula{ViD}
Rdf@\(“\\\i/
\& \.NHQ (:1‘}"'}* ‘) :

of the compound (VII) obtained in step (k)

) reactin

P
i

W

with thicurea in order to obitain the compound (VIIL)

OY&
AN,

/ Rg
A, ,,Q\L,/b\\\ N
SH
Do
Ha

wherein R3 represents a hydrogen atom;

(VIII)

{f} reacting the compound (VIII) cbitainsed in step {e} with

an alkylating agent to obtain the compound of formula {(Ib}
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7N RO,

¢ (T},

wherein R3 represents & hydrogen atom and “n” corresponds
Lo 2ere or one;

{g} reacting the compound of formula (I} obtained in step
{fy with & halogenating agent elacted from the group
comprising N-bromosuccinimide, N-chleorosuccinimide and N-
iodosucceinimide, to obtain the compound of general formula
{Ib} wherein R3I represents a halogen selected from ths
group comprising bromine, chlorine and ilodine.

Anctheyr obiject of the present invention is the process
to obtain the compound of general formula {11} comprising
the following steps:

{a} reacting of a compound of formula{IX):

A,
;’hy(QHZP;:‘H ! 2 0

;

N B O e e S
~ Y

M, (TX)

with a tetraalkyvlorthocarbonate sgselected from the group
comprising tetramethylorthocarbonate and Cetrasthvl
orthocarbonate, to obtain a compeund of formula (X

o Y-
AN

r—0

7
T3
2
o
7
T
4
xz\

70,
Rt ! {CHs},~Chy

o

X}

wherein BEZ, *™n” and “p” are as described for the compound

of general formula (L1}
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{b) reacting the compeound of formula (¥} obtained in step

{a) with a deprotecting agent to obitain a compound of

Formula (XI::

N
fh~{QH2}p !.A - Rz

Ui
Y
AN M CHg 1)

$

(¢} reacting of the compound of formula (XI} obtained in
{b) with & carbogylic acid anhvydride of formula{IV):
i ,ﬁi
R{/ e Ry

{IV),

or with a carboxyviic acid halide of formula (V)
O

2N

AOH

to obhtain the compound of formula{lTal,

Q}«%

T GHa, A"’N

T

wherein Rl is as described for the compound of formula {I)

Ra

N (CHaly-Ct (11

and X1 represents a bromine or chiorine atom.

In an optlonal embodiment, the process of obtaining
the compound  of  genaral formuls {11} comprises the
following steps:

() rveacting of a compound of formula (IX}

R
N{CHJ)p # ; # O r

O@LN ANt Q#

NHp (1X)
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& >,/_
g
N

h" SHA eé&ﬂ AN

o ()\ji [ T

W;. S

N (KIT) s

o

&)  reacting the cowmpound of formula (XII} obtained in

Y

tep {4}

n

with an alkylating agent resulting in the compound

‘*WL

,w(CHQ)p A’”N
\w/I: (CHﬁnGHS{Y*T”‘

is as described for the ocompound of formula

of formula {(¥II1)

W yE

wherein
Vs

(£} reacting the compound  obtained in (&) with a

I

b

jeprotecting agent teo obtain a compound of formula ¥IV:

o

Gy AN
O\E/S‘\\\ N\

8 i

\):N MOHoh - Chig (XIv)

{g) reacting the comgpeound of formula (XIV: cobtained in {f)

with a carboxylic acld anhydride of formula {(IV}

,ﬂ\ﬂ\

@ Ry

e

¥

or with a carboxylic acid halide of formula{V}
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O

A

X Ry,

to obtain the compound of formula{lib):
O

N

~N
~{CHaly AN
[ AT Ny,

Once again, it 1z noteworthy that the compounds of
formilae {Ia} and  {Im are an integral part of the
invention and are included in the compound of general
formula (I). Similarly, the compounds of formulae {Ila) and
{IIb)} ars an integral part of the invention and are
included in the compound of formula (IT}.

‘he carboxyviic acid anhydrides used in the process of
obtaining the compound of formulas (I} or {II} comprise
commercially avallable compounds ¢r those synthasticalily
produced. Non-limiting examples of carboxviic acid
anhydrides which may be used in this invention include
acetia, propionic, bubtvrio, orcotonilo, vwvaleric anhydrides,
among others,

The carboxvliic acid halides emploved in the process of

ohtaining the compound of formula (I} or (11}, comprise

=

beth the commercially available and the synthetically
prepared compounds. Neon-limiting examples of carboxyviic

acid halides include the chicrides and bromides of acetic,

propancic, putanoic, valeric, cyclopropanecaripoxylic,
cyclobutanecarboxvliic, cyelopentanscarboxylic,
cyvelohexanecarbhozyvlic, aipha-bromeacetic, alpha-

2

chlorgacetic acidg, among others.
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Alkvliating agents are substances that transfer alkvi
groups between molecules. Therse are several alkvlating
agents available in the market, as well as a wvariasty of
reacticns used for this purposse. Non-limiting examples of
alkyvlating agents used 1in the process described in this
invention correspond te alkyl halides, such as methyl and
ethyl bromides or iodides.

Deprotection agents are ghemicals used Lo remove
protecting groups. Protecting groups, in turn, are chemical
groups used fto protect specific functions which, when
unmodifiad, are likely to react or undergo alteration with
reagents use for structural modifications directed to
other pesitions of the molecule. In the present invention a

<8

non-limiting example of degprotection agent capable of
removing tha tert-butoxvcecarbonyl protecting group from the
intermediates {(¥) and {¥III} corresponds to trifliucroacstic
acid.

In the present invention, a reducing agent has the
role of promoting the transformation of an aromatic nitre
group into an amino group. Several reagents may be used Lo
promote this reduction. Non~-limiting examples of typica
raducing agents of aromatic nitro groups include iron or
tin in  hydrechleoric acid medium, =zince, several metal
catalysts, among others

It 1is noteworthy that the present invention also
comprises isomers, tautomers, pure enantiomsrs, racemic
miztures and diastersomers o<¢f the compound of genesral
formulae (I} or ({(II}, as well as mixtures therecf at any
ratios.

Depending on the medium used for crystallization, the
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compound  of formulae {1 oy {11} may show different

aspects., Thus, the present invention also comprises th

®

ti

amorphous form, the solvatss, hyvdrates and polymorphs o
the compound of formulae {I} or {(Il}.
In order to exert its activity, the compound of

formulae {I} or {II} should be administersed to an animal,

mammal, particularly a human, prefervably as =]
pharmaceutical compesition, i.e., assoecliated 8
pharmaceutically acceptable wehicles which are acceptabls
Lo each route of administration.

The  pharmaceugtical compesitions of the  present
invention contain one or more compounds hersin proposed, as
active ingredient, associated with ONE or more
pharmaceutically acceptable vehicles. The active lngredient
is commoniy mixed, diluted or encapsulated with at least
ong vehicle. The final composition may be a capsule,
gsachet, paper or other way of containment. When the vehicle
ig a diluent, 1t may be 1in =zolid, semi-solid, or liguid
form, acting as & carrier, excipient or medium for the
active ingredient. Thus, the composition may be tablets,
pills, powders, sachels, suspenslions, emulsions, soluitlons,
aercsols {in sgolid or liguid medium), o<reams, hard or soft
capsules, suppositories, intections.

In the present invention, it is  considered a
pharmaceutically acceptable wvehicle any substance other
than the compound of general formulas (I} or (II}, which
has been intentionaliy added thereto to produce a
pharmaceutical desage form  suitasble to a route of
administration. Non-limiting examples of pharmaceutical

acceptable vehlcle (exzciplents) suitable for pharmaceutical



WO 2018/076090 44 PCT/BR2017/050320

compositions ave described 1in Handbook of Pharmaceutical

Manufacturing Formulations - Veol., I to 6 -~ 2004 - Sarfaraczs
K. Niazi -  CRCPress and FRemington's  Pharmaceutical

Sciences, Mack Publishing.
Non-limiting examples of zroutes of administration of

1

the composition compriszing the compound of general formulas

(1) o (I are oral, parenteral, nasal, racital,
transmucosal and tranzdermal roubtes, oral administration
bhaing particularly preferred,.

he therapeubtic dose to be used with respect to the
compounds of the present invention should be planned and
calculated according to route of administration chosen,
age, welght and condition of the patient and discorder
severity. Overall, the compounds of the present inventicn
are administered in therapeutically sffective doses ranging
from about 0.1 mg to about 2,000 mg per day. Zffective
dozes may  bhe extrapclated from dose-responsse curves
obtained from in vwitre or animal models. Typically, the
physician will administer the compound to a suitable dose
in order to achilsve the expected sffact.

The examples described in the experimental section are
intended to exemplify one of the several wavs of carrving
cut the invention, but without ilimiting the scope thersof.
Example 1
Ne {2~ {2~ethoxy~&-methoxy~1H~benzimidazoi-1~

vitethyl)acetanide
O

N A
G AT y —)\

g

{110}
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{A) N~{2~{{5-methoxy~Z-nitrophenyllamino}ethyl)acetamide

——

In a 500ml reactor eguilpped with reflux condenser,
magnetic stirring and heating, Bﬂ~(5~metncﬁw~z~
nitreophenvyl}ethane~l,Z~diamine {(&.0g, Z&.dmmeol} {Depreux EL
al., Synthetic Communicaticns 18%4, coli. 24 {15}, po. 2123~
23132}, ethancl {200mi) and acetic anhydrids {2.78ml,
29.2mmol) were added. The reaction medium was heated to a
temperature of 070 and kept under stirring for 1 hour to
complete the reaction. The ethanol was roto-evaporated o
dryness and the residue digscolved in cohlovoform (400mli}.
The chlorceform solution was washed with 15% aguecus sodium
carbonate soluticon {Z2x=200mly. The organic phase was
separated, dried with magnesium sulfate and roto-evaporatad
te yield the title compound as a vellow scolid which was

used directly in the next step. (m=b6.3g. Yield: 94.5%)

(B} N-{Z2-{{Z-amino~5S-methoxyphenvilaminolethvli)acetamids

In a 500ml reactor, Ne={2={ {S=methogy=2~
nitrophenvijamine)ethyllacetanids {3.0g, 131.8mmol} and

methanoel (300ml) were added. The mixgture was heated to a
temperature  of pprovimately 450 under  stirring o
dissolve the solid. Then the solubtion was cooled to roowm
temparature and zing powder (11.55g, 176mmel) and ammonium
Formata {5.61qg, 89, Jmmol) were added under vigorous
stirving. The mixture was kept under stirving for
approximately 1 hour and hen  gravity filtered. The
filtrate was roto-svaporated and the residus waz extracted
with dichloromethane {3x300ml). The combined corganics were
washed with 6M aguecus sodium hydroxide solution (2x500ml)
followed by saturasted sodium chloride solution (400ml). The

'

organic phase was separated, dried with magnesiuom sulfate
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and roteo-evaporated vielding oil, which was used directly
in the next step. {m=Z.4g. Yield: 81%;}
{C} N~ {2~{Z-ethoxy-t-methoxy~iH~benzinidazci~I~
vi)ethyvl)acetamide

I & 50 ml reactor containing HN-{Z-{{Z-amino-5-—
methoxyphenyl}amine}ethyl)acetamide {(500mg, 2.24mmol), were
added tetraethyl orthocarbonate (1.72g, 8. %6mmol) and
subgequently acetic scid {(0.013g, ¢.216mmol). The reaction
was heated to 807C and kept at this temperature for 30min.
Then the reaction medium was allowed to return Lo roow
temparature and aethyl gther {Z5ml} Wag added. The
pracipitataed scolid wag filtered, washed with ethyl ether
{25ml} and purified by MPLC {(CHCIZ:MeGH %9:1) resulting in a
white solid product. {(m=385mg. Yield: 62%}
‘H ONMR {300 MHz, CHLORCFORM-d} dppm 1.45 (&, J=7.08 Hz, 4
HY 1.%2 {s, 3 H) 3.58 (g, J=5.8% Hz, 3 H} 3.83 {s, 2 H}

4.06 - 4,15 (m, 3 H} 4.51 {g, J=7.048 Hz, 2 H} 5.77

Rl
-
by
Py
4
-
bt

§ 4
it
5y
5

Send
L
o

6.80 {(m, I H} 7.40 {d, J=8.57 Hz,

H} 6.72 (s, 1

OONMR (75 MHEz, CHLOROFORM-d) Spom 14.71 (=, 1 &) 23,10
(s, 1 C} 38.89 (g, 1 C} 41.23 (s, 1 C} 56.01 (s, 1 ) 66,12
fs, 1 &} 83.51 {=, 1 C} 105.24 (s, I ¢} 1i8.97 {s, I &3

{s, 1 C} 134.35 (s, 1 C} 155.55 {s, I C} 1356.78 {5,

N {Z={Z2=athozy=-b-methoxy~1H-penzimnidazcl~1~

vijethyl)propionanide
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O
O Nf‘-‘l\ ﬁ ’{_»—“'

P
SN >
s (1123

(AYN={d={ {Z=methoxy-2-nitrophenvl}amninc)ethyl)propionamide

In a 100ml reactor with magnetic stirring, Ni=-{5-

methoxy-2-nitrophenyl}ethane-1,7-diamine {lg,4.73mmel},

3

-

il oand trilethvliamine (G.67ml, 4.81mmol)

dichloromethans {5
ware added. The reactlon medium was kept under stipving and
a solution of propionyl chloride ({0.48mi, 4.30mmol) in
dichlicoromethana {10ml} was slowly added through an addition
funnal, The reaction medium was kept under stirring at room
temperature for 2 hours. After the completion of the
reaction, 20ml of 10% agqueous hydrochloric acid solution
{Z20ml} were added. The dichiorcomethans was separated and
the agusous phase extracted with dichloromethane {Zx20mi).
The organic phase was washed with 5% aguecus bilcearbonate

solution {(180ml) and saturated =sodium chloride solution

{(100m1). The ovganic extract was separated, dried with
anhydrous magnesium sulfate and roto-evaporated, vielding a

i.A_
H

vaellow solid product which was used directly in the next

step., {(m= 1,14g. Yield: 20%;

(BYN= (2= { {Z=anino~S-methoxyrhenyl}aminc)ethyl) propionamidse
Ne{Z={{b~maethoxry—-2Z-

nitrophenyl}amino}ethyl}proplonamide {(0.56g, Z.10mmol} and

methanol (50ml) were added to a 100ml reactor. The mixture

waz heated to a temperature of approximately 45°C under

stirring to dissolwve the solid., Then the solution was
conled  to  room  femperature and  zine  powdsr {2.048q,

31.2mmol) and ammonium formate {0, %%g, 15.7mwmol) were added
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under vigorous stirring. The mixture was kept under

stirrving for approximately 1 hou and then gravity
filterad. The filtrats Was roto~avaporated and

dichloromethane {(300ml} was added *to he resldue. The
mixzture was kept under stirring to extrast the product,
filtered, washed with ©O6M aqueous scdium hydrozide solution
{(22200ml), followed by saturated sodium chloride solution
{200ml). The organic phase was separated, dried with
magnesium suliate and roto-evaporated to dryness yvielding
oil, which was used dirvectly in the next synthetic step.
{m=0.453g. Yield: 90%)

{CYN= {2~ {Z=~athoxy~G~methozy~1H~benzimidazol~l~yliethyvl}

propionamide

n a 50mi reactor contalning Ne {Z~{{Z~anino=5~
mathoxyvrhenyliamine)ethyvl)proplonamide  {(45%0mg, 1. %Cmmcl},
tetrasthyl orthocarbonate {1.4%qg, 7.5 %mmel) and

subgequently acetic acid (0.01lg, $.18%mmol)were added. The
reaction was heated to B80°C and kept at this temperature
for 30min. Then the reaction medium was allowed fo return

to room bemperature and ethyl sther {25ml) was added. The

precipitated solid was filtered, washed with ethyvl ether
{Z25ml} and purified by MPLC {(CHCI3:MeCH 9:1) resulting in a

white solid product. {(m=30%mg. Yield: 56%}
H NME (300 MHz, CHLORCOFORM-J} éppm 1.18 ~ 1.3% (m., 4 H
1.4¢6 (£, J=7.10 Hz, Z H} 2.13 {(g, J=7.55 Hz, 1 H} 3.58 {g,

JmH 88 Hz, 1 H} 3.77 - 3.84 {m, Z H) 4.11 {t, J=5.76 Hz, 1

3

s

Ewample -
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N {2 {2wathoxy~&-methoxy-1H~penzimidazole1l~

vilethyl)butyramide

(&) N~ {Z~{{5-methoxy~Z-nitrophenyl)amino}ethyl)butyranide

In a 100ml reactor with magnetic stirring, Ni=-{5-
methoxy=2-nitrophenyl}ethane~1, Z~diamine {ig, 4.7 3mmol},
dichloromethane {50ml) and triethylamine {($.87ml, 4.580mmol)
waere added. The reactlon medium was kept under stirvving and
a sclution of butaneoyl chloride {0.4%mi, 4.73mwmol) in
dichloromethana {10ml) was slowly added through an addition
funnal, The reaction medium was kept under stirring at room
temperature for 2 hours. After the completion of the
reaction, 10% agquecus hydrochloric acid solution (10ml}) was
added., The dichloromethane was separated and the agqueous
phase extracted with dichlicromethane (2xZ20ml). The organic
phase was washed with 5% aguecsus bilcarbonate solution
{100ml) and saturated sodium chloride scolution (100ml). The
organic extract was separated, dried with anhydrous
magnesium sulfate and roto-evaporated, vielding a vellow
aolid product which was used directly in the next step. (=
1.17g. Yield: BE%}
(BN~ {Z~{ {Z-anmino~S-methoxypghenyl}aminc)ethyl}butyramnide

N {Z~{ {b-mathoxy~Z-nitrophenvilaminc)ethyl} butyramide
{(3.51g, 1.81lmmcl) and methanol (30ml}) were added to a 100mi
reactor. The mixture was heated to a temperature of
approximately 457C under stirring to dissolve the solid.

Then the solution was cooled to room temperature and
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powderaed zZing (1.76qg, 26, Bamol) and  ammonium  formate
{0,886y, 13.ommol} were added under vigorcus stirring. The
mixture was keplt under stirring for approximately 1 houx
and then gravity filtered. The filtrate was roto-
evaporated, the residus exiracted with dichlicoromethane
{300ml), washad with ©oM aguecus sodium hydroxide solution
{(22200ml), followed Dby szaturated agueous soedium chloride
solution (300mi). The organic phase was separated, dried
with magnesium  suliste and roto-evaporated to dryness
vielding oil, which was used directly in the next step of
aynthesis. {(m=0.40g. Yield: B7.8%)

{Ch N (2~ {Z=athoxy~&~methoxy~iH~benzimidazol~i-yl)ethyl)

n a 50mi reactor contalning Ne {Z~{{Z~anino=5~
mathoxvrhenyliaminelethylibutvramide {40 0mg, 1.5%mmol)
tetrasthyl orthocarbonate {1.22¢, 6. 3fmmol} and
subgequently acetic acid {0.010 g, 0.159%mmol) were added.
The reaction was heated to 80°C and kept at this

temperature for 30min., Then the reaction medium was allowsed

A

to return to room btemperature and ethyvl ether {(20ml} was

-
jo N

added. The precipitated soli was filtered, washed with
ethvl ether (20ml) and purified by MPLC (CHCL3:MeCH S:1)
resulting in a white solid product. {m= 258mg. Yield: 53%)

PHONMR (500 MMz, CHLOROFORM-d) dpom 0.81 (&, J=7.383

y
(53]
by
[

~

a3

HY 1.46 {t, J=Y.08 Hz, 3 H} 1.57 - 1.67 {(m, 3 H) 2.058 -~

HY 6.72 (s, 1 H} 6.7§ - £.7% {m, 1 H} 7.26 (s, 1 H) 7.40
(d, J=8.61 Hz, 1 H}

Ewample 4
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N {2 {2wathoxy~&-methoxy-1H~penzimidazole1l~

viltethyl)cyclopropans carboxamids
O

N\
pee®

(A N-(Z-{{5-methoxy=-2Z~

o
N
i

s

nitrophenylijamine)ethyl)ovolopropanecarboxanids

In a 100ml reactor with magneitic stirring, Ni- (b=
mathoxy-2d-nitrophenyl}) ethane-1,2-diamine {lg, 4.73mmol},
dichloromethane {530ml} and triethviamine (§.67ml, 4.80mmol)
ware added. The reaction medium was kept under stirring and
a solution of cyclopropanecarbeonyi chloride {{}.43m1,
4,7 3mmol) in dichloromethans (10ml} was sliowly addsd
through an addition funnel. The reaction medium was kept
under stirring at room temperature for Z hours. After the
completion of the reaction, 10% aqueocus hydrochleoric acid
solution {3i0ml) WAaSs added. The dichloromethane was
zeparated and the aguaous phase extracted with
dichloromethane (2xZ20ml}. The organic phase was washed with
5%  aguecus blcarbonate solultlon {1G0ml) and  saturated

dium chloride sclution {100ml). The ocorganilc ezxtract was

separated, dried with anhvdrous magnesium sulfate and roto-
evaporated, vielding a vellow solid product which was used
directly in the next step. {m=1.17g. Yield: BB.,5%}
(B} N-{2~{{Z2~aminc~>-methoxyphenvllaninciethvl}cvclopropans
carpoxamids

In & 200ml reactor, N {2={ {b=methoxy—2<-

nitrophenvl)aminciethyllovyeciopropans carboxamids (0,75

b

2.83mmol) and methancl {70ml) were added. The nmixture was
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heated to a temperaturs of approximately 45°C  undery
stirrving te dissclve the solid. Then the scolution was

cooled toe room temperature and powdered =zince {2.78

o]

¥
42.5mmal) and ammonium formate {(1.34, 22.3mmol) were added

under vigorous stirring. The mixturs was kept under

stirring for approximately 1 hou and then gravity
filtered. The filtrate was roto=-avaporated and

gichloromethane (300ml) was added to the residue. The
mizxture was kept under stirring to ezxitracht the product,
filtered, washed with &M aquecus sodium hvdroxide solution
{(Z2x150ml), followed by saturated sodium chloride solution
{1520ml}). The organic phase was separated, drisd with
magnesium sulfate and roto-avaporated to dryness yvielding
¢il, which was used directly in the nexit step of synthesis.
{(m=0.64qg. Yield: 90.8%)
(¢ N {2~ {Z-athoxy~b~nethoxy~iH~benzimidazei~i~yljethyl)
cyclopropane carboxamide

In ) 50mi reactor contalning N= {Z={{2=anino~5=
methoxyphenyliaminelethyl}oyciopropans carbozamide ({(500mg,
2.001mmol), tetraethyl orthecarbonate {1.54g, 8.0Llmmol) and
subsegquently acebic acid (0.012g, ¢.201mmoljwerse added. The
reaction was heated toe 80°C and kept at this temgerature
for 3I0min. Then the rveacticon medium was allowed to return
to room temperature and ethyl ether {(25ml) was added. The
pracipitataed solid was filtered, washed with sthyl ether
{25ml} and purified by MPLC {CHCIZ:MeOH 2:1) resulting in a
white solid product. {(m=350mg. Yield: 57.5%}
‘H NME {500 MHz, CHLOROFORM-dA} Sppm (.87 - 0.77 (m, 2 H

.80 - 1.03 {(m, 2 H} 1.18 - 1.34 {(m, I H} 1.45 {t, J=7,10

Hz, 3 H} 3.61 {g, J=5.3%5 Hz, Z B} 3.83 {g, 3 H} 4.10 {t,
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J=5.85 Hz, 2 H} 4.51 {g. J=7.02 Hz, 2 H} 5.%6 {(br s, 1 H

6.71 {d, J=2.29 Hz, 1 H} €.78 {(dd, J=8.70, Z2.44 Hz, 1 H)}

N {2~ {2~ethoxy~&~mathoxy~1H~benzimidazoi~1~yl}athyl)

cyveclobutanecarboxzamide

{AY HN-{Z-~{{5-methoxy-2~
nitrophenyl}aminc)ethyl)cyclcbutanscarboxamide

In a 100ml reactor with magnetic stirring, Ni=-{b-
methoxy~Z-nitrophenyl}ethane~1,Z~diamine e 4.7 3mmol},
dichlioromethane {50ml} and triethviamine (J.67Tml, 4.80mmol}
were added. The reaction medium was kKept under stirring and
a  solution of oyclobutanscarbonyl chioride (0. 2dml,
4,73 mmol) in  dichloromethans {10m1) wags slowly added
through an addition funnel. The reaction medium was keptl
under stirring at reoom temperature for 2 hours. After the
completion of the reaction, 10% aguesus hydrochloric acid
aolution {I10ml) was  added. The dichloromethans was
separated and the agueous has was extracted with
dichloromethane (2xZ0ml}. The crganic phase was washed with
5%  aguscus bpicarbonates seoluticon {180ml}) and saturated
sodium chloride soliution {100ml). The organic extract was
saparated, dried with anhydrous magnesium sulfaite and roto-

evaporated, yvielding a vellow zolid product which was used
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directly in the next step. {(m=1.25 g. Yield: 250%)
{(BYN~{Z2~{{Z~aminn~5~

methezyphenyllamino}ethyl}eyvciobutanecarboxamide

In a 200ml reactor N {Z={ {S~maethoxry=-2=~
nitrophenyl)amine}ethyl)cyclicbutanscarboxamide (G.78%g,

2.868mmol) and methansol {60ml) were added. The mixture was
heated to a temperature of approzimately 45°C  under
stirring to dissolve the solid., Then the sclution was
cooled to room temperature and 2.80g of powdered zinc
(2,600, 32.8mmol) and 1.26g of ammonium formate (1.28g,
20.0mmol) were added under vigerous stirring. The mixiture
was kept under stirring for approximately 1 hour and then
gravity filtered. The filtrate was roto-evaporated and
dichloromethane {300ml} was added to the residue. The
mixture was Kkept under stirvring to extract the gproduct,
filtered, washed with &M aguecus sodium hydroxide solution

{(2x150ml}, followed by saturated scodium chloride solution

{150ml). The organic phase was separated, dried with
magnesium sulfate and roto-evaporated to dryness yielding

oil, which was used directly in the nexit step of svnthesis.
(m=0.6dg. Yield: 80.8%)
{(CYN=~{Z~{Z~ethoxy~&~methoxy~iH~benzimidazol~1~
vijethyl)eyclebutanecarboxamide

In & S8mi raactor containing N-{2~{{2~aminc-5~
methoxyphenvliiaminolethyvl)ocyciobutanecarboxamide {600myg,
2.28mmel}, tetrasthyl orthosarbonate {1.75g, 8.lilmmoel} and
subseguently acetic acid {(0.01l4g, §.23mmol} were added. The
reaction was heated teo &0°C and kept at this temperature
for 30min. Then the reaction medium was allowed to rebturn

Lo room temperature and sethyl ether {(30ml) was added. The
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precipitataed scolid was filtered, washed with ethyl ether
{30l and purified by MPLC (CHCIZ:MeGH %9:1) resulting in a
white solid product. {(m=302mg. Yield: 50%}

‘H O ONMR {500 MHz, CHLORCFORM-d) Sppm 1.47 {t, J=7.10 Hz, 3
HY 1.77 - 1,87 {m, 2 H}y 2.04 - 2.3} {m, 2 H}) Z2.17 - 2.25
fm, 2 H} 2.85 - 2.8%2 {m, 1 H} 2.60 (g, J=5.95 Hz, 2 H} 3.8%
{s, 3 H} 4.11 (¢, J=5.80 Hz, 2 H} 4.535% (g, J=7.17 Hz, Z H}
5.54 {br s, 1 H}Y 6.71 {(d, J=2.28 Hz, 1 H} 6.78 (dd, J=8.70,
Z.44 He, 1 H} 7.41 {d, J=8.70 Hz, 1 H)

Example ¢

N {2~ {Z-athoxy-b~methoxy~1H~-baenzimidazol-~1-

vijtethyl)ceyvelopentane carboxamids

(A N-({Z-{{S-methoxy-2Z-

nitrophenyliamine)ethyl)cyclopentane carbozamide

Nl=-{S-methoxy=-2-nitrophenyl}ethane~1, Z~diamine {ig,
4.7 3mmol), dichloromethanse {50mi) and tristhylamine

{(0.67Tml, 4.80mmol) were added to a 100mlreacter with
magnetic stirring. The reaction medium was kept under
stirring and a soluticon of cyvoclopentanecarbonyl chloride
{(3.585ml, 4.73mmol) in dichloromethane {(10ml) was slowly
added through an addition funnel. The reaction medium was
kept under stirring at room temperature for 2 hours. Afterx
the complistion of the reaction, 10% agusous hydrochloric
acid soluticn (10ml) was added. The dichloromethans was

zeparated and the agusous phase extracted wWith
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dichloromethane {Z2xZ0ml. The organic phase was washed with
5%  agueous bilcarbonate sclution {100ml) and saturataed
gsodiuwn chloride sciution {100ml). The corganic extract was
separated, dried with anhvdrous magnesium sulfate and roto-
evapcrated, yielding a yellow solid product which was used
directly in the next step. {(m=1.2g. Yield: 83%)
(B} N={Z-{{Z2—=amino=-S-methoxyphenvilaminojethyi}
cyelopentane carboxamlide

In a 50ml rescgtor N-{2-{{b-methoxy-Z-nitrophenyl)
aminolethvlicovelopentane  carpoxamide (0. 100g,  0.325mmol)
and methancl (20ml) were added. The mixture was heated to a
temperature of approximately 45°C under stirring o
disgsolve the solid. Then the solution was cooled to room
temperature and zinc powdey {0.317g, 4.85mmol} and ammonium
formate {(0.3153g, Z.43mmeol) were added under vigorous
stirring. The mixture was kept under stirring fox
approximately 1  heour and hen gravity filtered. The
filtrate was roto-svaporated and dichloromethane {1060ml)
was added to the residuse., The mixture was kept under
stirring to exirvact the product, filltersad, washed with &M
agquecus  sodium hyvdroxide solution {Zx50ml), followsd by
gaturated sodium chleoride soluticon (50ml). The organic
phase was separated, dried with magnesium sulfate and roto-
avaporated to dryness vielding oil, which was used divectly
in the next step of synthesis. (m=0.082g. Yisld: 50.8%)
{(CIN={Z2={Z2-athoxy-&-methoxy-lH-benzimidazol~-1-
vijethyl)cyclopentane carboxamide

In a 10ml reactor containing Ne={2={{2=aminc=5-
maethoxyphenyl)amino}ethyvl)oyvclopentane carboxamide (82myg,

0.296mmol}, tetraethyl orthocarbonate {(0.227g, L.1i8mmol)
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and subseguently acetic acid ($.0018g, 0.030mmol} were
added. The reaction was heated to 80°C and kept at this

temperature for 30min. Then the reaction medium was allowed

3]

to return To room temperature and ethyl ether (Sml) was
added. The precipitated solid was filtered, washed with
ethyl ether {Sml} and purified by MPLT (CHC1l3:MeCH 9:1}
resulting in 3 white solid product. {(m=4%mg. Yield: 50%).

H NME (500 MHz, CHLOROFORM-J} dppm 1,41 - 1.&0 {(m, & H}
.63 - 1,83 (m, 8 H} Z2.35 - 2.44 ¢m, 1 H} 3.860 {g, J=5,85

Hz, 2 H}Y 3.82 (s, 3 H}) 4,10 (&, J=5.80 Hz, £ H}) 4.54 V{g,
H

J=F017 Hz, 2 H) 5.82 {(br s, I H} .71 {(d, J=2.29 Hz, 1
5.77 {dd, J=8.54, 2.44 Hz, 1 H} 7.40 {d, J=8.70 Hz, I H)}
Example 7

Ne{Z2={2~athoxy~&-methoxy~1H~benzimidazoi-1~

vilethvl)cyclohexane carboxamide

2
i
H?J’”}w
/C}\ 2 M et
DR
/’“NN >
¢ (129

{A) N-{Z2~{{5-methozxy~Z-nitrophenvilanineethylloyeloheranse

carboxamids

Ni-{S-methoxy~2~-nitrophenyl)ethane~1,~dianine {1g,
4.7 3mmel), dichloromethane {(50ml) and triethylamine

{(0.07ml, 4.80mmol) werse added to a 100mlreacteor with
magnetic stirring. The reaction medium was kept undex
stirring and a solution of {.64ml ¢f cyclchexanecarbonyl
chioride {0.64ml, 4.73mmol) in dichloromethane {10mi) was
slowly added through an additien funnsil., The reaction

maedium was kept under stirring at room htemperature for 2
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hours. After the completion of the reactlon, 10% agusous
hydrochloric acid solution {10ml} WA acdded., The
dichleromethane was separated and the agueous phase
extracted with dichloromethans {(2xZ0mi). The organic phase
was washed with 5% agueous bicarbonate sclution {100ml) and
saturated sodium chloride seolution {(100ml}. The organic
extract was separated, dried with anhydrous magnesium
sulfate and roto-evaporated, vielding a vyellow solid

product which was used directly in the next step. {m= 1.3g.

Yiald: BE%)
{B) N-{Z-{{Z-amino~S-mathoxvphenvilamino)ethvijcyclohaxane

carboxamide

In a 50ml reactor, 0.100g of N~{Z~{{5-methoxy-Z~
nitrophenyliiaminclethyl)cyclchexans carboxamide (G.100g,
0.311lmmel} and methanol {(Z0ml) were added. The mixture was
heated to a temperaturse of approzimately 45°C  under
gtirring to dissolve the solid. Then the azclution was
cooled to room temperature and powdered zince (G.030g,

~

4. 65mmel)  and  ammonium  formate (0.147g, 2.33mmol) were

added under vigorous sitirring. The mixture was kept under
gstirving for approximately 1 hour and then gravity
filtered. The filtrate Wa g roto-avaporated and

dichloromethane {100ml} was added to tha residue. The
mixture was kept under stirring to extract thes gproduct,
filtered, washed with &M aguecus sodium hydroxide solution
{(2x50ml}, followed by saturated szscdium chicoride solution
{(50ml}. The organic phase was separated, dried with
magnesium sulfate and roto-evaporated To dryness vyielding
oil, which was enmployed directliy in the next step of

gsynthesis, {(m=0.082 g. Yield: 8U%;
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{CYN= {2~ {Z=ethoxy~G~methorny~iH~benzimidazol~1~
viltethyl)cycichexane carboxamide

noa 10mi  reactor containing N-{2-{{Z-amino~5~
methoxyphenyliaminolethylicycichexane carboxamide (8Zmg,
0.281mmol}, tetraethyl orthocarbonate {{(.21g, 0.13%3mmol}
and subseguently acetic acid {($.0017g, 0.028mmel} were
added. The reaction waz heated to 80%C and kept at this
temperature for 30min., Then the reaction medium was allowsed

to return ©o room temperature and sethyl ether (dmi) was

-~

addaed., The precipitated solid was filtered, washed with
ethvl ether {(Sml: and purified by MPLC {(CHCIZ:MeCH 2:1)

resulting in a white solid product. {(m=53.4mg. Yield: 55%)

HONMR (500 MHz, CHLOROFORM-d) Sppm 1.28 - 1.48 (m, 5 H)
1.57 -~ 1.68 (m, 4 H} 1.89 - 1.79 (m, 4 H) 1.97 (tt,

(d, J=2.2% Hz, 1 H} &.77 {(dd, J=8,70, 2.44 Hz, 1 H} 7.41
{d, J=8.70 Hz, 1 H}

Ewample 8

N { 3= {Z2=—athoxy-&~methoxy-1H-benzimldazol~1-vllpropyvli)

acetamide

GE;”
fw.

f,_...-

/‘O\Ti/' i".;;. e N>“
0
SN

{(A)  N={3~={{E-methoxy~Z-nitrophenvyiamino}propyvliacetamide
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In a 100ml reactor,3-chloro~d4-nitreoaniscle {7.00qg,
37.3mmel), 1, 3-propyviene diamine (37ml, 43%mmol} and cupric
bromide {3.5qg, 5. 7mmcl) were added. The reacticon medium
was kept under stirring and heating at 80-85°C for 4 hours.
After cocling, the reaction medium was diluted with water

{140ml) and  extracted with chioroform {(3x220mi). The
organic phases were cumbined and washed with water (300ml}.
The chloroform was dried over magnesium sulfate and roto-
evaporated to dryness vielding oll, which was dissolved ir

athanol 300miy . To this  solution was  added acetic
anhyvdride (4.2ml, 44.1lmmol), the reaction medium was heated
to 60°C and kept under stirring for 1 hour. Then the
athanol was roto-evaporated to dryness and the resulting
oil dissoived in ethyl acetats. This soluticon was washs

with 15% agusous sodium carbonate solution, the acetate
phase separated, dried with anhydrous magnesium sulfate and
roto=avaporated to yield a vyellow o1l product which was

uzed directliy in the next step. (m= 8.2g. Yield: 82%)

(BIN=- {3~ { {Z~amino~S-methoxyphenylianinclpropyvliacetamnids
In & 200ml raactor, N { 3= { {D~-methoxy—2-

nitrophenyvl)aminolpropylilacetanide {1.0g., 3.7 Ammol) and
mathanol {50mi) were added. The mizxture was kept undar
vigorcous stirring and powdered zinc {(3.653g, 55.8mmol) and
ammeniwn formate (1.77g, 2Z8.lmmol) were added. The mixturs
was kept under stirring for apgroximately 1 hour and then
gravity filtered. The filtrate was roto-svaporated and
dichloromethans ({300ml) was added to ths residue. The
mixture was KkRept under stirring to extract ths product,
filtered, dichloromethane was washed wiith &M zguecus sodium

hydrowide solution {(Zz1530ml), followed by saturated sodium
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chloride seolution {1530mil). The organic phase was separated,
dried with magnesium sulfate and roto~evapcrated to dryness
vielding oil, which was used directly in the next step of
synthesis. {(m=0.87¢g.Yield: 98%)

(C} N~ {3~ {Z~ethoxy-G6-methoxy~1lH~benzimidazol~1~yl}propyl)

acetamids
In =) 50mi reactor contalning N= {3={ {Z2=anino~5=
methoxyphenyliaminelpropyilacetamide {500mg, 2. 10mmel ),

tetrasthyl orthocarbdonate {(1.62g, 8.4mmol; and subsequently

acetic acid {(0.013g, C.210mmoel) were added. The reaction

vt

was heated to 80°C and kepit at this temperature for 30min.
Then the reactlion medium was allowed to return Lo room
temperature and ethyl ether {Z25ml} waz added. The
pracipitated solid was filtered and washed with ethyl ether
{25ml}. The product was purified by MPLT {(CHC13:MeOH 9:1)

-

resulting in 3 white solld product. {(m=356mg. Yield: 58%)

i
N

‘H ONMR {300 MHz, CHLORCFORM-d} dppm 1.4 {t, J=7.12 Hz, 3
HY 1,83 - 2.0% (m, 5 H} 3.25 {g, J=6.68 Hz, 2 H} 3.75
4.08 {m, & H}) 4.58% {g, =708 Hz, 2 H} 5.5% {(br 5. 1 H}

8 (i, J=Z.26 Hz, 1 H} 6.78 {(dd, J=8.64, 2.44 Hz, 1 H)

o
oy

-

7.42 {d, I=8.64 Hz, I H};

i3

O ONMR {75 MHz, CHLOROFORM-d) Sppm 14.78 (=, 1 C} 23.28

oy

{z, 1 &) 28.5¢6 {5, 1 C} 36.8¢ (s, 1 C} 38.50
{s, 1 C} 68.21 {5, 1 )} 83.50 (=, 1 C} 1
8.11 (s, I C} 133.8¢ (=, 1 C} 134.2Z2 (=, 1 C} 135.37 {s,
I ¢y 156,74 (5, 1 C} 170,15 (s, 1 C}.

Exampls 9

N {3= {2, 6~dimethoxy-1lH-penzimidazol~-1-vi}) propyvl} acetamide
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n a 50mi reactor containing M- {3—{{Z2—amino~-5H~
maethoxyrhenyliamine)propyl) cetamide (Example & {81

-

{(400mg, 1.6%mmol}, tetramethylorthocarbonate {92g, &.74mmol)

and subseguently acetic acid (¢.018g, 0.1e%mmol) were

3

added. The reaction waz heated to 80%C and kept at this
temperature for 30min., Then the reaction medium was allowsed
Lo return to roon tempsrature and ethyl ether {(2&Zml) was
addaed., The precipitated solid was filtered, washed with
ethvl ether (25ml) and purified by MPLC (CHCL3:MeCH %:1)

resulting in a white solid product. {(m= 27img. Yield: 58%)

CHONMR (300 MHz, CHLOROFORM-J) dppm 1.82 -~ 2.08 {(m. 5 H)
3.26 {g, J=6.72 Hz, 2 H} 3.75 - 3.86 {(m, 3 H} 3.83 - 4.20

Fet

{m, & H} 5,57 i{br s., 1 H} #&.868 ¢d, J=2.32 Hz, H} £.78
{cddd, F=8,68, 2.44 Hz, 1 H) 7.43 {d, J=8.62 Hz, 1 H};
O NMR (75 MHz, (CHLOROFORM-d) Sppm 23.26 (=, 1 ) Z8.&7

{s, 1 C} 37.00 (s, 1 C} H98.86& (s, 1 €} 56.03 (s, L C} 57.1

F
I 0.
Example 10
N-{2-{2, 6~dimethony~1H~benzimidazol~-1l~yl)ethvlijacetanide
¥
i
HN"J\
r-v““j
i
PRt Ry N
T
£ ‘N \
(118)
In a 50md reacto containing N—-{(2—-{{(Z—amino~-5—

mathoxyvphenyvl amino)ethyl)acetamide {(Example 1 {8))
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{550myg, 2. 40mmoll, tetramethviliorthocarbonate, {1.34qg,

g, 85mmol) and subseguently acetic acid {(0.015g, 0.250mmol)
were added. The reaction was heated to 80°C and kept at
this temperature for 30min. Then the reaction medium was
allowed to return to room temperature and ethyl ether
{2iml} was added. The precipitated sclid was filtered,
washed with ethyl ether {(Z5ml} and purified by MPLC
({CHCIZ:MeOH  9:1)  resulting in a white solid product.
{m=34dmg.Yield: 53%;

YHONME {300 MHz, CHLOROFORM-d}) dSpom 1.82 {8, 3 K} 3.57 {g.,
J=5,82 Bz, 2 H} 3.823 (s, 3 H} 4.06 - 4,13 {m, 5 H} 5.83 (br
g, I H}y £.72 {d, J=2.68 Hz, 1 H} .75 - 6.81 {m, 1 K} 7.40
{(d, J=8,62 Hz, 1 H};

Sppm 23.13 {s, 1 C} 3£.8%6

3
[n
t_‘%
2
-
by
2
£
i
£
Fapr

i3 - R
O NMR {75 MHz,

{s, 1 C} 41.24 (s, 1 C} 55.98 {5, 1 C} &7.02 {s, 1 C} #3.45%

e,
653
o
|3
O
Thew
ft
£
NG
fa
N
B
[45]
&
bt
¥
v
foncd
bt
(o]
frucd
L3
e,
U
\
frok
3
.
Y
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fa
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B,
i
Uy
™
fod
3
-

134.56 (s, 1 C} I55.61 (s, 1 C} 157.24 (s, I C} 170.69 (s,

Ewample 11

W (2~ {2, G~dimathoxy~1H~benzinidazol~1~yvitethyliproplionamide

9
FARE

e

(1

{a}

g}

hate ™

In & S50mi raactor containing N-{2~{{2~aninc-5~
methoxyphenvllaminolethvl)propionamide {(Example 2 (8}
{200mg, C.84mmol), tetramethyviorthocarbonate (. 4507,

3. 37mmol) and subseguently acetic acid (9.010g, 0.1¢%mmol)
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were added. The reaction was heated to 80°C and kept at
this tenmperature for 30min. Then the reaction medium was
allowed To return to room temperature and ethyl ether
{10ml} was added. The precipitated clid was filitered,
yashed  with ethyl ether {10ml} and purified by MPLC
{CHCL3:MaOHR 9:1} resulting in a white solid product. {ms

1Z2%mg. Yield: 55%;

Ty P gy FLY ] N * T T T T3 “
TH ONMR {500 MHz, CHLORQFORM-J} Sppm .10 (&, J=7.83 Hz, 3
HY 2,13 (g, J=7.63 Bz, 2 H} 3.58 {g., J=5.,85 Hz, Z H} 2.6F%

3.88 {(m, 3 H) 3.87 - 4.17 {m, 5 H) 5.66 {(br s, 1 H} 6.71

{d, J=2.44 Hz, I H} 6.78 {dd, J=8.54, 2.44 Hz, 1 H} 7.42

Example 12
N- {2, 6~dimethoxy~1H~benzimidazol-i~v1llethylibutyramide

/’O\. f";.\;: e N
PRa
- i \
{139
In a 10miL reactor containing N~ {2=-{{Z2~aming~5-
mathoxvphenvliaminolethylbutvramide {(Example 3 {B})
{100my, 0.3%8mmol} , tetramethylorthocarbonate (§,.217g,

1.5%mmol) and subsequently acetic acld {($.024g, ¢.03%8mmol)
were added. The reaction was heated to 80°C and kept at
this temperature for 30min. Then the reaction medium was
allowed to return to room temperature and ethyl sther {5mi)
waz added. The precipitated solid was filtered, washed with
ethyl ether {(5ml} and purified by MPLC ({CHCLZ:MeOH 9:1)

resulting in & white scoliid product. (m=55.tmg. Yield: 48%)
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HONMR (500 MHz, CHLOROFORM-d} Sppm 0,81 (&, J=7.40 Hz, 3

HY 1,68 -~ 1.7 {m, 2 H} 2.08 {t, J=7.5% Hz, 2 H} 3.44

4
3.64 {m, 2 Hy 3.7l - 3.88 {(m, 3 H} 4.04 -~ 4.17 {m, & H}

5.65 {(br s, 1 H} .72 {(d, J=2.44 Hz, 1 H} 6.78 f{dd, J=8.70,
Z.44 Hez, 1 H} 7.42 {d, J=8.70 Hz, 1 H}

Examplie 13
N={i={2=-Ethoxy=-¢-methozy=iH~-benzimidazoli~1-vlipropan-2-

viiacetamide

(A} N~ {S-methoxy-Z-nitrophenvl}propane~1,~diamine

n a 10ml reactor with magnetic stirving,3-chlcoro-4-
Nitreoanisole {0.5g, 2.&87mmol), 1,Z-propanediamine {3ml,
b 3 g

35.2mmel) and cupric bromide {(0.250g, 1.1Zmmollwere added.

The reaction medium was kept under stirring and heating at

%

0-65°C for 1 hour. After cooling, the resction medium was
diluted with water and  extracted three times with

chloroform. The organic phases were combined and washed

with water. The chloroform was dried over magnesium sulfate
and oto~avaporated Lo dryness resulting in a vellow

colored scolld which was used directly in the next step.
{m=0.60 g. Yield: 100%)
(B} N~ {1~ {{5~methory~Z-nitrophenyl}amino}propan~2-~

vi)acetamide

i a 50mi reactor Ni={5=methoxy~Z-nitrophenyl)
propane-1i,Z-diamine {(0.60g, Z.&7Tmmol), ethancl {(40ml}) and

acetic nhydride {3.254m1, 2, &Tmmol) were added. The
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O o

reaction medium was heated to &0 and kept undery stirrving
for 1 heur. Then the ethancl was evapocrated to dryness and
the resulting oil dissoclvaed in ethyl acetate and washed
with 15% scodium carbonate solution. The organic phase was
separated, dried with magnesium sulfate and roto-evaporated
resulting in a yelliow solid product, which was employed
dirvectliyv in the next step. {m= 0.5bg. Yield: 77%;
(2} N-{l-{{Z-amino~-5-methoxyphenviamino)propan-2-
vilacetamide

In a 100ml reactorn, Ne={1={ {S-~methogy~2~
nitrophenyl}amino}preopan~2Z2-yliacetamide (0.35353g, 2.06mmol)
and methancl (35ml} were added. The svatem was kept under
stirring with heating between 40 and 50°C until complete
dissclution of the solid. Then the reacticn medium was
coclad to room tenperature  and powdered zince  {(Z2.0g,
3¢, 6mmol) and ammonium formate {(0.%7g, 15.4mmol) were added
under vigorous stirring. The resulting migture was kepth
undeyr stirring £for approximately 30 minutes and then
gravity filtered. The filtrate was roto-evaporsted and the
reguliting  residue was extracted with dichloromsthans
{(200ml}) ., The dichloromethanse was washed with &N sodium
hydroxide solution {(2z200ml) and sodium chloride
gsoelution{300ml). The corganic phase was separated, dried
with magnesium sulfate and roto agorvated vyieliding the
product as oil, which was uszed dirvectiv in the next siep.
{m=0.41g Yield: B4%}
(D} W= {l~{2~Ethoxy-&-methoxzy~1H~benzimidazol~1~vyvl)propan=~2~
vilacetamide

In & H0mi reachtor containing N {1 {Z-amino-5-

methoxyphenyliaminelpropan~Z-yvllacetamids {430mg,
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1.69mmel), tetraethyl orthocarbonate {1.3g, 6&.7mmol} and
subseguently acetic acid {($.01Cg, C.1io%mmel} were added.
The reaction was  hesated to 802 and kept at this
temperature for 30min. Then the reaction medium was allowed
te return toe room temperature and ethyl ether {(2Iml) was
added. The precipitated sclid was filtered, washed with
ethyl ether (2bhml) and purified by MPLC (CHCI3:MeCH 2:1)
resulting in a white solid product. {(m= 240mg. Yield: 4%%)

‘H ONMR {500 MHz, CHLOROFCRM-d} Sppm 1.18 (d, J=6.87 Hz, 3

Hy i.44 - 1.54 {(m, 5 K} 1.54 {«, 3 H} 3.83 - 3.30 {m, 4 H}

F.87 - 4.07 (m, 2 H} 4,31 - 4,39 {m, I B} £.47 ~ 4,65 {m, 3
HY 5.51 {br d, J=7.17 Hz, 1 H} 6.74 - &.79 {m, I H} 6.8

{(d, J=2.44 Hz, 1 H} 7.40 {d, J=8.5% Hz, 1 H}
Exampls 14
2=-Bromo=N~ {2~ {Z-gthoxy=-o~methoxy~iH-benzinidazci~1~

vijethyvli)acetamids

HN"%
\Lj M (133)

(A} Z=-bronge=N=-{Z-{{5=-methoxy=-2-
nitrophenvlaminolethyl)acetamide

In a 100ml reactor with magnetic sitirring, Ni-{5-
mathory-2-nitrophenyl) thane~1,2~diamine {lg, 4.73Zmmol},
dichloromethane {50ml} and triethylamine {({.67ml, 4.81lmmol)
woere added. The reaction medium was kept under stilrving and
a Dbromoacetyl bromide sclutioen ({(0.413ml, 4.74dmwmol) in
dichlorvomethanse {10ml} was slowly added through an additicon

funnel. The reaction medium was kept under stirring at room
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temperature for 2 hours. After the completicon of the
reacticon, 10ml of 10% aguecus hydrochloric acid solution
{i0ml} was added. The dichloromethans was ssparated and the
agueous phase extracted with dichlioromethane (Zx20ml}. The
organic gphase was washed with 5% agueous bicarbonate
solution {(100ml} and saturated =odium chioride solution
{100ml). The organic extract was separated, dried with
anhydrous magnesium sulfate and roto-evaporated, resuliting
in a yellow solid product which was used directly in the
next step. {(m=1.4% g. Yield: 92%)
(BN~ {Z~{{Z~anino~5-methoxyphenvl}aninclethyl) -
bromoacetamide

In A 100ml reactor, 2~bromo=MN~ {2~ { {S~methoxy~2~
nitrophenyvllaminclethyl)acetanide {0.70q, 2.3 1omol) ard
mathanol {50ml} wers added. The system was kept undsz
stirring with heating between 40 and 50°C until complete
dizsolution ¢f the s=olid. Then the reaction nmedium wWas

cooled to  room temperature and powdered zinc  {(2.05,

31, dmmoel) and ammonium formate {(1.0g, 13, 8%mmol) were added
undey vigorous siirring. The resulting wmixture was kept

under  stirring for approximately 30 minutes and then
gravity filtered. The filtrate was roto-evaporated and the
resulting residus wWas extracted with 350ml of
dichloremethane. The dichlicromethane was washed with 6N
sodium hydroxide seolution {Zx200ml) and sodium chloride
solution{300ml). The organic phase was separated, drisd
with magnesium sulfate and rote-evaporated resulting in a
product az oil, which was used directly in the next step.
{m=0.57qg. Yield: 90%)

{C) Z=Bromo-N-{2-{Z-athoxy-G-methoxy~1lH~-benzimidazol-1~



’
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vilethyl)acetamide

In a S58mi raactor containing N-{2~{{Z2~amino~5-~
nethozyphenyllamine}ethyl) ~2Z2-bromeacetanide {57 0mg,
1.8%wmmol), tetrasthyl orthocarbonate (1.45g, 7.5mmol} and
subsequently acetic acid {(4.3113g, O.1
The reaction was heated to 8#0°C and kept at this
temperature for 30min. Then the reaction medium was allowed
Lo return to room temperature and eithyl ether {(Z25ml) was
added, The precipitated solid was filtered, washed with
gthyl ether {(25ml} and purifisd by MPLLC {CHCIZ:MeOH 9:1)
ragulting in a white scolid product. {(m= 36Zmy. Yield: 54%)
HONMER {500 MHBz, CHLOROFORM-J) dppm 1.40 - 1.50 {m, 3 H}
3.58 - 3.70 {(m, 2 H} 3.71 - 3.87 {m, 6 H} 3.84 - 4,16 {m, 2
HY 4.55 - 4.62 {(m., 2 H}) 6.62 - &£.70 im, 1 H} §£.72 i{d,
J=2.44 Hz. 1 H} 6.78 {d, JF=8.27 Hz, 1 H} 7.42 {d, J=8.70

Example 15
N={Z2={S=mathoxy-L~{methyvlthic}~-1H~benzimidazoi~-1~

yvitethylyacetamide

vy

{
HN
o ’Lk
It
PRENGECN N
\U/ P
\.\g/ hY \\

{B) HN-{Z~{Z-mercapto-6t-mathoxy-iH-benzimidazol-1~

(123}

vilethyllacetamide

In a 10ml reactor N~ {2~ { {Z2~aming~5~
maethoxyvephenvliamincelethvlacetamide {1.340g, o.00mmol} and
thiourea {(0.457g, 6.00mmol}) were added. The mixture was

initially heated to 120°C for 18 min with intense vwvapor
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release and then heated fto 180°C for 5 min, with second
vapor release. The temperaturs was reduced to 30°C and
ethanel (15ml} was added. The resulting mixture was coslied
to =10°C, the solid filtered and washed with ice cold
ethancl {10ml}, yielding 1.26g (79%} of the cruds product,
which was purifisd by MPLC (CHCL3/MeOH 9:1} resulting the
title compound az a rosy solid. {m=1.1 g. Yield: 69.1%;}

(B N {2~ ith ~1H~-benrimidazol-1-

3
r\
1~?‘
=
o
/
)
:
[
s
E)
i
ot
iy
«
'E
35
3

yvijethyl)acetamide
Potassium carbonate {(13.08Z2mg, 0.0%4mmol) followed by
iodomethans {5.8%ul, 0.08%4mmel) were added to a scolution of

N {2 {2emercapto~d~methoxy~1H-benzimidazol~1~

=

Yitethyl)acetamide (50.0mg, 0.18Bmmol} in acetons {Zml) at
aec, e reachtion was kept under stirring at room
temperature for 1h. After, a sscond poeriticon of potassium
carponate  {(13.0Z2mg, ¢.0%4mmel} and iodometans  (5.80ul,
0.0%dmmoly  were added and the mixture remzined under
stirring overnight at room temperature. Volatile poertion
was removed under reduced pressure  and  the residus
partitionad between ethvl acetate {10ml) and water {10ml).
The organic extract wss separated, dried with magnesium
sulfate and evaporated under reduced pressure to yvield the
pure product. {(m=44 mg. Yield: B4%)

HORMR {500 MHz, CHLORQFORM-J} dppm 1.53 (s, 23 H} 2.76 {(s.
3 H} 3.861 (g, J=5.85 Hz, 2 H} 3.82 - 3.86 (m, 3 H} 4.24 {t,

1

Hy 6.84 {d, J=8,76 Hz, I H} 7.27

brst

{z, HY 7.54 (d, J=8.70 Hz, 1 H}

Exanple 16

pa

= {2~ {2=athoxy-7, 8-dihvdro~iH~benzofuran{4d, b~-dlimidazoli~1~

vitethyllacetanmide
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- 2
\NJ{

~
Lf "

{(A) tert-Butyi{Z-{2-ethoxy-7,8~dihydro~1H-benzofuranid, 5~

(148}

dlimidazei-l-yvllethyl}carbamats

Im & 25mli ctery containing tert-butyl{Z-{{S-amino-
2, 3=dihvdropenzofuvran~4d-yijaminojethvli)carbamate {200myg,
0. e82mmoel )} tetraethyl orthocarbonate {534dmg, 2.7Z7mmol)

folliowed by acetic acild {dmg, C.038mmel) were added., The
reaction was heated to 80°C and kept at thisz temperature
for 30min. Then the reaction medium was allowed to rveburn
to room temperature and ethyl ether {10ml) was added. The
precipitated solid was filtered, washed with ethyl ethaer
(i0ml} and purified by MPLC {CHCT13:MeCH 9:1} resulting in a
white solid product. {m= 18lmg. Yielid: 76%)
(B} Z=-{2~ethoxy~7,8~dihvdro~iH~benzofuran{4,i~d]limidazol~1~
vilethanamine

In & 25mi reasctor, teri-Butyvli{2-{Z-ethoxy~7,8-dihvdro-
LTH-benzofuran{d, d-dlimidazol-i-yliethvllcarbamate {150meg,
O.432mmol) were diszsolved in oml dichloromethans., Next
trifluorcacetic acid {(§.266mi, 3.45lmmol) was added. The
reaction was stirvred at room temperature for 6h {(monitorad
by HFLC), After the reacticn was complete, the reaction
madium was transferred to a beaker and diluted with
dichlorvomethans {50mi). A 15% agusous scdium carbonate
solution was added under vigorous stirring until pHs 12.
The organic phase was separated, dried with magnesium
sulfate and evaporated resulting in a white =zolid product,

which was used directly in the newt step. {(wms 8img. Yield:
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)

o’s"

{C) N={Z2~{Z-~athoxy-T7,B~dinhvdro-1H~-benzcfuran{d, 5~
dlimidazoi~l-yliethyllacetamide

. .

In a 2Zbmi reactor, ethanci (10 mg), Z-(Z-ethoxy-7,8=-
dihydro~lH-benzoiuranid, i-d}imidazoi~1~yl})ethanamine (70mg,
0.283mmel}, acetic anhydrids {G.030ml, 0.301mmol) and
zodium carbonate (33mg, 0.311lmmol) were added. The reaciion
mixture was heasted under reflux for 1h and then evaporated
under reduced pressure. The resulting oil was dissolved ir

ethyl agetate (30ml) and washed with 10% agqueocus sodium

carbonate scolution {10ml}. The organic exitract was dried

o

syer magnesium sulfate, roto-evaporated and the resulting

o

olid purified by chromatography (MPLC) (CHCL13:MeCH 9:1)
resulting in a white solid product. {m= 7bmg. Yielid: 92%}

‘HONMR {300 MHz, CHLORCFORM-d) dSppm 1.44 {t, J=7.0% Hz, 3
Hy 1.86 - 1.87 {m, 3 H} 3.38 - 3.65 {m, 5 H} 4.11 (&,

J=6,11 Hz, 2 H}Y 4.45 -4.7Z2 {(m, 4 H} 5.%2 {(br 5, 1 H} 6.6

0

{fd, J=8.46 Hz, 1 H};

12
P

COONMR O (75 MHz, CHLOROPORM-J} dppm 14,76 {fs, 1 C) Z23.17

'\3

{s, 1 C) 28.08 (g, 1 C} 38.82 {s, I )} 41.88 (s, I C} 66,15
(s, 1 ¢} 71,43 (e, 1 &) 103.82 (s, 1 &} 106.28 (s, 1 C}
1186.53 (s, 1 C} 130.54 (s, 1 ) 134.43 (s, I C} 156.53 (=&,
I ¢y 156,68 (s, 1 C) 170.58 (s, I ).
Example 17
Ne{2={2-methoxy~7,8~dihydro~lH~benzofuranid, 5~d]imidazol-1~
yilethyl}acetanide

li'“'\.

AN N
ﬂ -0

pod
(93]
<
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{A) tert~Butyl{2~{2~-methoxy~7, ~dihydro~lH~benzofuran
[4,5~d]imidasol~1~yijethyl)carbamate

n oa 10ml reacter containing tert-butyl {2-{{5~aminc-

2, 3=dihvdrcoenzofuran~4~yi)aminolethyi)carbamate {200mg,
0.68%mmol}, tetramaethyiorthocarbonate (374mg, £.728mmol) and

ubsequently acetic acid {dmg, 0.038mmol) were added. The
reaction was heated to B80°C and kept at this temperature
for 30min. Then the reaction medium was allowed fo return
Lo room temperature and ethyl ether {10ml) was added. Ths
precipitated scolid was filtered, washed with ethyl ether
{10ml} and purified by MPLC (CHCIZ:MeOH 9:1) resulting in
white solilid a product. {(m=160mg. Yield: 70%)

(B} 2~{Z-methoxy~7,8~dihydre~1H~-benzofuranid, 5-d} imidazol-~

1=v1)ethanamine

In a Z25ml reactor, tert-Butyi (2= {2-methoxy~7, 8~
dihydro-1lH-benzofuranid, 5-d}imidazol-1-yl} ethvijcarbamate

{113mg, C.399%mcl) was added to Sml dichicromsthane. Then
triflucrescetic acid {(0.20%3ml, £.7immol) was added. The
reaction was stirred at room temperature for 6h (monitorsd
by HPLC}. After the reaction was complelte, the reascilon
medium  was  transferred to a beaker and diluted with
dichloromethane  {30mi). A 15% agueous sodium carbonate
solution was added Under wvigerous stirring until pH= 12,
The organic phase was separated, dried with magnesium
sulfate and evaporated resulting in a white solid producth,
which was used directly in the next step. {(m=LHbdmg. Yield:
£9.6%}

{2 N {Z={Z=methoxy=T7, 8=~dihvdre-1H-benzofuranid, b~
dlimidazoel-l-yllethyvl)acetamids

In a 2Bml reactor, ethanol {(10ml}), I2-{Z-methoxy-7,8-
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dihvydro~1H~banzofuran [4,5~d]imidazol~1~-y1l) ethanamine
{53mg, ©.236mmol), acetic anhydride {0.025ml, 0.25%mmol)
and sodium carbonate (27.5mg, 0.Z258mmellwere added. The
reacticn mixture was heated under reflux for ih and then
evapcrated under reduced pressure. The obtained oil was
dissolved 1in ethyl acetate {30ml} and washe with 10%

aguscus  sodium  carbonate zolution  {10ml). The organic

gxtract was dried over magnesium sulfate, roto-evaporated
and  the resulting solid was purified by chromatography
(MPLCY {(CHC1I3:Ma0OH 9:1) resulting in a white solid produci.

{m=58mg. Yield: BY9%}

HONMER {300 MHz, CHLOROFORM-G}) Sppm 1.85 (s, 3 H} 3.38 -
3.61 (m, 5 H} 4,06 - 4.13 {(m, & H) 4.63 (t, J=8.58 Hz, 2 H}
5.5 (kbr 5, 1 H) &§.88 {d, J=8.44 Hz, I H};

o NMR (75 MHz, CHLOROFORM-d) dSppm 23.10 {s, 1 C) Z8.05
fs, 1 C) 38.74 (s, 1 C} 42.02 {s, 1 C} 57.02 {a., I C} 71.45
(s, 1 C} 103.87 {(sg. 1 <} 106.323 (s, 1 ¢} 1i6.84 (s, 1 C;
130.7¢ {8, 1 C} 134.30 (a3, 1 C} 156.77 (s, 1 C} 157.13 f{s=,

Example 18
N=-{Z={S~bromno-2—~athoxy~o-maethoxy-1H~-benzimidazole-1-

viethyl)acetamide

o
Y
BSOS
> {117}
In 2 I0mi reactor, N-{Z~{Z2~ethoxy~&~methoxy~1H~
benzimidazole=-l~yliethyilacetamide {Example i {1C0mg,

0.360mmel}, chlorcoform (Hml} and N-bromosuccinimide (64mg,

X

360mmol) were added. The reaction nmedium was under reflux



]
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and kept under gtirring for 8 hoursg. The reaction medium
wag diluted with chiorcform (50ml), the orcanic phase was
washed with 5% aguecus sodium carbonate sclution {3x30ml),
dried with magnesium sulfate, roto-evaporatsd and purified
by c¢hromatograghy resulting in a white solild praoduct,
{m=T0my. Yield: 54%)
H NMR (500 MHz, CHLOROFORM-d} &pom 1.48 (&

HY 1.8% - 1.83 {m, 3 H} Z.5¢6 (g, J=5.35 Hz, 2 H} 3.88

F.82 {m, 3 H} 4.13 {t, J=5.87 H £ HY 4.5 - 4.53% {m, 2 H)

N
~

N {2~ {5~chloro~Z2~ethoxy~&~methoxy~lH~benzinidazole~i-

vilethyl)acetamide
2
Hi f‘&
~
fﬂ\«f 72
< N
<l N (121)

re.

1 & 50mi reactor N {2~ {Z=athoxy=-b~methoxy~1H~

ii &
I

benzimidazele~l-yi)ethyi)acetamide {(Example i} (G.5g,
. 8

1.80mmol), isopropancl {25ml) and N-chlorosuccinimide

(0.241g, 1.80mmol) were added. The reaction meadium was
under reflux and kept under heating and stirring for 24

hours. After the reaction was complete, the reaction wmedium
roto-avaporated to dryness and diluted with ohloroform

Was

{200mil) . The chicroform was washed with 5% agueous sodium

caroconata solution {3xi50miy, dried with anhydrous
magnesium sulfate and roto-avagorated, The residue

containing the raw product was purified by chromatography

resulting in a white solid product. {m= 345mg. Yield: &1%)
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HONMR (500 MHz, CHLOROFORM-G) Sppm 1.44 - 1.50 (m, 3 H)
I.89 - 1.53 (m, 3 H} 3.47 - 3.72 {m, 2 H} 3.8% - 3.83 {m, 3
4

LAZ2 {t, J=5.87 Hz, Z H} 4.44 - 4.68 {(m, 2 H} V.27 {s. 1

¢ ONMR (75 MHz, CHLOROFORM-J} dppm 14.70 (s, 1 C} 23,17
fs, 1 C} 38.02 (s, 1 C} 41,13 ¢

{s, 1 C} 85.00 ¢z, 1 €} 116.¢7 (s, 1 C} 118.3% (s, 1 T}
13

k¥

SO0 fs, 1 C3 133.82 {s, 1 C} 150.7¢ (s, 1 C} 157.05 (=,
¢y 176,76 (s, 1 C}.

Examplse 20

=z

~ {3~ {S~chloro-2~athoxy~G-methozny~1H~-benzimidazole~-1~

viipropyllacetamide

In a 10ml reactor, N= (3=~ {2~ethoxy~&-methoxy-1H~
benzimidazole~il~ylipropvl}acetanids {(Example g} {50mg,

O.172mmol}, N-chlorosuccinimide {23myg, 017 2mmol) and
izopropancl {(Zml) were added. The reaction medium was kept
under refluz and stirred for 18 hours, then poured into
chlovoform {40ml). The organic phase was washed with 5%
aguecus  sodium  carbonate solubtion  {3x20ml), dried with
magnasium sulfate, roto-avaporated and the residus purified
by flash chromatography resulting in a white solid.
(m=42mg. Yield: 75%}.

“HONMR {300 MHz, CHLORQFORM-4} Sppm 1.49 (&, J=7.08 Hz, 3

8

HY 1.%4 - Z2.03 {m, 5 H} 3.26 {g, J=6.68 Hz, Z H)} 3.9382 ~
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Y

L3 fm, &5 H} 4.5% {g, J=7.12 Hz, Z2 K} 5.58 {(br s, 1 H}

MHz, CHLORQFORM-d} dppm 14.74 (s, 1 C} 23.30

5
{s, 1 C} 28,73 (g, 1 C} 36.91 {5, 1 C} 38.70 (s, 1 C} 57.1¢

Mo
boenk
Fot
(S5
5]
£

o
6]
-
Y
]
Toarns

{g, 1 O} 66.47 (s, 1 C} 83.23 {s, 1 C

I ¢y 157,06 (s, 1 C} 176,18 (s, 1 C}.

Ewample 21

N {3 {3~chlore-2, 6~dimethozy-1H-benzimidazole~1-yl)
propyllacetamide
Q§MM
b
/
o
/
/0 /\.\*”N
e
e
S (144)
in @ 10mi reactor, N~ {3~ {2, f~dimethory~iH~

benzimidazole~l-ylioropyliacetamide (Ezxample 3] {48, dmg,
0.175%mmoly, HN-chlorosuccinimide {(24.img, O.3i80mmol) and
iscpropancl (Zml) were added. The reacticon medium was kept

under reflux and stirred for 6 hours, then poured into
chloroform {40ml). The organic phase was washed with 5%
aguecus sodium garbonate scolution  {(3x20ml}, drisd with
magnesium sulfate, roto-evaporated and the residue purified
by chromatography rvesulting in a white solid., {(m=3T7Tmyg.
Yield: 68%).

7

“H ONME {500 MHz, CHLOROFORM-d) OSppm 1.82 - Z2.13 {(m, 5 H}

3.27 {g, J=6.82 Hz, 2 H} 3.84 - 3.9%4 {m, 3 H} 3.3% {t,
J=5,.87 Hz, 2 H} 4.11 - 4,15 {m, 3 H} .54 {br s, 1 H} &.7Z

Example 22



WO 2018/076090 PCT/BR2017/050320

N~ {Z={5~¢hloro~Z, o~dimethoxy~1H~benzimidazole~1~

vitethyl)acetanide

i
e ’
G\ /”o\’\
T
Ci/\” (143)
1 a 18mi reactor, N {2-{2, &~-dimethoxy-1H~
benzimidazole~l-~yllethvyilacetamide {(Example 10} {&0mg,
(.228mmol}, N-chlorosuccinimide {30, 4myg, 0.228mmol} and

iscpropancl {(3ml) were added. The reaction medium was kept
under reflux and stirred for 86 hours, then poursd into
chloroform {4C0ml). The organic phase was washed with 5%
agueocus sodium  carbonate seolution {3x20ml}, dried with
magnesium sulfate, roto-evaporated and the residue purified
by flash c¢hromatography resulting in a white solid.

{m=18myg. Yield: Z7%}

-

HONMR (300 MHz, CHLOROFORM-d) Sppm 1.88 - 1.96 (m, 3 H)
3.52 - 3.68 (m, 2 H) 3.82 (s, 3 H} 4.09 - $.17 {(m, 5 H)

6.80 (s, 1 H} 7.52 {(s. 1 Hi:

YCONMR {75 MHz, CHLOROFORM-J} dppm 23.16 (. 1 C} 38,02
{5, 1 C} 4i.14 (g, 1 C} 56.984 (s, 1 C} 57.25 {s, 1 ) 53.04
{o., 1 C} 1ie.74 (s, 1 Cp 113,10 (s, 1 C} 133.18 (s, I O}

132,66 (s, 1 C} 150.85 {=s, 1 C} 1I57.61 {3, 1 C} 170.83 (=,

Example 23
N=~ {2~ {S-chloro-Z~ethoxy-t-maethony~-lH-benzimidazole-l~yl}

ethyl}coyclopropanecarboxamide
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In a

benzimidazole~1-

i0ml

PCT/BR2017/050320

/O "\Q\:,»»'N\
A

c; - \,\;{/‘%M N

reactor, N~{2

vitethviloyclopropans carbezamide (Example

47 {Y9Zmg, C.3Z%mmel}, N-Chlorcosuccinimide {453mg, 0.337mmol)
and iscpropancl (4dmi} were added. The reaction medium was

kept under

inte chlorcoform

Ao

AgQueDus

magnesium sulfat

by

Yield: 60%).

HONMR (500 Mz
.87 - 1.07 fm,.
Hz, 3 H} 3.57 -
J=5.80 Hz, 7 Hj
1 H} V.50 (s, 1

EXAMPLE 24

N {Z={7~chloro~Z-athoxry~&~math

vilethvilacetanmi

In

reflux and

sodiurn carbonate

chromatography resulting

stirred for 24 hours, hen poured

{60ml}. The organic phase was washed with

gsolution {3x30ml), drised with

g, robto-evaporated and the residue purified

in & white golid. (m= 5Hlmyg.
, CHLOROFORM-d}) Sppm (.66 ~ 0.85 (m., 2 H)}
£ Hy 1,20 - 1.34 {m, 1 Hp 1.4¢ (&, J=7.10
3.74 {m, £ H) 3.8% - 3,98 {m, 3 H} 4.11 (¢,
4.45 ~ 4.66 (m, Z H}) €.7¢6 (s, I H} 7.27 (s,

oxy-lH-benzimidazole~i-

cie

Pr.
N
3

i
.
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benzimidazole~l~yllethyl)acetamide {(Example i {G.5q,
1.88mmol), chloroform {50mi) and M-~chiorcesuccinimide

(0.270g, 2.02mmel) were added. The reaction wmedium was
under reflux and kept under heating and stirvring for 48
hours. After this period, the reaction medium was roto-
evaporated to dryness and diliuted with chloroform (200ml}.

The chloroform was washed

-:..

ith 5% aqueocus szodium carbonate

gsolution (3x150ml), dried with anhydrous magnesium sulfate
and  roto-evaporated. The residue was fractionated by
chromatography  resulting in a white selid produci.

(m=128mg. Yield: 23%}.

*HONMR {300 MHz, DMSC-dg} dppm 1.38 {t, J=6.87 Hz, 3 H}

' NMR {,"b MHz, Nfso'"'dr’f} é}fkpﬂz igd.41 (S, A

-
b
e
By
AN
229
|5,
oy
6]
oy
et
3

42.15 fg, 1 C} 586.84 (s, I T} 66.07 (s, 1 C} 102.82 (s, 1
Cy 106,80 (s, 1 ) 115,80 (s, 1 ¢} i30.18 (s, I C} 135,87
{fg, 1 ) 1492.88 (e, 1 C} 157.30 (e, I C} 1&68.44 {(s.1 &},
2. Tests conducted and Test Results

The examples described herein are for the sole

purpose of exemplifyving cone of a number of ways of carrying

osut  the invention, ut are ot limited to the scope
therecf.

Description of Tables

Table 1: Binding and functional assays results on
melatonergle receptors MT1 and MTZ for selected compounds.
Table 2: Permesbility study results onlacoe-2 cells {10-¢

mlE) .
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Table 3: Warter sclubllity study results, expressed as uM.
Table 4: Intrvinsic clearance study results on cryopreserved
human hepatocvtes, expressed as half-life {(minutes).
Table 5: Results £or the inhibition study in human
recomiinant cybochromes (CYP) ,expressed as percent
inhibition {%}.
Table &: Pharmacokinetic profile study reszults in CD-1 nmice
and Wistar-Han micge after oral (10mg/kg) and intravenous
(lmg/kg) administration of the compounds.
2.0 —~ MTL and MT2 ~ Binding

The binding assay was performed in melatonergic MTL
and MI'Z2 receptors in order to check the recepter affinity
for the ligand, 1.2., the ability of the molecule to kind
te the respecitive receptors. The Ki described in the
regulits 1s the dissocilation constant and measures the
affinity of a non-radioactive test compound for the
receptor. The IC30 shows the concentration of the substance
regulred for aschileving 50% inhibition of the receptors. Kd
shows the affinity of the radio ligand to the receptor.
Raceptor inhibkition is measured by the 2 of inhibition a
binding specific contrel. Recombinant human cells {CHO-
gderived! and [1Z51]1Z~icdomelatonin compound labeling were
used followed by incubation and detection alt concentration
of 0.01-0.05nM by Scintillation Count, with Kd 0.04nM and
0.085nM, respsctively. Incubation was performed for 80~1Z2C
min at 37°C.

According toe the vresults, agomelatine showed high
affinity to the melatonergic receptor MTL {(Ki §.20M) and
MTZ (KL 0.042nM} . The inventive compounds also showed high

affinity for both MTL and MT2Z receptors, azs demonstrated in



WO 2018/076090

Table 1. The affinity
143, expressed as affinity

~d
o

of compounds 120,

constant

{Ki)

1231,

PCT/BR2017/050320

144,

142 and

wvalues by the MTL

ceptor was 1.1, 0,88, 2.2, 1.3 and 2.1nM. The affinity
for ths MTZ rsceptor was £.5, .83, 11, 1.8 and 0.8 nM,
respectively
Table 1
MTL MTZ
, MT1 MT2 Function| Functiona
Chemical Compound o
Binding Binding al 1
structure code TOED
>3 A 5 £ {’" i 3
Ri {nd} KL (aM) | 0 EC50 {nM)
{nk
H
ey | TAZ-TE
S e A {agomelat 0.% 0.042 0.15 0.019
B e e Ny . R
E ; ] ine)
\éfl\\:ff
c\,..»cw
‘__,"N":-
I
~ TA2-120 1.1 4.5 ¢.19 .38
rx;,c‘/g\v’ Ry *’ﬁ\ .
i A’“‘ ‘\
R i
7
¥
NH"'\
J cH,
I3 TAZ~121 0.88 .93 0.1¢ 0,25
G SN q/\§ N\:}w0
A & N
HE
/....-NIH
e fff IA2-140 2.2 i1 2.1 1.2
On Ny
i \”]; N
T s
S 4 Ny
.
\-’"Ht
\l &
-
lf
o fJ TAZ2-142 i3 1.6 3.4 .38
i’\ U N
N k”*»{/ hS—_ry
'CH}
NN,
fot! °
. i TAZ-143 2.1 0.8 .25 2.8
R NS
i P
E/ N //”‘\;{/ \u"s
2.2 MTL or MTZ ~ Punctional
Functional results are asBBAYS that allow the
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determination of the intrinsic activity of drugs,
indicating whether a compound 1s an agonist, antagonist or
inverss agonist., The ECEY shows the drug concentration
raeguired to induce half the maximal effect, after a
specific exposure time, and 1s usually used as way to

measure The potency of & drug. As an example, we ¢an

§1]

mention the use of HEK-2983 az a recombinant cell in which a

r

specific stimulus was periormed faccording fto  the

drug/eompound in study), followed by  incubation., The
detection of the resullt was carried out by Cellulary

Dielactric Spectroscopy for imgedances oy by HIRE

R

{Homogeneous Time Resolved Flucrescgence! to detect IPL
{myo~Incsitol 1 phosphate), a protein related To
intracellular signaling.

According to the results from the assay, agomelatine

behaves as an agonist and showsd high potency for the MTIL

recepltors {(BCH0 G.1ibnM) and MTZ2 {ECH 0.039nM) .,  The
inventive compounds also behave as agonists and

demonstrated high potency to the melatonsrgilc receptors MTL
and MTZ, as shown in Table 1. The potency of compounds 129,
121, 140, 147 and 143 for the MT] receptor, sxpressaed as
BEC30, was 0.1%, C.1¢, 2.1, 2.4, 0.25nM. And the potency of
the same compounds for the MTZ receptor was 0.38, .25,
1,2, 0.3% and 2.8 nM, respectively, demenstrating that
compounds 120, 1Z1 and 143 have higher potency for MT1 with
respect to MTZ and compounds 140 and 142 show higher
potency for MT2 with respect to MTL.

2.3~ Permeability

Fermeability tests were performed using Caco-Z cells,

a colorectal epithelial adencearcinoms c<¢ell line. These
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calls

such as the

defined brush

intercellular junctio

3

‘he test 1s
basclateral {A-B)

the cell monclaver,

B

ragemble intestinal epithelial

PCT/BR2017/050320

cells in some aspects,

formation of a polarized monolaver, a well-

border on  the apical surfacs and
OIS .

performed in both directicns [apical to

and basciateral toe apical (B-A}] through

allowing an efflux ratio that provides

an indicator ag to whether a compound undergoes active
efflux. Particle tection was performed with HPLC-M3/MS
{mass spscbrometry) ageording bo the calculation of the
peak area of the result. MS/M3 was performed by combining
two mass detectors in a single instrumen

A-B permeabliity was performed at pH §.5/7.4 with
incubaticn time of § and 60 minutes at 37°C and B-A
permeability was performed at pH 6.5/7.4 with incubation
time of O and 40 minutes at 37°C.

The results in Table £ show that the fest compounds

presentead
cells,

Table 7

good permeabllity rate

(> 10-%

ocm/ sl

in Caco~2

Chemical
Structure

Parmeability

A-B (pH

6.5/7.4,

e

Parmeabllity
B-A {pH

6.5/7.4

; { Ton LT
R B /i IA{.. p@)( 83‘9 48,%
Hﬁ/\ﬂ/%§/%§ {agomelatine)
\\’f \\”/:j
Nt
¥
-
!
! TA2-120 3z2.1 29.5
o ﬂ\:/ /:\I"Pj\
=E # C\
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s TAZ~121 58.2 32.1
AN R N
G DT
i 1 A
o F ~{ NG,
et
-
r
¥
= - TAZ-140 27.3 55.1
SN N |
i R N\
=! :[ & C\
S Yoty
S,
‘u’:\}___.cn5
.

TAZ~142 34.0 57.8

2.4 ~ Water Solubility
Water oiubiiity o©f the present invention was

3

ermined by comparing the peak area calculaticn in a

(o3

at

calibration standard (200pM) containing organic clvent
{methancl /water, 60/40, v/v) with the ares calcoulation of
the corresponding pesak in a buffer sawmple. In addition,
chromatographic purity {(3) was defined az the calculation
of the main peak area yelative to the caloulation of the
peak area integrate of the sgtandard HPLC calibration
chromatogram. A standard calibration chromatogram was Then
generated for each compound tested along with a UV/VIZ
spectrum with maximal labeled absorbance. The shake-~flash
technigue was used with constant stizring during incukation
to keep a uniform medium for 24 hours in PBS at pH 7.4, The
results showed that the solubilility of the test compounds
waz similar to that of agomelatine, as shown in Table 3.

3

P

T

it
o
Y

1
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2.5 =Intrinsic Clearance in human hepatocytes
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suspension and performing the dincubation at the tinmes

ADOVE.

in the wells and detection by HFLO~

MS/MS

The reaction was guenched with addition of

{mass

spectrometry). ME/MS is performed by combining two mass
detectors inte a& singlie instrument.

The hali-life expressed in minutes for dntrinsic
clearance in human hepatocytes was greater than 120 minutes

For all inventive

claarance

Similar results were seen with

hali-life of 4%

compounds,

minutes,

the

while

-1 mice and in Sprague-Dawley rats,

presented
ragpectively,
4.

Table 4.
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2.6 = Inhibition of CY

The CYP inhibition test used fluorcgenic supstrates
specific to =ach CYP to check for inhibition thereci by
detection of the expected metabolite using a flucorimetric
method. Recombinant CY¥YPs {CYP2Be, CYPICR, CYPZCE, CYP2CY,
CYP2CLY, CYPZDO, CYP3A4) from specific humans for each
cytochrome family, subfamily and polypeptide were used. The

following were used as  substrates: CEC {:

Q}
Ethoxvooumarin) which forms ss metabolite CHC {3-Cyvano-T7-

Hydrosyooumaring ¢ BEC {7-Ethoxy-4~trifivoromethyl
ocoumarin, forming the metabolite HEPC {7~

Hydronytriflucvromethvicoumarin) ; DRY  {(Dibenzvifluorescein)
and its respective [lucrescelin metabolite; MPC {7T-Methoxy-
d-triflucromethyvlcooumarin which forms the metabolite HEC
{(T-Hydrexvtrifluoromethylcoumaring ; BEFC {7-Benzvlioxy~
Triflucromethylcoumarin} and 1ts metabolits HFC; and BzRes
{(benzvloxyvresorufin! to form resofurine. The detecitlon of
the metabolite was done with a fluorimetric method:
analytical technigue to identify and charactsrize the
amount of  substance by excitstion using a Dbeam of
sltraviolet light and measuremant of the gmitbed
fluorescence. Foy detection, a 2&-well plate was used, Each

sample was tested in two wells (=2} as standard condition.
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At least 04 wells were separated for vehicgle {(contreoll.

Compounds were tested at a concentration of 10uM, standard

<

it
5
&
e
Lo o]
L]

for this assay. They were preincubated with
generator system in a phosphate buffer {(pH 7.4) fozx
minutes at 37°C. The reaction was started by adding the

specific CYP enzymes, substrate and bovine serum albumin

(B3A < 0.4dmg/mi). Incubations were performed between 20-5C

minutes at 37°C according to the specific parameter of each
fluorogenic  substrate; for the evaluated component.

Fluorescence at each well was detected before and after ithe
incubation period.

The results demonstrated that the inventive compounds
do not present high affindity to the 07 cytochrome isoforms
analivzed {(CYPZAG, CYPABS, CYPZCR, CYPZ2CS, CYPICLS, CYP2DH,
CYP3A4), specially teo CYPIAZ, CYP isoform which agomelatine

has high affinity, according to Table 5.
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2. 7-Pharmacokinetics (FR) in Mouse -~ T.V. and oral
P tests were performed with CL~1 mice, using 4

animals per molecule tested, 2 animals for pharmacokinetic

analysis by intravenous (IV) administratiocon and 2 animals

for oral administration. The treatmenit was carried cut in &
do

single

('J

I.V. group with dose of Img/kg and Oral group
0

with dose of mg/kg. The vehicle consisted of 5% DM3C,

o)

30% PEGA0G and 5% water. Blood collection was performed
after suthanasia at 08 defined time polints and at 24 hours

post~dose. The pharmacokinetic analysis parameters detected

for Group IV ware: ~1ife (£1/2), drug concentration at

time  zero {0,

measurable plasma  concentration
{AlJClasty,; area under the plasma concentration curve
extrapclation percentage (AUC%ext), area under the plasma

concentration ocurve extrapolation to infinity {AUCInf),
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volume of distribution {(Vz1, steady state volume of
gistribution {(Vssg), clearance {(CL) and mean residence time
(MRT). The parameters evaluated Ior the Oral group weare:
bicgavallability {F%}, maximum concentration resached {(Cmax),
time to reach maximum plasma concentration (Tmax), last
measurable plasma concentration (AUClast), area undsr the
plasms concentration curve extrapolation percentage (AUCK
axrtl, area under the plasma ooncantration CUTVE
extrapolation to infinity (AUCinf), ares under the plasma
concentration curve extrapolation o infinlity versus dose
(AUCinf/Doge), half-Life {(£1/2), and mean residence time
{MRTY .

After intravencus administration of the congounds to
mice, the inventive molecules 120, 123, 140, 142, 143 and
agomalatine presented higher C0 and lower Clearance than
agomelatine, highlighting the improved pharmacokinetics of
the inventive molecules,

According to the results after coral administrzastion in
mice, the compounds and agomelatine showed a Tmax of 0.25%h,
except compound 140 (0.375hy . In  addition, all the
inventive compounds showed a Cmax higher than agomslaltine,
being 3405, €490, 5010, 7530, BY%1l5ng/ml for compounds 120,
121, 14¢, 142 and 143, vrespectively, in comparison to
21.9%9ng/ml for agomelatine,. In addition, the last measurable
plasma concentration {AUClast) of the compounds was also
higher in  comparison fo agomelatine. Finaily, the
bicavailability of the inventive compounds was considerably
higher in compariscen to agomelatine, heing 44, 138, 71.3,

5108 and 1H3% {120, 121, 148, 142 and 143} compared o

NG

2.42% for agomelatine {(Table ©).
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(&)
TAZ~76
oo | TA2~ | TR2- | IA2- | IA2- | IA2-
VAFORET o0 | 121 1 140 142 | 143
latine}
TR} | 0.14% |0.237,0.178 0.296 |0.275 €.1B7
o . , ) . - .
e R11 | 1967 | 2052 | 1856 | 4129 | 2659
@ Mouse | (ng/ml]
& CL
& (el/min/| 116 | 31.2 | 29.4 0 18.8 | 10.3  25.5
&G k)
[
o Too ) | 0,295 |0.254 0.14 | 0.523 0,409 0,289
d
Rat (?I; .
(el/min/l 39,1 |48.153.3 0 26 | 16.6  29.8
ket )
{B}
Tmax(h) | 0.25 | 0.25 | 0.25 | 0.375 | 0.25  0.25
Tmax{ng . .
Can X%n9~”l 51.9 | 3405 | 6490 | SO10 | 7550 | 6915
Mouse '
AUClast (h* - e o -
. AUCLast (%1 o0 5l oqun | 765 | 6137 | 8285 | 9996
= gy /ml )
& Fo{%) 2.42 | 44 | 138 | 71.3 | 51.8 | 153
AUCLast (h* | . . . . N
velast 1025 | 554 | 3508 | 2435 10892 4049
- ng/mi)
Hat = 55 3p
F (%) 22,61 15.2 | 112 | 36.5 | 108 [0

2.8 - Pharmacokinetics (PK} in Rat -~ I.V. and Oral

PK ftests were performed on Wistar-Han mice, using 4
animals per molecule tested, 2 animals for analvsis of 1.V,
pharmacokinetics and 2 animals for analvsis of oral PE., The
study lasted for 2 weeks {including acclimatlion time and
atudy!, in which the route of administration was made by
injection inteo  the caudal wveln and oral gavage. The
treatment was carried cut in & single deose: 1.V, group with
dose of Img/kg and Oral group with dose of 10mg/kg. The
vehicle consistad of 5% DM3Q, 30% PEG4AL0 and 65% water.
Clinical obssrvations were made twice a day {morning and

afternoon; in the pre-dose at the 08 time peints defined in
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the protocol. Riood c¢ollection was performed after
suthanasia in the pre-dose animals at (8 defined time
peints and at 24 hours post-dese. The pharmacokinatic
analysis parameters detected for Group IV were: haif-life

{(t1/2), drug concsntration st  time zZero {COY, last

measurable plasma concentration (AUClast), area undsr the
plasma concentration curve extrapolation percentage

{AIC%axt), arga under the plasma congentration ocurve

extrapolation fte infinity {(AUCInI), wolume of distribution
(Vzi, steady state wvolume of distribution (Vszs}, olearance
{CL) and mean residence Cime (MRTY . The parameters

evaluated for the Cral group were: biloavailabllity {F%,
maximum concentration reached {CmaxX), time fto reach maximum
plasma concentration {Tmax}, last measurvablis plasma
concantration {AUClast} area under the rlasma
concentration curve extrapolatlion percentage (AUCE ext),
area under the plasma oconcentration curve extrapclation to
infinity ({(RUCinf}, arez under the plasma concentration
curve ezxtrapelation to infinity versus dose (AUCInE/Dosel,
half-~Life {(t1/7/2), and mean residence tims (MRT).

Following intravenous administration in rats, 1t was
ohgerved that the hali-~lives of ceompounds 120, 121, 140,
. 143 and agomelatine were §.254, 0.14, 0.523, 0.40%,
83 and 0.2%5h. And the clearance of the same compounds
was 48.7%, 53.3, 25, 1%6.06, 2%.3 and  3%.iml/min/kg,
respectively. Furthermcre, after oral administration to
rats, oompounds 120, 121, 140, 142, 143 and agomelatine

showed a last measurable plasma concentration (AUllast) of
554, 3508, 2435, 108%2, 4049 and 1025h*ng/ml, respectively,

and biloavalillability of 15, 8, 112, 3¢.5, 148, 72.3 and
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22.6%, respectively {Table &). Thus, some of the inventive
compounds also demonstrated higher pharmacckinetic

arameters than agomelatine in Wistar-Han rats.
e .
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Claims

1. A COMPOUND characterized by having the general formula

(IT)
0]
ym
—N
/\‘((:P*Z)p A N
o / Re
N
X,
N (CHZ)n_CHS (II)
wherein
X is an oxygen atom;
A represents a linear alkyl C,_4group which may have one or

more of its hydrogens replaced by an alkyl group selected from
methyl, ethyl, propyl or isopropyl;
R represents an alkyl Ci_gor alkenyl C,_¢or alkynylC,_ 4 or

haloalkyl Ci_gor cycloalkyl Cs_¢or Ci;_p—alkyl cycloalkyl-Cs_4 group;

Ry represents a hydrogen or an alkyl Cj_sgroup;
n is 0 or 1;
P is 1 or 2.

2. THE COMPOUND, according to claim 1,characterized in
that the compound of the general formula (II) is selected from
the group consisting of:

— —-N-(2-(2-ethoxy-7,8-dihydro-1H-benzofuran[4,5-d]imidazole-1-
yl)ethyl)acetamide;

— —-N-(2-(2-methoxy-7,8-dihydro-1H-benzofuran(4, 5-d]imidazole-
l-yl)ethyl)acetamide.

3. PROCESS FOR OBTAINING THE COMPOUND of general formula
(IT), characterized for comprising the following steps:

(a) reacting a compound of formula (IX)
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with an tetraalkylorthocarbonate selected from the group
comprising tetramethylorthocarbonate and tetraethyl

orthocarbonate, to obtain a compound of formula (X)

va

O
[~(CHp)p AN
o N

)—0
N

“(CHy),-CHs

Ro
(X)

wherein R,, ™“n” and “p” are as described for the compound of
general formula (II)
(b) reacting the compound of formula (X) obtained in step (a)

with a deprotecting agent to obtain a compound of formula (XI)

/~(CHy), A/N
Kj o
MCH)n"CHs (1)

(c) reacting the compound of formula (XI) obtained in (b) with

a carboxylic acid anhydride of formula (IV)
O O

A

or with a carboxylic acid halide of formula (V)

to obtain the compound of formula (IIa),

O>/ R,
/~(CHy), A—N
0 N/

)—0

N (CHp)\"CHg

Ro

IIa),

wherein Ri;lis as described for the compound of formula (II) and

Xirepresents a bromine or chlorine atom;
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(d) reacting the compound (IX) with thiourea obtaining the

o -

S, AN

compound of formula (XII)

Ro

N
)—SH
N

(XII);

(e) reacting the compound of formula (XII) obtained in step (d)

with an alkylating agent obtaining the compound (XIII)

@)
o
/~(CHzp A~
O N

/>— o
N (CHZ)n_CHS (

R>

XIITI)

A\Y ”

wherein “n” is as described for the compound of formula (II);
(f) reacting the compound obtained in (e) with a deprotecting

agent to obtain a compound of formula (XIV)

H
/~(CHz)y AN
3 J R

0]

z N
N (CH3)n-CHy

(XIV) ;

(g) reacting the compound of formula (XIV) with a carboxylic

acid anhydride of formula (IV)

A

or with a carboxylic acid halide of formula (V)
O

M

X Ry,



94

to obtain the compound of formula (IIb):

0>/R1

/~(CHz)p A~ N,

0 \ Rz
/>— 0
N

\(CHZ)n_CHS (IIb) .

4. PROCESS FOR OBTAINING THE COMPOUND of general formula

(IIa)

OY R,

O/\(CHz)p A N,

Ry
N>_

,—0

N “(CHp),-CHj

characterized for comprising the following steps:

(a) reacting a compound of formula (IX)

with an tetraalkylorthocarbonate selected from
comprising tetramethylorthocarbonate and

orthocarbonate, to obtain a compound of formula (X)

0
e

/~(CHp)p /A/N\
0 N

)—0,
N

R
(CHa)CHs ()

wherein R;, n is 0 or 1; p is 1 or 2;

the group

tetraethyl

(b) reacting the compound of formula (X) obtained in step (a)

with a deprotecting agent to obtain a compound of formula (XI)
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H

_N

CH AN
o/\( 2o R,

N
»—0,

N (CH2)n-CH3 (1)

(c) reacting the compound of formula (XI) obtained in (b) with

a carboxylic acid anhydride of formula (IV)
O O

A

or with a carboxylic acid halide of formula (V)

wherein R; is as described for the compound of formula(II) and
X1 represents a bromine or chlorine atom.

5. PROCESS FOR OBTAINING THE COMPOUND of general

07\/ R,
[~(CHz) A~ N,
N

formula (IIb)

R

o

/
N \(CHz)n_CHs

characterized for comprising the following steps:

(d) reacting a compound of formula (IX)

with thiourea obtaining the compound of formula (XII)
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o\>_(}L

—N
CH AN
O/\( 2)p / R2

N
)— OH
N (XII);

(e) reacting the compound of formula (XII) obtained in step (d)

with an alkylating agent obtaining the compound of formula (XIIT)

@)

o

/~(CHa)y AN
N

7=
N (CHp),-CHj (

R>

XTIIT)

wherein n = 0 or 1;
(f) reacting the compound obtained in (e) with a deprotecting

agent to obtain a compound of formula XIV:

Fi
/~(CH)p AN

N

/>—o

N (CHp),-CHj

R>

(XIV) ;

(g) reacting the compound of formula (XIV) obtained in (f) with

a carboxylic acid anhydride of formula (IV)
O O

A

or with a carboxylic acid halide of formula (V)

6. A PHARMACEUTICAL COMPOSITION characterized by
comprising:

a) at least one compound of formula (II):
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OY R,
/~(CHa), /A/N\
O N

X,

N (CH),-CHg

R

(IT)
wherein
X corresponds to an oxygen atom;
A corresponds to a linear alkyl C,-4, group, which may have one

or more of its hydrogens substituted by an alkyl group selected
from methyl, ethyl, propyl or isopropyl;

R, is an alkyl Ci;-4, or alkenyl Cj.6, or alkynyl C,4, oOr
haloalkyl Ci-¢, or cycloalkyl Cs-4, or Cir—alkyl-cycloalkyl Cs_¢
group;

R, is a hydrogen or a alkyl C;_3 group;

n is 0 or 1;

P is 1 or 2, and

b) pharmaceutically acceptable vehicle.

7. PHARMACEUTICAL COMPOSITION, according to claim 6,
characterized in that the compound of formula (II) is selected
from the group consisting of:

- N-(2- (2-ethoxy—-7,8-dihydro-1H-benzofuran[4, 5-d] imidazole-
l-yl)ethyl)acetamide;

— N-(2- (2-methoxy-7, 8-dihydro-1H-benzofuran[4,5-d] imidazole-
l-yl)ethyl)acetamide.

8. USE OF THE COMPOUND of formula (II), according to claim
1, characterized in that it is for the manufacture of a drug for

the treatment of psychiatric disorders and/or sleep disorders.



