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COMPOUNDS, PROCESS FOR OBTAINING THE COMPOUNDS, 

PHARMACEUTICAL COMPOSITION, USE OF THE COMPOUNDS AND METHOD 

FOR TREATING PSYCHIATRIC DISORDERS AND/OR SLEEP DISORDERS 

Field of the Invention 

The present a.nvention relates to novel and inventive 

pharmacologically 	active 	benzimidazoie 	derivative 

compounds, which have affinity for melatonergic receptors, 

specially MT1 and MT2, showing high bioavailability and 

decreased drug-drug interaction potential. Novel and 

inventive routes of synthesis are also described for these 

compounds, 	well as pharmaceutical compositions 

comprising these compounds and their use in the treatment 

of individuals affected by psychiatric disorders and/or 

sleep disorders related to such receptors, such as 

depression, anxiety, insomnia and circadian cycle 

disorders. The present invention is in the field of 

pharmacy, medicine and chemistry. 

Background of the Invention 

According to the World Health Organization (WHO) 

estimates, over 350 mialion people worldwide suffer from 

depression. According to this estimate, depression is 

common in every region of the world and it l.s related to 

social, psychological and biological factors, and may be 

associated with other disorders such as anxiety and sleep 

disorders. The earlier a treatment for these disorders is 

started, the more efficient it is. From the biological 

stand point, several treatments are now being used and each 

of them has advantages and disadvantages, as described 

below. 

One of the treatments for psychiatric disorders and 
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sleep disorders is the simulation of the 

effects of melatonin. Melatonin is a natural hormone widely 

present in a variety of organisms, such as bacteria, 

unicellular algae, fungi, 	ant 	vertebrates and mammals, 

following the circadian rhythm, 

concentration at night (Zlotos, 

E., Rivara, S., & Witt-Enderby,  

educed 

ad stream 

reaching a high plasma 

cockers, R., Cecon, 

P. A,. (2014). MT1 and MT2 

including humans. In mammal melatonin is mainly p 

by the pineal gland a d released into the bi 

melato in receptors: ligands, models, oligomers, and 

therapeutic potential. journal of Medicinal chemistry, 

57(8), 3161-3185.). 

The physiological effects of melatonin are mediated 

the activation of G protein-coupled melatonergic receptors, 

which have been named MT1  and MT2. Both receptors are 

present in mammals, including h,imans. Melatonin has a 

variety of activities, including chranobictic, hypnotic,  

antioxidative, oncostatic, Wmmunoregulatory activities and 

it is also linked. to the reproductive cycle management, 

aontro]]thg the onset of puberty. Its contribuLion in the 

regulation of human mood and behavior has arisen 

significant clinical attention. Deficiencies in melatonin 

production or in the expression 
	

its receptor 	well 

as changes in rhythm nd range 	melatonin secretion, have 

shown importance in breast cancer, neurodegenerative 

diseases and in Parkinson's and Alzheimer 	diseases, in 

addition to some neurological disorders in children, 

conditions such as chronic insomnia and sleep disorders 

related to the circadian cycle. However, although widely 

available, commerciaa melatonin has an unfavorable 
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pharmacokinetic profile due to its high first pass 

metabolism, very short half-life and high pharmacokinetic 

inter-individual variability,  

Recently, the implication of melatonin in 

neuropsychiatric disorders, such as major depressive 

disorder, has arisen special attention due to the 

development of the molecule agomelatine, a melatonergic 

agonist that targets MTI and MT2 receptors. (V. o inivasan, 

Amnon Brzezinski, SukruOter and Samu 1 D. Shillcutt, In 

Melatonin and Melatonergic Drugs in Clinical Practice -

'2014J' Ed. - pq.  v). 

Agomelatine and ramelteon are two examples of 

commercially available melatonergic compounds; 

considered effective, present non optimal pharma 

for oral drugs, as explained below. Agomelatine, 

in the document LY 0 447 285 by Andrieux et al-

compounds of general formula: 

aith 

°kinetics 

described 

describes 

RO 

0 
H 

CH02 ---C-R2  

Ri  

which are useful in the treatment of central nervous system 

diseases. Similarly, US patent 6,034,239 by Ohkawa et al, 

describes ramelteon as part of the compounds of general 

formula: 

wherein Ri is an optionally substituted hydrocarbon group, 

an optionally substituted amino group or an optionally 

substituted heterocyclic group; R2 represents a hydrogen or 
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an optionally substituted hydrocarbon. group; R3 represents 

a hydrogen atom, an optionally substituted hydrocarbon 

group or an optionally substituted heterocyclic group; X 

represents CHR4, NR4, 0 or S, wherein R4 represents a 

hydrogen atom. or an optionally substituted hydrocarbon 

group; Y is C, CH or N, provided that when X is CH2, Y is iW 

or CH; the dashed line represents a single or double bond; 

A represents an optionally substituted 	to 7-membered 

oxygen-containing heterocyclic ring; ring B represents an 

optionally substituted benzene ring and m represents a full 

figure from 1 to 

Aa melati 	and came'Wean have appropriate oral 

absorption. However, both compounds undergo extensive 

hepatic (or first pass) metabolism, resulting in low 

absolute bioavailabilities, which are estimated to be 1% 

for agomelatine and 1.8% for rameiteon (respectively: 

Valdoxan - Product information - Australia, and Pandi-

Perumal et al. Pharmacotherapy of insomnia with ramelteon: 

safety, efficacy and clinical applications, Journal of 

Central Nervous System Disease 2011, 3, 1-65). The low 

bioavailability due to extensive metabolism leads to highly 

variable p arma °kinetic profiles for both drugs among 

individuals. The main metabolite of ramelteon, which is 

characterized by hydroxylation of the secondary carbon in 

the R1 group, is also active and, therefore, the action of 

the drug depends on its metabolism, which compromises drug 

efficacy due to the population het.ero1geneity, 

Bi availability is one of the most important 

properties in oral drugs. A high oral bioavailability  

allows a reduction in dose, enough to achieve proper 

pharmacological effect, reducing the risk of side effects 
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and toxicity. A low bioavailability may result in low 

efficacy and high inter-individual variability, which may 

trigger unpredictable responses to the drug. 

Therefore, if we only consider the unmet need for new 

drugs for psychiatric disorders and/or sleep disorders 

along with the bioavailability problems already described 

for the commercially available melatonergic agonists, it is 

possible to observe the need. for development of new drugs 

that overcome these disadvantages. In addition, some 

melatonergic agonists, such as agomelatine, show additional 

disadvantages specially in relation Lo drug interaction and 

hepatotoxicity, as explained below. 

Agomelatine tends to interact with proteins naturally  

involved with the metabolism of xenobiotic compounds, such 

as liver cytochrome enzymes (CYP450). Around 90% of 

agomelatine is metabolized in the liver by the P450 

cytochrome 1A2 (CYP1A2) enzyme and 10% by cytoch omes 

CYP2C9 and CYP2 19, with a high first pass metabolism, as 

previously mentioned. One possible metabo]ii-e 

agomelatine is 3,4-epoxide, which is highly reactive and 

can covalently modify important proteins, probably being 

responsible for liver toxicity. 

As it is a CYP1A2 substrate, the concomitant 

administration of agomelatine with other drugs that 

interact with this isoform (such as fluvoxamine and 

ciprofloxacin) is not recommended, as described in the 

package leaflet for the reference drug for agomelatine, 

Valdoxan. Since these drugs are potent inhibitors of 

CYP1A2, their concomitant administration with agomelatine 

inhibits its metabolism and may lead. to elevated plasma 
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concentrations. 

According to a recent statement issued by the European 

Medicine Agency (E MA), other drugs that are moderate 

inhibitors of CYP1A2, such as propranoloi, and CYP1A2 

inducers, such as rifampicin, also should not be 

administered concomitantly with agomelatine since they 

alter its metabolism, which may lead to liver toxicity 

(specially in the case of inducers). In addition, the fact 

that agomelatine metabolism is dependent on CYP2C9 and 

CYP2C19, two highly polymorphic proteins in the population, 

makes the metabolism of this drug highly variable in 

patients, which leads to an additional risk. 

Thus, there is an evident need for the development of 

new drugs that overcome agomelatine bioavailabili 7  issues, 

and are also capable of reducing potential adverse effects 

related to liver metabolism. Therefore, there is a great 

interest in the development of synthetic molecules 

targeting the melatonergic system and that are more 

suitable for patients. Particularly, drugs from this class 

that do not interact with CYP enzymes, specially CYP1A2, 

would provide therapeutic and safety advantages for 

patients. (Mor, M. et al. Recent advances in the 

development of melatonin MT(l) and MT(2) receptor agoni.'ts. 

Expert Opinion on Therapeutic Patents 2010, 20(8), 109-

1077) 

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 invention. 



WO 2018/076090 
	 7 	 PC T/BR2017/050320 

Several of these ligands have been designed comprising 

the bicyclic indole ring substitution present in melatonin 

with other bicyclic or non-bicyclic bioisosteric rings, 

such as naphthalene, benzofuran, benzothiophene, 

benzoxazole, indane, tetralin, quinoline, phenyl, among 

many others, without considerable detriment to the high 

affinity to receptors. The wide variety of the bioisosteric 

indole nuclei described i.n the state of the art seems to 

indicate that the nature of the aromatic ring type of 

different ligands is less relevant for the affinity with 

melatonin receptors  

An exception to this rule is observed when the 

bicyclic nucleus of the ligand, e.g. melatonin indolic 

nucleus, is substituted by a benzimidazole nucleus. In this 

case, a decrease 	the affinity for the melatonergic 

receptors is observed in comparison to ligands comprising 

other nuclei (Zl t s, DP, Jockers, R., Cecon, E., Rivas, 

S., & Witt-Enderby, PA, - MT1 and MT2 melatonin receptors: 

ligands, models, oligomers, and therapeutic potential 

Journal of Medicinal Chemistry, 57 (8) , 3161-3185 Zlotos, 

DP (2005) Recent advances In melatonin receptor ligands 

Archly Der Pharmazie (Weinheim), 338(5-6), 229-247; Cathy 

D. Mahle, Katherine S. Takaki and A. John Watson in Annual 

Reports in Medicinal Chemistry vol. 32, pg. 36 e Melatonin 

and Melatonergic Drugs in Clinical Practice 	V. 

Srinivasan, Amnon Brzezinski, SukruOter and Samuel D, 

Shilicutt, 2014th Ed. - pg. 99). 

Although many compounds with high affinity for 

melatonin receptors have been described to date, references 

of compounds which have affinity and which show a 
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benzimidazole type bicyclic ring as central nucleus are 

remarkably rare. The main references related to derivatives 

containing a benzimidazole nucleus are described below. 

In US patent 5276051, along with its divisions US 

5308866 and US 5380750, Lesieur et al. describe melatonin 

agonist compounds comprising various types of bicyclic 

rings, among them, indole, benzothiophene, benzimidazole, 

benzoisoxazole, benzoisothiazole and indazole. In this 

document, the compound shown in example 57 is Ne[2-(6-

methoxybenzimidazol-1-y1)-ethyl]acetamide, corresponding to 

the melatonin analogue in which the indole nucleus is 

substituted by benzimidazole. Although this document does 

not disclose detailed information regarding affinity for 

the described compounds, the affinity of the compound in 

example 57 was published in a later study, where different 

melatonin analogs were analyzed for their affinities. Under 

assay conditions, the affinity of this benzimidazole 

derivative was found to be approximately 3,200 times 	w -r^ 

than melatonin affinity (Depreux, P., Lesieul-, D., Mansour, 

H. A., Morgan, P., Howell, H. E., Renard, P., et al. (1994) 

Synthesis and Structure-Activity Relationships of Novel 

Naphthalene and Bioisosteric Related Amidic Derivatives as 

Melatonin Receptor Ligands Journal of Medicinal Chemis yf 

37 (20), 3231-3239; P.A. Witt-Enderby, P-K. Li, Vitamin and 

Hormones, 2000, 58, 321-354). 

Depreux et al (Synthetic 	unications 1994, 24 (15), 

2123-2132) describe melatonin-like benzimidazole compounds 

that were also described in US patent 5260051. Among 

synthesized compounds, it is the abovementioned 

benzimidazole analogue of melatonin, In, this document, no 
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data regarding uhe affinities of these compoundE  

melatonin receptors are reported. 

In patent US5496826 are described compounds 

formula: 
X 	 NHCpg 

y 

wherein R=H or C1-4 alkoxy; X-CH or 	 Z=C1-4 

alkyl, C3-6 cycloalkyl, C2-3 alkenyl, NH2, C1-4 aikylamino, 

or C1-4 alkoxyalkyl, except that Z cannot be CH3 when R-H, 

X.-CH and y-NH and Z cannot be CH3 when R-H, X-N and y=NH 

and NHC(0)7, 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 mentioned as state of the art 

and can be found in: EP 0 506 539, WO 1997/11056, 

W099/62515, W095/17405, US5856529, US 6211225. 

However, all compounds described in the state of the 

art. usually do not have good affinity to melatonergic 

receptors, making them less suitable for therapeutic use. 

Thus, the present invention addresses this aap with 

novel compounds comprising benzimidazole nucleus with novel 

and inventive substituents. In these compounds, the carbon 

between the nitrogen of the benzimidazole ring is bonded to 

an oxygen or sulfur atom, followed by an alkyl chain. These 

compounds have high affinity for the melatonergic receptors 

MT1 and MT2 and have low affinity for the CYP4 0 complex 

enzymes. Thus, these compounds show a promising 

pharmacokinetic profile, with high bioavaiiability; 
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additionally, it is possible to avoid liver problems, 

including those resulting from drug interactions. The 

compounds of +-.he present invention are useful in the 

treatment of subjects affected with psychiatric disorders 

and/or sleep disorders mediated by or associated with these 

receptors, such as disorders related to sleep and circadian 

cycle, jet lag, chronic insomnia and/or psychiatric 

disorders such as major depressive disorder, seasonal 

depression, and anxiety. 

Based or a literature survey, no documents were found 

anticipating or suggesting the findings of Lhe present 

invention, so that the technical solution here proposed has 

novelty and inventive activity compared to the state of the 

art. 

Summary of the Invention  

In one aspect, the present invention relates to novel 

and inventive pharmacologically active be zimidazole 

derivative compounds with high n.Loavailability and reduced 

drug-drug interaction effects. More specifically, they have 

high affinity for mei.atonin MT.. and MT2 receptors and have 

no affinity for CYP enzymes, specially CYP1A2. The method 

for obtaining the route of synthesis for these compounds, 

pharmaceutical compositions and their use in the treatment 

of individuals affected with psychiatric disorders and/or 

sleep disorders are also described. 

Therefore, it is the first object of the present 

invention to provide the compound of general formula (I): 



X 
CH2)-CH3  

(I) 
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R2 

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear alkyl group of C2-4 which may have 

one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopropyl; 

R1 is a CI-6 alkyl group, or C2-6 alkenyl, or C2-6 

alkynyl, or C1-6 haloalkyl, or C3-6 cy loalkyl, or C1-2 

alkyl-C3-6 cycloalkyl: 

R2 	represents a hydrogen oA a CI-3 aA.kyl group; 

R3 represents a hydrogen or a halogen atom; 

R4 	is a CI-6 alkyl group; 

n 	is O or I. 

It is also an object of the pres=ent invention the 

compound of general formula (II): 

°),R 

0 
i-(CH2)p 
	N 

R2 

x 
\ (CH -CH3  

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear alkyl group of C2-4 which may have 

one or more hydrogens substituted by an alkyl group 



R20 H 
" 	R1  

4 

N 
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selected from methyl., ethyl, propyl or isopropyl; 

R1 is a CI-6 alkyl group, or C2-6 alkenyl, or C2-6 

alkynyl, or C1-6 haloalkyl, car C3-6 cycloalkyl, or Cl-2 

alkyl- 3 6 cycloalkyl; 

R2 represents a hydrogen or a C1-3 alkyl 

n 	is 0 or 1; 

p 	is 1 or 2. 

A further object of the present invention is a process 

of obtaining the compound of general formula (I), 

comprising the following steps: 

(a) reacting 	a compound of formula (III) 
R2 

N-A-4J11 

N 

with a carboxylic acid anhydride of formula (IV) 
0 0 

( IV) 

or with a carboxylic acid halide of formula (V) 
0 

(V), 

whereinR1, R2 and R4 are as described for the compound of 

general formula (I) and. X1 is a halogen selected from the 

group comprising chlorine and bromine, to obtain a compound 

of formula (VI) 

( VI ) 

(b) reacting the compound (VI) obtained in step (a) with a 

reducing agent to obtain the compound of formula (VII) 



NH2  (VII) 
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) reacting th.e c,mpound (VII) obtained in step (b) with 

tetraalkylorthocarbonate selected from the group 

comprising the tetramethylortho,-arbonate and tetraet: 

orthocarbonate, :o obtain the compound ref formula (la) 

wherein R3 represents a hydrogen atom and 	represents  

zero or one. 

In addition to the aforementioned step, the process 

for 	obtaining the compound of genera l formula (I) can 

further comprise the step of: 

(d) reacting th.e compound of formula (Ia) obtained in step 

(c) with a haloaenating agent selected from the group 

comprising N-bromosuccinimide, N-chlorosuccinimide and N-

iodouccinimide, to obtain the compound of formula (Ia), 

wherein R3 represents a halogen selected from the group 

comprising bromine, chlorine and iodine. 

In another embodiment, the process of obtaining the 

compound of. general formula (I) of the present invention 

comprises the steps of: 

(a) 	reacting the compound of formula (III) 
R2 

H 
N—A—NH 

NO2  
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with a carboxylic acid anhydride of formula (IV) 
0 0 

R1  '0 	
( IV) 

or with a carboxylic acid halide of formula (V) 
0 

wherein RI,, R2 and R4 are as described for the compound cf 

formula (I) and X1 represents a halogen selected from the 

group comprising chlorine and bromine, to obtain a compound 

of formula (VI) 
R20 

H 	; H 

NO2 (VI), 

(b) reacting the compound (VI) obtained in steo ( 	with a 

reducing agent to obtain the compound of formula (VII) 

R20 

4 

NH2 	(VII) 

(e) reacting the compound (VII) obtained in step (h) with 

thiourea in order to obtain t e compound. (VIII) 

(VIII) 

wherein R3 represents a. hydrogen atom; 

(f) reacting the compound (VIII) obtained in step (e) with 

an alkylating agent to obtain the compound of formula (ib) 
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/ 	A2  
,N 

S 

	

N 	N(C1-12),--CH3  
(Ib), 

wherein R3 represents a hydrogen atom and 	represen 

zero or one; 

(g) reacting the compound of formula (Ib) obtained in step 

(f) with a halogenating agent selected from the group 

comprising N-bromosu cinimide, N-chlorosuccinimide and N-

iodosuccinimide, to obtain the compound of general formula 

(Ib) wherein R3 represents a halogen selected. from the 

group comprising bromine, chlorine and. iodine. 

Another object of the present invention is the process 

for obtaining the compound of general formula (II) 

comprising the following steps: 

reacting the compound of formula (IX) 

rICHOpH 	72 9 
,N A N 	 

NH2 	 (IX) 

with a tetraalkylorthocarbonate selected from the group 

comprising tetramethylorthocarbonate and tetraethyl 

orthocarbonate, to aive a compound of formula (X) 

wherein R2, 	and 	are as described for the compound 

of formulae (I) 	(11) ; 
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(b) reacting the compound of formula (X) obtained in step 

with a deprotecting agent to obtain a compound of 

formula (XI) 

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

(b) with a carboxylic acid anhydride of formula (IV) 
0 0 

( IV) , 

or with a carboxylic acid halide of formula (V) 
0 

to obtain the compound. of formula. (IIa 

wherein R1 is as described for the compound of formula (II) 

and XI represents a bromine or chlorine atom; 

(d) reacting the compound of formula (IX) 

p-(CHOpH  
N A N 

NH2  ( IX) 

with thiourea, obtaining the compound of formula (Xli) 
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(e) reacting the compound of formula (XII) obtained in 

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

formula (XIII) 

XIII) 

wherein n" is as described for the compound of formulae 

(I) or (II); 

(f) reacting the compound obtained in (e) with 

deprotecting agent to obtain a compound ')f. formula XIV: 

H 

ficHO A— N,
2  

s, 	 (XIV) 
(CH2),--CH3  

(g) reacting the compound of formula (XIV) obtained 

with a carboxylic acid anhydride of formula (IV) 
0 0 

1  ( IV) , 

or with a carboxylic acid halide of formula (V) 
0 

) 

to obtain the compound of formula (IIb): 
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ir-qc.H2)p 	•R2 
N 

	

/ 	S 

	

N 	CH2in 

A further object of the present invention is a 

pharmaceutical composition characterized for comprising a 

compound of general formula (1) 

a) 

A N 

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear alkyl group of. C2-4 which may have 

one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propel or isopropyl; 

R.L. 	represents a C1-6 alkyl group, or C2-6 alkenyl, or C2- 

6 alkynyl, or C1-6 haloalkyl, or C3-6 cycloalkyl, 	C1-2 

alkyl-C3-6 cycloalkyl; 

R2 	represents a hydrogen 	C1-3 alkyl group; 

R3 represents a hydrogen or a halogen atom; 

R4 	represents a C1-6 alkyl group; 

n 	is 0 cr 1; and 

b) at least one pharmaceutically acceptable vehic=e.  

A further object of the present invention is 

pharmaceutical composition characterized for comprising 

compound of general formula (11): 



A—R 
R 

I) 
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(a) 

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear C2-4 alkyl group which may have 

one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopropyl;  

RI is a C1-6 alkyl group, or C2-6 alkenyl, or C2@6 

alkynyl, or C1-6 haloalkyl, or C3-6 cy loalkyl, or C1-2 

alkyl- -6 cycloalk 1; 

R2 	represents a hydrogen or a C1-3 alkyl groups 

n 	is 0  or 1; 

p 	is 1 or 2; and 

b) at least one pharmaceutically acceptable vehicle. 

In addition, a further object of the present invention 

is the use of the compound of general formula (I) 

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear alkyl group of. C2-4 which may have 

one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopropyl,  
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R1 	represents a C1-6 alkyl group, or C2-6 alkenyl, or C2- 

6 alkynyl, or CI-6 	oalky 	r C3-6 cycloalkyl, or Cl- 

alkyl-C3-6 cycloalkyl; 

R2 represents a hydrogen or a C1-3 alkyl group; 

R3 represents a hydrogen or halogen atom; 

R4 	represents a C1-6 alkyl group, 

n 	is O or 1; 

in the manufacture of a drug for the treatment of 

psychiatric disorders and/or sleep disorders. 

In addition, a further object of the present invention 

is the use of the compound of general formula (11): 

wherein 

X 	represents an oxygen. or sulfur atom; 

A 	represents a linear alkyl group of C 2-4 which may 

have one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopr py 

R1 represents a CI-6 alkyl group, or C2-6 alkenyl, or C2-

6 alkynyl, or Cl-6 haloalk , or C3-6 cycloalkyl, or C1-2 

alkyl-C3-6 cycloalkyl; 

R2 represents a hydrogen or a C1®3 alkyl group;  

n 	is 0 or 1; 

p 	is I or 2, 

in the manufacture of a drug for the treatment of 

psychiatric disorders and/or sleep disorders. 
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Another object of the present invert 
	

is a method 

treating psychiatric disorders and/or sleep disorders, 

which comprises in administering to a mammal a 

therapeutically effective amount of the compound of general 

formula(1): 

wherein 

X 	represents an oxygen or sulfur atom; 

represents a linear alkyl group ofC2-4   which may have 

one or more hydrogens substituted by an a.l.kyl. group 

selected from. methyl, ethyl, propyl or isopropyl 

R1 	represents a CI-6 alkyl group, or C2-6 alkenyl, or C2- 

6 alkynyl, or CI-6 haloalkyl, or C3-6 cycloalkyl, ar C1-2 

 cycloalkyl; 

R2 represents a hydrogen or a C1-3 alkyl group; 

R3 represents a hydrogen or a halogen atom; 

R4 represents a CI-6 alkyl group, 

n 	is 0 or 1, 

Another object of the present invention is a method of 

treating psychiatric disorders and/or sleep disorders, 

which comprises administering to a mammal a therapeutically 

effective amount of the compound of general formula (II): 
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( I ) 

wherein 

X 	represents an oxygen or sulfur atom; 

A 	represents a linear alkyl group of C 2-4 which may 

have one or more hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopropyl;  

R1 represents a C1-6 alkyl group, or C2-6 alkenyi, or C2- 

0 a kynyl, 	C1®6 hai-alky S r C3-6 cycloalkyl, or C1-2 

alkyl- -6 cycloalk 1; 

R2 	represents a hydrogen or a C1-3 alkyl. group; 

n 	is 0  or 1; 

p 	is 1 or 2. 

Detailed Description of Figures 

Figure 1. Calculation of pKa values for b nzimidazole (A) 

and its derivative substituted with a methoxy group at the 

2-position of ring (B). 

Figure 2. Example of the process for obtaining the compound 

of general formula (I), including compounds of formulae 

(Ia) and (Ib). 

Figure 3. Example of the process for obtaining the compound 

of 	the general formula (II) , including compounds of 

formulae (Ma) and (III)). 

Detailed Description of t e Invention 

The reduced melatonergic activity of benzimidazole 

analogs previously reported in the literature has been 

improved in the compounds of the present invention  
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This improvement could be explained by the addition of 

electron withdrawing substituents at the 2-position of the 

ring, which increases the population of molecules in a non-

ionized form and mimics the neutrality of the indole 

present in the melatonin molecule, a natural agonist of 

melatonergic receptors. 

Affinity differences between indolic and benzimidazoie 

derivatives could be explained by analyzing the stabili 

of the conjugated acids of the benzimidazole system, i.e., 

by analyzing pKa values and the populations of molecules 

that are neutral or protonated (positive charge) at pl1=7 

This is because, in the case of melatonin, a melatonergic 

agonist with high affinity for MTI and MT2 receptors, it 

would be expected that 100% of the population of molecules 

in solution would be in the neutral form since it is a non-

ionizablemolecule at pH- 7. In addition, by analyzing the 

ring structures of other potent agonists of melatonergic 

receptors MT1 and MT2, such as Ramelteon, one can also 

observe the majority of the neutral for in these 

structures. Thus, for benzimddazole derivatives, lower pKa 

values could better mimic the observed neutrality for 

melatonin, and consequently have higher affinity for MT1 

and MT2 receptors. 

If an unsubstituted benzimidazole derivative is 

protonated (generating its conjugate acid), the entire 

system delocalizes the electron density through the pi 

orbitals in order to stabilize the positive charge in the 

ring. I.n the case of unsubstituted benzimidaz 	this 

results in a pKa value slightly above 6 (J. Org. Chem., 

1961, 26 (8), pp 2789-2791). In other words, a. significant 
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population of protonated species with positive formal 

charge exists at pH= 7. However, if the benzimidazole 

derivative is substituted at the 2-position of the ring 

with an electron withdrawing group, the substituted 

derivative would have an electron withdrawal caused by 

inductive effect 
	

the benzimidazole ring, thus causing a 

greater destabilization of the protonated form and a 

greater population of molecules in the neutral form. This 

factor would lower the pKa value of the benzimidazole 

derivatives substituted with an electron withdrawing group, 

Indeed, calculation of the pKa values for the conjugatc,d 

acids of the benzimidazole ring and its derivative 

substituted with a methoxy at the 2-position of the ring 

demonstrated a lower pKa for the latter. The values were 

obtained using the programs Epik (J. Comput. Aided Mol, 

Des., 2010, 24, 591-604) and. Jaguar (Int. J. Quantum Chem., 

2013, 113 (18), 21102142), as shown in Figure 1. 

Based on this new and inventive premise of 

substitution of the benzimidazole nucleus at position 2 to 

obtain a more acidic molecule for the protonated species, a 

surprising result of a greater affinity for melatonergic 

receptors was achieved. A binding of 66% (in MT1) and 52% 

(in MT2) was observed with the unsub tituted benzimidazole 

derivative (1A2-116) and 100% (in MT1) and 	(in MT2) 

with the 2-methoxy-substituted benzimidazole derivative 

(IA2-118) (both at the concentration of luM). The binding 

improvement can be explained since, at neutral pH, there is 

a larger population of IA2-118 in the neutral form, as well 

as melatonin, 

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

 

 

/ 	R2  

 

(I) 

wherein 

X 	is an oxygen or sulfur atom; 

A 	represents a linear C2-4 alkyl group which may have 

one or more of its hydrogens substituted by an alkyl group 

selected from methyl, ethyl, propyl or isopropyl;  

RI represents a Cl-6 alkyl group, or C2-6 alkenyl, or C2- 

6 alkynyl, or CI-6 haloalky 	C3-6 cycloalkyl, or 

alkyl-C3-6 cycloalkyl; 

R2 represents a hydrogen or a Cl-3 alkyl group; 

R3 represents a hydrogen or a halogen atom; 

R4 	represents a C1-6 alkyl group, 

n 	is 	or 1 

and by its particular rea117atton where the su.hstituent -0-

R4 forms a third cycle through the substitution of a 

vicinal hydrogen in the benzene ring, which is represented 

by the general formula (Ii) 

n-CH3  (II) 

wherein 
	

2 and 
	

are as described for the 
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compound of general formula (I) and "p" represents I or 2. 

In order to clarify or elucidate the terms used in the 

present invention and their scope, more detailed 

definitions of the concepts presented in this document are 

shown. 

In the present invention, unless otherwise defined, 

the terms alkyl, haloalkyl, cycloalkyl, alkenyi and alkynyl 

include both branched and unbranched derivatives. 

The term alkyl refers to a straight or branched chain 

hydrocarbon which is fully saturated. Non-limiting examples 

of alkyls are: methyl, ethyl, propy 	butyl, pentyl, hexyl 

and isomers thereof. 

The terms alke yi and alkynyl correspond to straight 

or branched chain hydrocarbons containing unsaturation, 

alkenyls having at least one double bo nd and the alkynyls 

having at least one triple bond. Non-limiting examples of 

alkenyls and alkynyls are: ethenyl, propenyl, butenyl, 

pentenyl, hexenyl, ethynyl, propynyl, butynyl, pentynyl, 

hexynyl and isomers thereof. 

The term. haloalkyl corresponds to an alkyl group 

containing at least one of its hydrogens substituted by a 

halogen selected from the group comprising fluorine, 

chlorine, bromine and iodine. Iron-limiting examples of  

haloalkyls are: ohloromethyl, chloroethyl, chi ,.,propyl, 

chlorobutyl, 	bromomethyl, 	bromoethyl, 	bromopropyl, 

bromobutyl, 	fluorobutyl, 	fluoroethyl, 	fluoropropyl, 

fluorobutyl, 	trichlorometny i, 	trifluoromethyl, 

tribromomethyl, iodomethyl, iodoethyl, iodopropyl and 

isomers thereof 

The term cycloslkyl corresponds to fully saturated 
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monocyclic hydrocarbons Non-limiting examples are 

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 

The term alkyl-cycloalkyl corresponds to a C3-6 

cycloalkyl which is attached to a compound by an alkyl 

group comprising at least one carbon atom. 

The halogens pre.erably selected for use in the 

present invention correspond to fluorine, bromine, chlorine 

and iodine. 

All definitions of compounds described herein, in 

addition to possible variations in their chemical forms, 

also include their structural and physical modifications, 

including possible isomers, their polymorphic forms, 

solvates and hydrates or amorphous form. 

In specific cases where the compound of the present 

invention has asymmetric carbons, pure enantiomers, racemic 

mixtures thereof and possible diastereomers are included 

within the scope 	the present invention. 

In the event that the compound of the present 

invention shows cis-trans geometric isomerism. or E-Z 

isomerism, it is understood. that these ind. pendent or 

associated isomers are within the scope of this invention_ 

The preferred, but not limited, examples of the 

compound of general formula (I) include: 

N-(2-(2-ethoxy-5-methoxy-11I-benzimidazol-1-

yl)e hyl)acetamide; 

N-(2- (2-ethoxy-6-methoxy-1H-benzimidazol-1- 

)e 	propionamide; 

N--(2--(2---ethoxy-6-methoxy-111---benzimidazol-

yl)ethyl)butyramide; 
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.y1) ethyl) cyclopropane ca rboxam i de; 

- N- (2- (2 -ethoxy 6 

ethyl) cyclobu,aneoarboxamide; 

N- (2- (2-ethoxy-6-methoxy-1H-benz imida 

yl ) ethyl) cyclopentane carboxamide; 

- N- (2- (2 -ethoxy-6-methexy-1H-benznidazol-l-

yl) ethyl) cyclohexane carboxamide; 

- N- (3- (2 ---etho.xy--- 6 -methoxy-1H---benzimidazol-1---

y1.)propy1.) a ce tami de 

N- (3- (2, 6-dim e th oxy-1. 	z imida z ol -1. - 

.y1) propyl) acetamide; 

N- (2- (2, 6-dimethoxy-1H-benzimidazol-1- 

) ethyl) cetamide ; 

N- (2- (2, 6-dimethoxy- H-benzimidazo 7-1- 

yl) ethy )propionamide; 

- N- (2- (2, 6-dimethoxy-7  H-benzimidazol-1- 

y1) thy ) butyramide; 

N--- (I.- (2-Ethoxy-6---me 	 idazol- 1 yl)propan--- 

2 yl) a cetam lde 

2 -.Bromo -N-- (2- (2-e t h oxy- 6-m e h oxy-11.1-ben im Ida z 01- 

) ethyl) a ce taro 1.de ; 

N- (2- (6-methoxy-2- (methyl thio) -1H-benzimidazol-i- 

yl) ethyl) a cetarnicie; 

- N- (2- (5-.promo-2-ethoxy- methoxy-1H-benzimidazol-1-

y1) ethyl) acetamide; 

- N- (2- ( c-chloro-2-ethoxy-6-m thoxy H-benz imida zol -1- 

▪ ) ethyl) ace amide; 

N- (3-- ( -chi oro-2 --e Lhoxy---6-methoxy-1H-ben z imida 	-1-- 

y'.)7  ) propyl) acetamide ; 

(3-- (5---chloro-2, 6---dimethoxy-111---benzimidazol 
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yl)propyl) acetamide; 

- N- (2- (5-chlo o-2,6-dimethoxy-1H-benzimidazol-1-y ) 

ethyl) acetarnide; 

N-(2-(5-chlo o 2 ethoxy-6-methoxy H-benzimiciazol-1-

)e hyl) cyclopropane carboxamide; 

- N-(2-(7-chloro-2-ethoxy-thoxy 

hyl)acetamide 

The preferred, but not limited, examples of the 

compound of general formula. (II) include: 

N-(2-(2-ethoxy 7,8-dihydro-1H-benzofuran[4,5-

dlimidazol-1-yl)ethyl) -ceta-ilide; 

N-(2-(2-methoxy- ,8-dihydro-1H-benzo-uran(4, 

dlimidazol 1 -Methyl)acetamide. 

The compounds of general formulae (I) and (Ii) of the 

present invention have been synthesized according to 

Figures 2 and 3 shown in the present invention. 

According to Figure 2, the starting compound (III), 

obtained from a similar procedure to that described by 

Depreux (Synthetic Communications 1994, 24 (15), 2123-

2132), is acylated using anhydrides or carboxylic acids 

halides for the introduction of the RI substituens, 

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

compound (VI) is reduced to the intermediate (VII). The 

intermediate (VII) is cyclized using tetraalkyl 

orthocarbonates, such as tet ramethylortho carbonate and 

tetraethyl orthocarbonate, resulting in the compound of 

formula (la), wherein the substituent R3 corresponds to a 

hydrogen. The introduction of the halogen as substituent R3 

is performed in a subsequent step, by reacting the compound 

(Ia) with an N-halosuccinimide selected from. the group 
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comprising N-bromosuccinimide, N-chlo osuccinimide and N-

iodo uccinimide, resulting in the compound of formula (I a) 

wherein R3 is bromide, chlorine or iodine. 

Alternatively, the cyclization of intermediate (VII) 

with thiourea results in the formation of intermediate 

(VIII), which is alkylated using an alkylating agent for  

the formation of the c„,mpound of formula (Ib) where R3 

corresponds to a hydrogen. Similarly, the introduction of 

the halogen as substituent R3 is performed in a subsequent 

step by reacting the compound (Tb) with an N-

halosuccinimide selected from the group comprising N- 

bromo uccinimide, 	N-chlorosuccinimide 	and 

iodosuccinimide, resulting in the compound of formula (Ib) 

wherein R3 is bromide, chlorine or iodine. 

Figure S describes the obtainment of the compound of 

general formula (II)  According to this diag_am, the 

intermediate (IX 	obtained from a similar procedure o 

that described by Koike et al. (Journal of Medicinal 

Chemistry 2011, 	(12) , 4207-4218), is cyclized using 

tetraalkylorthocarbonates, 	 such 	 as 

tetramethylorthocarbonate and tetraethyl orthocarbonate, 

resulting in the intermediate (X). This intermediate is 

deprotected to result in the intermediate (XI), which is 

acylated using carboxylic acid anhydrides or halides for 

the introduction of the RI substituent, thereby obtaining 

the compound of formula (IIa). 

Alternatively, cyclization of intermediate (IX) with 

thiourea results in the formation of intermediate (XII), 

which is alkylated using an alkylating agent resulting in 

the intermediate (XIII). Then, the intermediate (XIII) is 



) reacting of a compound of formula(III) 

N—A—NH 

(TIT 
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deprotected and acylated with carboxylic acid anhydrides or 

halides .For the introduction of the R1 substituent, thereby 

obtaining the compound of formula(IIb). 

It is noteworthy that compounds of formulae (Ia) and 

(Ib) are integral part of the invention and are included in 

the compound of general formula (I). 

Similarly, the compounds of formulae (IIa) and (Ib) 

are an intearal part of the invention and are included in 

the compound of general formula. (II). 

Therefore, a further object:. of the present invention 

is the process to obtain the compound of general formula 

(I), comprising the following steps 

with a carboxylic acid anhydride of formula(IV) 

0 0 

I ( IV) 

or with a carboxylic acid halide of formula(V) 
0 

wherein Rl, R2 and R4 are as described. for the compound of 

general formula (I) and Xi. corresponds to a halogen 

selected from. the group comprising chlorine and bromine, to 

obtain a compound of formula (VI) 
R20 H 

( V I ) 



compound of general formula (III) 
R

H 
 

N-A—NH 
4 
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(b) reacting of the compound (VI) obtained in step (a) 

with a reducing agent to obtain the compound of formula 

(VII) 

(VII); 

(c) reacting of the compound (VII) obtained in step (b) 

with a tetraalkylorthocarbonate selected from the group 

comprising tetramethylorthocarbonate and tetraethyl 

orthocarbonate, to obtain the compound a.f formula(Ia) 

RI  

/ 	R2 
N 

0 
\(CH2) -CH 

wherein R3 represents a hydrogen atom and 	represents 

zero or one; 

reacting of the compound of formula (Ia) obtained in step 

(c) with a haloaenating agent selected from the group 

comprising N-bromosuccinimide, N-chlorosuccintmide and N-

iodouccinimide, to obtain the compound of formula (Ia), 

wherein R3 represents a halogen selected from the group 

comprising bromine, chlorine and iodine; 

Therefore, a further object of the present invention 

is the process to obtain the compound of gene-al 

formula(I), comprising the following steps: 

(a) reacting 
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with a carboxylic acid anhydride of formula(IV) 
0 0 

(d) 	F1( Ri (IV), 

or with a carboxylic acid halide 
	

formula (V) 
0 

(V), 

wherein RI,, R2 and R4 are as described for the compound cf 

formula (I) and X1 represents a halogen selected from the 

group comprising chlorine and bromine, Wo obtain a compound 

of formula(VI) 

H 
	R20 

(VI), 

(b) reacting of the compound (VI) obtained in step (a) 

with a reducing agent to obtain the compound 0.  

formula(VII) 
R2 0 

H 	11  
N A N 

NH2  (VII); 

(e) reacting of the compound (VII) obtained. in step 

with thiourea in order to obtain the compound (VIII) 

0 

A2  

SH 

(VIII) 

wherein R3 represents a hydrogen atom; 

(f) reacting the compound (VIII) obtained in step (e) with 

an alkylating agent to obtain the compound of formula (Ib) 
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/ 	R2  
,N 

S 

	

N 	N(C1-12),--CH3  
(Ib), 

wherein R3 represents a hydrogen atom and 	corresponds 

to zero or one; 

(g) reacting the compound of formula (Ib) obtained in step 

(f) with a halogenating agent selected from the group 

comprising N-bromosu cinimide, N-chlorosuccinimide and N-

iodosuccinimide, to obtain the compound of general formula 

(Tb) wherein R3 represents a halogen selected. from the 

group comprising bromine, chlorine and. iodine. 

Another object of the present invention is the process 

to obtain the compound of general formula (11) comprising 

the following step 

reacting of a compound of formula(IX): 

R2 
 

rICHO pH  

NH2 	 (TX) 

with a tetraalkylorthocarbonate selected from the group 

comprising tetramethylorthocarbonate and tetraethyl 

orthocarbonate, to obtain a compound of formula (X) 

wherein R2, 	and 	are as described for the compound 

of general formula (T1); 

,N A N 	 



1--(9H2) 

0\ 	% 
"Th-c-'0(XI) 
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(b) reacting the compound of formula (X) obtained in step 

with a deprotecting agent to obtain a compound of 

formula (XI): 

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

(b) with a carboxylic acid anhydride of formula (IV) 
0 0 

( IV) , 

or with a carboxylic acid halide of formula(V): 
0 

to obtain the compound. of formula(IIa.), 

wherein RI is as described for the compound of formula (I) 

and XI represents a bromine r chlorine atom. 

In an optional embodiment, the process of obtaining 

the compound of general formula (II) comprises the 

following steps: 

(d) reacting of a compound 	formula (IX) 
Rp-  r1QH0pm 	 0 

N A N 	 

( IX ) NH2  



0 
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with thiourea resulting in the compound of f rmula(XII) 

i-'11 H2)p 

SH 
(XII); 

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

step (d) with an alkylating agent resulting in. the compound 

of formula (XIII) 

wherein 	is as described for the compound of formula 

(I); 

(f) react?  r,, 	the compound obtained in 	with a 

deprotecting agent to obtain a compound of formula XIV: 

T-(CH2) 
0 

, 
`(CH2),--CH3  

(XIV) 

(g) reacting the compound o.f formula (XIV) obtained in 

with a carboxylic acid anhydride of formula (IV) 

0 0 

(IV), 

or with a carboxylic acid halide of formula(V) 



r•-(y12)p 1A--  R2  

N 
S 

CH2)r C 
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to obtain the compound of formula(IIb): 

Ri  

lib) 

Once again, it i.s noteworthy that the compounds of 

formulae (Ia) and (Ib) are an integral part of the 

invention and are included in the compound of general 

formula (I), Similarly, the compounds of formulae (III:) and 

(lib) are an integral part of the invention and are 

included in the compound of formula (II). 

The carboxylic acid anhydrides used in the process of 

obtaining the compound of formulae (I) or (II) comprise 

commercially available compounds or those synthetically 

produced. Non-limiting examples of carboxylic acid 

anhydrides which may be used in this invention include 

acetic, propionic, butyric, crotonic, vaieric anhydrides, 

among others. 

The carboxylic acid halides employed in the process of  

obtaining the compound of formula (I) or (II), comprise 

both the commercially available and the synthetically 

prepared compounds. Non-limiting examples of carboxylic 

acid halides include the chlorides and bromides of acetic, 

propanoic, butanoic, valeric, cyclopropanecarboxylic, 

cyclobutanecarboxylic, 	 cvciopenta ecarboxylic, 

cyclohexanecarboxylic, 	alp.s-brom acetic, 	alpha- 

chloroacetic acids, among others. 
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Alkylating agents are substances that transfer alkyl 

groups between molecules. The n  are several alkylating 

agents available in the market, as well as a variety of 

reactions used for this purpose. Non-limiting examples of 

alkylating agents used in the process described in this 

invention correspond to alkyl halides, such as methyl and 

ethyl bromides or iodides. 

Deprotect.ion aaents are chemicals used to remove 

protecting groups Protecting groups, in turn, are chemical, 

groups used to protect specific functions which, when 

unmodified, are likely to react or undergo alteration with 

reagents used for structural modifications directed to 

other positions of the molecule. In the present invention a 

non-limiting example of deprotection agent capable of 

removing the tent-butoxycarbonyl protecting group from the 

intermediates (X) and (XIII) corresponds to trifluoroacetic 

acid. 

In the present invention, a reducing agent :as the 

role of promoting the transformation of an aromatic nitro 

group into an amino group. Several reagents may be used to 

promote this reduction. Non-limiting examples of typical 

reducing agents of aromatic nitro groups include iron or 

tin in hydrochloric acid medium, zinc, several metal 

catalysts, among others. 

It is noteworthy that the present invention also 

comprises isomers, tautomers, pure enantiomers, racemic 

mixtures and diastereomers of the compound of gene-al 

formulae (I) or (II), as well as mixtures thereof at any 

ratios. 

Depending on the medium used for or'stallization, the 
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compound of formulae (I) or (11) may show different 

aspects. Thus, the present invention also comprises the 

amorphous form, the solvates, hydrates and polymorphs of 

the compound of formulae (I) or (II). 

In order to exert its activity, the compound of 

formulae (I) or (II) should be administered to an animal, 

mammal, 	particularly 	a 	human, 	preferab.  y 	as 

pharmaceutical 
	

composition, 	i.e., 	associated 

pharmaceutically acceptable vehicles which are acceptable 

to each route of administration. 

	

The pharmaceutical compositions 	the present 

invention contain one or more compounds herein proposed, as 

active ingredient, associated with one or more 

pharmaceutically acceptable vehicles. The active ingredient 

is commonly mixed, diluted or encapsulated with at least 

one vehicle. The final composition may be a capsule, 

sachet, paper or other way of containment. When the vehicle 

is a diluent, it may be in solid, semi-solid, or liquid 

form, acting as a carrier, excipient or medium. for the 

active ingredient. Thus, the composition may be tablets, 

pills, powders, sachets, suspensions, emulsions, solutions, 

aerosols (in solid or liquid medium), creams, hard or soft 

capsules, suppositories, injections  

In the present invention, it is considered 

pharmaceutically acceptable vehicle any substance other 

than the compound of general formulae (I) or (II), which 

has been intentionally added thereto to produce a 

pharmaceutical dosage form suitable to a route of 

administration. Non-limiting examples of pharmaceutical 

acceptable vehlcle (exci.pients) suitable for pharmaceutical 
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compositions are described in Handbook of .Pharmaceutical 

Manufacturing Formulations 	Vol. 1 to 6 2004 	Sarfaraz 

Niazi 	CRCPress and Remington's Pharmaceutical 

Sciences, Mack Publishing. 

Non-limiting examples of routes of administration of 

the composition comprising the compound of general formulae 

(I) or (IT) are oral, parenteral, nasal, rectal, 

transmucosal and transdermal routes, o -A. administration 

being particularly preferred- 

The therapeuLic 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, weight and condition of the patient and disorder 

severity. Overall, the compounds of the present invention 

are administered in therapeutically effective doses ranging 

from about 0.1 mg to about 2,000 mg per day. Effective 

doses may be extrapolated from dose-response curves 

obtained from in vit..ro or animal models. Typically, the 

physician will administer the compound to a suitable dose 

in order to achieve the expected. effect. 

The examples described in the experimental section are 

intended to exemplify one of the several ways of carrying 

out the invention, but without limiting the scope thereof. 

Example 1 

N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1- 

yl)ethyl)acetamide 
0 

(110) 
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(A) N-(2-((5-methoxy-z Atrophen 1)amino) ethyl.) acetamide 

In a 500m1 reactor equipped with reflux condenser, 

magnetic 	stirring 	and 	heating, 	Ar1-(5-me loxy-2- 

nitrophenyflethane-1,2-diamine (6. Og, 28.4mmol) (Depreux Et 

al 	Syn,hetic Communica ions 1994, col. 24 ( 5), pp. 2123- 

2132), ethanol (200m1) and acetic anhydride (2.78m1, 

29.2mmol) were added. The reaction medium was heated to a 

temperature of 60°C and kept under sti-rring for 1 hour to 

complete the reaction, The ethanol wa.s roto-evaporated. to 

dryness and the residue dissolved in chloroform (400m1), 

The chloro.orm solution was washed with 15% aqueous sodium 

carbonate solution (2x200m1). The organic phase was 

separated, dried with magnesium sulfate and roto-evaporated 

to yield the title compound as a yellow solid which was 

used directly in the next step. (m=6.8g. Yield: 94,5%) 

(B) N-(2-((2-amino-5-methoxyp er )amino)eth-y a etamide 

In 	a 	500m1 	reactor, 	N-(2-((5-methoxy-2- 

nitrophenyi)amino)ethyl)acetamide (3.0g, 11.8mmol) and 

methanol. (300m1) were added. The mixture wa.s heated to a 

temperature of approximately 45°C under stirring to 

dissolve the solid. Then the solution was cooled to room. 

temperature and zinc powder (11.55g, 176mmol) and ammonium 

formate (5.61g, 89.Ommol) were added under vigorous 

stirring. The mixture was kept under stirring for 

approximately 1 hour and then gravity filtered. The 

filtrate was roto-evaporated and the residue was extracted 

with dichloromethane (3x300m1). The combined organics were 

washed with 6M aqueous sodium hydroxide solution (2x500m1), 

followed. by saturated sodium chloride solution (400m1). The 

organic phase was separated, dried with magnesium sulfate 



ed add 
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and rot -evaporated yielding oil, which was used directly 

in the next step. (m=2.4g. Yield: 91%) 

(C) N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1-

171)ethyl)acetamide 

In a 50 ml reactor containing 	((2---amin  

methoxyphenyi)amino)ethyl)acetamide (500mg, 2.24mmol), were 

tetraethyl 

subsequently acetic  

rthocarbonat.e (1.72g, 8.96mmol) and 

acid (0..013g, 0.216=01), The reaction 

was heated to 80°C. and kept at this temperature for 30m1n, 

Then the reaction medium. was allowed to return to room 

temperature and ethyl ether (25m1) was added. The 

precipitated solid was filtered, washed with ethyl ether 

(25m1) and purified by MPLC (CHC13:MeOH 9:1) resulting in a 

white solid product. (m=385mg. Yield: 6 

111 1v14R (300 MHz, CHLOROFORM-d) (5.ppm .45 (t, J=7.08 

H) 1.92 (s, 3 H) 3.58 (g, J=5.89 H . , 3 h) 3.83 (s, 	H 

4.06 - 4.15 (m, 3 H) 4.51 (q, J-7.08 	2 H) 5.77 (br 

H) 6.72 (s, 1 ti) 6.75 	6.80 (m, 1 
	

7.40 (d, T-8.57 Hz, 1 

; 

13C Nr4R (75 MHz, CHLOROFORM-d) c5ppra 14 71 	1 C) 2-.10 

(s, .1 C) 38.99 (s, 1. C) 41.23 (s, 	56.01 (s, .1 C) 66.12 

(s, 	C) 93.51 (s, 1 C) 109.24 (s, 1 C) 118.07 (s, 1 

134.05 (s, 1 C) 134.35 (s, 1 C) 155.55 (s, 

1 C) 170.53 (s, 1 C). 

Example 2 

N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1-

yi)ethyl)propionamide 

156.78 ( 
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(112) 

(A)N-(2-((5-methoxy-2 itrophenyi)amin )ethyl)pr pionamide 

In a 100m1 reactor with magnetic stirring, Ni-(5-

methoxy-2-nitrophenyflethane-1,2-diamine(1g,4.73mmol), 

dichloromethane (50m1) and triethviamine (0.67m1, 4.81=01) 

were added- The reaction medium. was kept under stirring and 

a 	solution of propionyl chloride (0. 42: 	4.80mmol) in 

dichloromethane (10m1) was slowly added through an addition 

funnel. The reaction medium was kept under stirring at room 

temperature for 2 hours. After the completion of the 

reaction, 20m1 of 10% aqueous hydrochloric acid solution 

(20m1) were added. The dichloromethane was separated and 

the aqueous phase extracted with dichloromethane (2x20m1). 

The organic phase was washed with 5% aqueous bicarbonate 

solution (100m1) and saturated sodium chloride solution 

(100m1). The organic extract was separated, dried. with 

anhydrous magnesium sulfate and rota-evaporated, yielding a 

yellow solid product which was used directly in the next 

step. (m= 1.14g. Yield: 90%) 

(B)N-(2-((2-amino-5-methoxyphenyl)amin )ethyl) propi namide 

N-(2-((5-methoxy z- 

nitrophenyi)amino)ethyl, propionamide 0.56g, 	10mmol) and 

methanol (50m1) were added to a 100m1 reactor. The mixture 

was heated to a temperature of approximately 45°C under 

stirring to dissolve the solid. Then the solution was 

cooled to room. temperature and zinc powder (2.04g, 

31,2mmol) and ammonium formate (0.99g, 15.7mmol) were  added 
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under vigorous stirring. The mixture was kept under 

stirring for approximately 1 our and then gravity 

filtered. The filtrate was rota-evaporated and 

dichloromethane (300m1) was added to the residue. The 

mixture was kept under stirring to extract the product, 

filtered, washed. with 6M aqueous sodium hydroxide solution 

(2x20Om1), followed by saturated sodium chloride solution 

(300m1). The organic phase was separated, dried with 

magnesium. sulfate and roto-evaporated to dryness yielding 

oil, which was used directly in the next synthetic step. 

(m-0.45g. Yield: 90%) 

(C)N-(2-(2-ethoxy-6-methox 1H-benzimidazol-1-yi) ethyl) 

propionamide 

In a 50m1 reactor containing N-(2-((2-amino-5-

methoxyphenyl)amin ethyl)propionamide (450mg, 1.90mmol), 

tetraethyl 	orthocarbonate 	(1.46g, 	7.59mmol) 	and 

subsequently acetic acid (0.011g, 0.189mmol)we e 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 (25m1) was added. The 

precipitated solid was filtered, washed with ethyl. ether 

(25m1) and purified by MPLC (CHC13:MeOH 9:1) resulting in a 

white solid product. (m=309mg. Yield: 56%) 

f l NMR (500 MHz, CHLOROFORM-d) 5ppm 1.18 	1.35 (m, 4 h) 

.46 (t, J= 7e 10 Hz, 2 H) 2.13 (q, J=7.55 RZ, 1 h) 3.59 (q, 

J-5.89 HZ, 1 H) 3.77 - 3,84 (m, 2 H) 4.11 (t, -5. D Hz, 1 

H) 	4.55 (q, 	7 e 15 Hz, 1 H) 5.64 (br s, 1 H) 6.77 (dd, 

64, 2, 48 Hz, 1 	7.26 	1 9 7.40 (d, j=8.64 Hz, 1 

TT) 

Example 3 
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N-(2-(2-ethoxy 6-methoxy-1H-benzimidazol-1- 

y1)ethyl)butyramide 

(113) 

(A) N-(2-((5-methoxy-2-nitrop eny )amino)etny )butyramide 

In a 100m1 reactor with magnetic stirring, Ni-(5-

methoxy-2-nitrophenyi)ethane-1,2-diamine ( g, 4, mmol 

dichloromethane (50m1) and triethylamine (0.67m1, 4.80mmol) 

were added. The reaction medium was kept under stirring and 

a solution of butanoyl chloride (0.49m1, 4.73mmol) in 

dichloromethane (10m1) was slowly added through an addition 

funnel. The reaction medium was kept under stirring at room 

temperature for 2 hours. After the completion of the 

reaction, 10% aqueous hydrochloric acid solution (10m1) was  

added. The dichloromethane was separated and the aqueous 

phase extracted with dichloromethane (2x20m1). The organic 

phase was washed with 5% aqueous bicarbonate solution 

(100m1) and saturated sodium chloride solution. (looma.), The 

organic extract was separated, d.A ied with anhydrous 

magnesium sulfate and roto-evaporated, yielding a yellow 

solid product which was used directly in the next step. (m= 

1.17g. Yield: 88%) 

(B)N-(2-((2-amino-5-methoxyphenyl)ami )ethyl)butyramide 

N-(2-((5-methoxy z-nitrophenyi)amino)eth ) butyramide 

.51g, 1.81=1) and methanol (50m1) were added to a 100m1 

reactor. The mixture was heated Wo a temperature of 

approximately 45'C under stirring to dissolve the solid. 

Then the solution was cooled to room temperature and 
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powdered zinc (1.76g, 26.9mmol) and ammonium formate 

(0.8 6g, 13.6mmol) were added under vigorous stirring. The 

mixture was kept under stirring for approximately 1 hour 

and then gravity filtered. The filtrate was roto-

evaporated, the residue extracted with dichlorromethane 

(300m1), washed with 6M aqueous sodium hydroxide solution  

(2x200m1) , followed by saturated aqueous sodium chloride 

solution (300m1), The organic phase was separated, dried 

with magnesium sulfate and roto-evaporated to dryness 

yielding oil, which was used directly in. the next step of 

synthesis. (m=0.40g. Yield: 87.8%) 

(C) 	N-(2-(2-ethoxy-6-methoxy- H-benzimidazol-1-y1)ethyl) 

butyramide 

In a 50m1 reactor containing N-(2-((2-amino-5- 

methoxyphenyl)amin ethyl)butyramide 	(400mg, 	1. 5 9mmol) 

tetraethyl 	orthocarbonate 	(1.22g, 	6.37mmol) 	and 

subsequently acetic acid (0.010 g, 0.159mmol) 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 	(20m1) 	was 

added. 	The 	precipitated 	solid 	was 	filtered, 	washed 	with 

ethyl 	ether 	(20m1) 	and purified by MPLC 	(CHC13:MeOH 	9:1) 

resulting in a white solid product. 	(m= 258mg. Yield: 53%) 

1H NMR 	(500 MHZ, CHLOROFORM-d) 	oppm 0.91 	(t, J=7.38 Hz, 

1-1) 	1.46 	(t, 	J-7.08 	Hz, 	3 	H) 	1.57 - 	1.67 	6m, 3 h) 2.05 	- 

2.10 	(in, 2 H) 	3.60 	(q, 	J-5.97 Hz, 2 h) 	3.8/ - 3.86 6m, 3 H)  

4.08 - 4.14 	(m, 2 h) 	4.54 	(q, 	j-7. 13 Hz, 2 h) 5.64 (br s, 1 

7E) 	6.72 	(s, 	1 	H) 	6.76 	- 	6.79 1 	7.26 (s, 	1 H) 	7.40 

(d, j=8,61 Hz, 	,) 

Example 4 
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N-(2-(2-ethoxy 6 methoxy-1H-benzimidazol-1- 

y1)ethyl)cyclopropane carboxamide 
0 

(1.25) 

(A) N-(2-((_-methoxy- 

nitrophenyi)amino)ethyl)cycl propanecarb xamide 

In a 100m1 reactor with magnetic stirring, N1-

methoxy-2-nitrophenyl) ethane-1,2-diamine (1g, 4.73mmol), 

dichloromethane (50m1) and triet-ylamine (0.67m1, 4.80mmol) 

were added. The reaction medium was kept under stirring and 

a solution of cyclopropanecarbonyl chloride (0.43m1, 

4.73mmol) in dichloromethane (10m1) was slowly added 

through an addition funnel. The reaction medium was kept 

under stirring at room temperature for 2 hours. After the 

completion of the reaction, 10% aqueous hydrochloric acid 

solution (10m1) was added. The dichloromethane was 

separated and the aqueous phase extracted with 

dichloromethane (2x20m1), The organic phase was washed with 

5% aqueous bicarbonate solution (100m1) and saturated 

sodium chloride solution (100m1). The organic extract was 

separated, dried with anhydrousmagnesium sulfate and roto-

evaporated, yielding a yellow solid product which was used 

directly in the next step. (m=1.17g. Yield: 88.5%) 

(B) N-(2-((2-amino-5-methoxyphenyl)amino)ethyl)cy lopropane 

carboxamide 

In 	a 	200m1 	reactor, 	N-(2-((5-methoxy-2- 

nitrophenyi)amino)eth 1)cyclopropane carboxamide (0,79g, 

2.83mmol) and methanol (70m1) were added. The mixture was 



2 H) 	.19 	---1.34 	(m, 	. 45 ( 

(q, j-5.95 Hz, 2 H) 	3.83 3 H) 

j=7.10 

4..A0 (t, 
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heated to a temperature cif approximately 45°C under 

stirring to dissolve the solid. Then the solution was 

cooled to room temperature and powdered zinc (2.78g, 

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

under vigorous stirring. The mixture was kept under 

stirring for approximately 1 hour and then gravity  

filtered. The filtrate was roto-evaporated and 

dichloromethane (300m1) was added. to the residue. The 

mixture was kept under stirring to extract the product, 

filtered, washed. with 6M aqueous sodium hydroxide solution 

(2x150m1), followed by saturated sodium chloride solution 

(150m1). The organic phase was separated, dri-d with 

magnesium sulfate and roto-evaporated to dryness yielding 

oil, which was used directly in the next step of synthesis. 

(m=0.64g. Yield: 90.8%) 

(C) 	N-(2-(2-ethoxy-6-methox7-1H-benzimidazci-l-y1)ethyl) 

cyclopropane carboxamide 

In a 50m1 reactor containing N-(2-((2-amin -5-

methoxyphenyflamino)ethyli cyclopropane carboxamide (500mg, 

2.01mmo1), tetraethyl orthocarbonate (1.54g, 8.01mmol) and 

subsequently acetic acid (0. 012g, 	201mmol)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 (25m1) was added. The 

precipitated solid was filtered, washed with ethyl ether 

(25m1) and purified by MPLC (CHC13:MeOH 9:1) resulting in a 

white solid product. (m=350mg. Yield: 57.5%) 

IH NMR (500 MHz, CHLOROFORM-d) oppm 0.67 - 0.77 	2 H)  

0.80 - 1.03 (m, 

Hz, 3 H) 3,61 



0 

WO 2018/076090 
	 49 	 PC T/BR2017/050320 

J=5.65 Hz, 2 10 4.51 (q, J=7.02 Hz, 2 I) 5.96 (15r s, 1 H 

6.71 (d, J=2.29 lizr, 1 10 6.78 (dd, J=8.70, 2.44 Hz, 1 H) 

7.40 (d, J=8.54 Hz, 	H) 

Example 5 

N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1-y1)eth71) 

cyclobutanecarboxamide 

(126) 

(A) N- 	((5-methoxy 2- 

nitrophenyl)amin ethyl) cycl butaneoarboxamide 

In a 100m1 reactor with magnetic stirring, N1- 

methoxy-2-nitrophenyi)ethane-1,2-diamine (ig, 4.73mmol), 

dichloromethane (50m1) and triethylamine (0.67m1, 4.80mmol) 

were added. The reaction medium was kept under stirring and 

a solution. of cyclobutanecarbonyl chloride .54m1, 

4.73mmol) in dichloromethane (10n1) was slowly added 

through an addition funnel. The reaction medium was kept 

under stirring at room temperature for 2 hours. After the 

completion of the reaction, 10% aqueous hydrochloric acid 

solution (10m1) was added. The dichloromethane was 

separated and the aqueous phase was extracted with 

dichloromethane (2x20m1). The organic phase wa w hed with 

5% aqueous bicarbonate solution (100m1) and saturated 

sodium chloride solution (100m1). The organic extract was 

separated, dried with anhydrous magnesii m. sulfate and roto-

evaporated, yielding a yellow solid product which was used 
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directly in the next step. m=1.25 g. Yield: 90%) 

(B)N-(2-((2-amina-5- 

methoxyphenyl)amino)eth 1 c‘clabutanecarboxamide 

In 	a 
	

200m1 	reactor 	N-(2-((5-meth xv- 

nitrophenyi)amin ethyl) cyciobutanecarboxamide 	(0.785g, 

2.68mmol) and methanol (60m1) were added. The mixture was  

heated to a temperature of approximately 45'C under 

stirring to dissolve the solid. Then the solution was 

cooled to room temperature and 2.60g of powdered zinc 

(2.60a, 39.8mmol) and 1.26g of ammonium formats (1.26g, 

20.0mmol) were added under vigorous stirring. The mixture 

was kept under stirring for approximately 1 hour and then 

gravity filtered. The filtrate was rota-evaporated and 

dichioromethane (300m1) was added to the residue. The 

mixture was kept under stirring to extract the product,  

filtered, washed with 6M aqueous sodium hydroxide solution 

(2x150m1), followed by saturated sodium chloride solution 

(150m1). The organic phase was separated, dried with 

magnesium sulfate and rota-evaporated to dryness yielding 

oil, which was used directly in. the next step of synthesis. 

(m=0.64g. Yield: 90.8%) 

(C)N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1- 

yl)ethyl)cyclobutanecarb xamide 

In 	a ri0m1 reactor containing N- (2- ((2-amino-5- 

m.ethoxyphenyl)amino) ethyl) cyclobutanecarboxamide 	(600mg, 

2.28mmol), tetraethyl orthocarbonate (1.75g, 9.11mmol) and 

subsequently acetic acid (0.014g, 0.23mmol) 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 (30m1) was added. The 
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precipitated solid was filtered, washed with ethyl ether 

(30m1) and purified by MPLO (CHC13:MeOH 	, resulting in a 

white solid product. (m=362mg. Yield: 50%) 

NMR (500 MHZ, CHLOROFORM-d) 5ppm 1.47 (t, J=7.10 i1z, 

- 2.11 (gim, 2 h) 2.17 - 2.25 

3.60 (q, J-5.95 Hz, 2 H) 3.83 

2 II) 	55 (q, J=7.17 Hz, 2 H) 

5.54 (br s, .1 H) 6.71 (d, j-2.29 Hz, 1 H) 6.78 (cad, j=8.70, 

2.44 Hz, 1. H) 7.41. (d, j-8.70 Hz, .1 

Example 6 

N-( -(2-ethoxy-6-methoxy-1H-benzimidazol-1- 

y1)ethyl)cyclopentane carboxamide 
0 

(128) 

(A) 	((5-methoxy-2- 

nitrophenyl)amino) )ethyl)cycl pentane carboxamide 

N1-(5-met xy-2-ni rophenyi)ethane ,2-diamine 
	

( g, 

4.73mmo1), dichloromethane (50m1) and triethylamine 

(0.67m1, 4.80mmol) were added to a 100m1reactor with 

magnetic stirring. The reaction medium was kept and 

stirring and a solution of cyclopentanecarbonyl chloride 

(0.585m1, 4.73=01) in dichloromethane (10m1) was slowly 

added through an addition funnel. The reaction medium was 

kept under stirring at room temperature for 2 hours. After 

the completion of the reaction, 10% aqueous hydrochloric 

acid solution (10m1) was added. The dichloromethane was 

separated and the aqueous phase extracted with 

H) 1, 77 .97 	(in, 2 H) 2.04 

(,m, 2 H) 2.85 - 2.92 (m, 1 H) 

(s, 3 H) 4.1 y (t, j-5.80 Hz, 
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dichloromethane (2x20m1) The organic phase was washed with 

aqueous bicarbonate solution (100m1) and saturated 

sodium chloride solution (100m1). The organic extract was 

separated, dried with anhydrous magnesium sulfate and roto 

evaporated, yielding a yellow solid product which was used 

directly in the next step. (m=1.2g. Yield: 83%) 

(B) N-(2-((2-amino-5-methoxyphen ,l)amino)ethrl) 

cyclopentane carboxamide 

In a 50m1 reactor N-(2-((5-methoxy-2-nitrophenyl) 

amino) ethyl)cyclopentane carboxamide (0.100g, 0.325mmo1) 

and methanol (20m1) were added. The mixture was heated to a 

temperature of approximately 45°C under stirring to 

dissolve the solid. Then the solution was cooled to room 

temperature and zinc powder (0.317g, 4.85=1) and ammonium 

formate (0.153g,2.43=51) were added under vigorous 

stirring. The mixture was kept under stirring for 

approximately 1 hour and then gravity filtered. The 

filtrate was roto-evaporated and dichloromethane (100m1) 

was added ,o the residue. The mixture was kept under 

stirring to extract the product, filtered, washed with 6M 

aqueous sodium hydroxide solution (2x50mi) , followed. by 

saturated sodium chloride solution (50m1). The organic 

phase was separated, dried with magnesium sulfate and roto-

evaporated to dryness yielding oil, which was used directly 

in the next step of synthesis. (m=0.082g. Yield: 90.8%) 

(C)N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1- 

yi)ethyl)cyclopentane carboxamide 

In a 10m1  reactor containing N-(2-((2-amino-5-

methoxyphen 1)amino)ethyl)cyclopentane carboxamide (82ng, 

0.296=01), tetraethyl orthocarbonate (0.227g, 1„18mmol) 
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and subsequently acetic acid (0.00188, 0.030mmol) were 

added. The reaction was heated to 80°C and kept at this 

temperature for 30min. Then the reaction medium was allowed 

to return 	room temperature and ethyl ether (5m1) w 

added. The precipitated solid was filtered, washed with 

ethyl ether (5m1) and purified by MPLC (CHC13:MeCH 9:1) 

resulting in a white solid product. (m=49mg. Yield: 50%). 

lif NMR (500 MHz, CHLOROFORM-d) 5.ppm 1.41 - 1,60 (in, 6 

63 - 1.83 (m, 9 H) 2.35 - 2.44 (m, 1 H) 3.60 (q, j=5.85 

Hz, 2 H) 3.82 (s, 3 H) 4.10 (t, J=5.80 Hz, 2 H) 4.54 (q, 

J=7.17 Hz, 2 H) 5.62 (5r s, 1 H) 6.71 (d, 	Hz, I H) 

6.77 (dd, J=8.54, 2.44 Hz, 1 H) 7.40 (d, J=8.70 Hz, 1 H)  

Example 7 

N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1- 

yl)ethyl)cyclohexane carboxamide 

(129) 

(A) 	N-(2-((5-methoxy -nitro henvi)amino) e ..? A.) c clohexane 

carboxamide 

N1-(5-methoxy-2-nitrophenyl)ethane 2-diamine (lgr 

4.73mmol), dichloromethane (50m1) and triethylamine 

(0.67m1, 4.80mmol) were added to a 100m1reactor with 

magnetic stirring. The reaction medium was kept under 

stirring and a solution of 0.64m1 of cyclohexanecarbonyl 

chloride (0.64m1, 4.73mmol) in dichloromethane (10m1) was 

slowly added through an addition funnel,. The react 

medium was kept under stirring at room temperature for 2 
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hours. After the completion of the reaction, 10% aqueous 

hydrochloric acid solution (10m1) was added. The 

dichloromethane was separated and the aqueous phase 

extracted with dichloromethane (2x20m1). The organic phase 

was washed with 5% aqueous bicarbonate solution (100m1) and 

saturated sodium chloride solution (10 mi). The organic 

extract was separated, dried with anhydrous magnesium 

sulfate and roto-evaporated, yielding a. yellow solid 

product which was used directly in the next gtep. (m= 1.3g. 

Yield: 86%) 

(B) N ( amino methoxyphe amino)e 	cyclohexane 

carboxamide 

In a 50m1 reactor, 0.100g of N-(2-((5-methoxy-2-

nitrophenyl)amin ethyl)cyclo exane carboxamide (0.100g, 

0.311=1) and methanol (20m1) were added. The mixture was 

heated to a temperature of approximately 4.5*C under 

stirring to dissolve the solid. Then the solution was 

cooled to room temperature and powdered zinc (00.030g, 

4.65mmol) and ammonium formate (0.147g, 2.33mmol) were 

added under vigorous stirring, The mixture was kept under 

stirring for approximately 1 hour and then. gravity 

filtered. The filtrate was rota-evaporated and 

dichloromethane (100m1) was added to the residue. The 

mixture was kept under stirring to extract the product, 

filtered, washed with 6M aqueous sodium hydroxide solution 

(2x50m1), followed by saturated sodium chloride solution 

(50m1). The organic phase was separated, dried with 

magnesium sulfate and .rota-evaporated to dryness yielding 

oil, which was employed. directly in the next step of 

synthesis. (m=0.082 g. Yield: 90%) 
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(C)N-(2-(2-ethoxy-6-methoxy-1H-benzimidazol-1-

yl)ethyl)cyclohexane carboxamide 

Tn a 10m1 reactor containing N-(2-((2-ami. 

methoxyphenyl)amin ethyl)cyclohexane carboxamide (82mg, 

0.281mmol), tetraethylorthocarbonate (0.216g, 0.113mmol) 

and subsequentlyacetic acid (0.001 	0.028mmol) 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 (5m1) was 

added. The precipitated solid was filtered, washed with 

ethyl ether (5m1) and purified by MPLC (CHC13:MeOH 9:1) 

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

NMR (500 MHz, CHLOROFORM-d) 5ppm 1.28 	1.48 (in, 5 H) 

1 .57 	1.68 (m, 4 H) 1.69 - 	.79 (in, 4 H) 1.97 ( t, 

J-11.73, 3.30 Hz, 1 	3.60 (q, J-5.95 Hz, 2 H) 3.83 (s, 3 

H) 4.10 (t, 	Hz, 2 H) 4.55 (q, J=7.17 Hz, 2 11) 6.71 

(d, J-2.29 Hz, S H) 6.77 (cid, J-8.70, 2.44 Hz, 1 119 7.4/ 

(d, J-8.70 Hz, 1 H) 

Example 8 

N-(3-(2-ethox7 -methoxy- H-benzimidazoi-l-y1)propyl) 

acetamide 

(120) 

(A) N-(3-((5-methoxy -nitropnenyi)amino)propyl)acetamide 
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In a 100m1 reactor,3-chloro-4-nitroanisole (7.00g, 

37.3mmol), 1,3-propylene diamine (37m1, 439rmnol) and cupric 

bromide (3.5g, 15.7mmo ) were added. The reaction medium 

was kept under stirring and heating at 60-65°C for 4 hours. 

After cooling, the reaction medium was diluted with water 

(140m1) and extracted. with chloroform (3x220m1). The 

organic phases were combined and washed with water (300m1). 

The chloroform was dried over magnesium sulfate and roto-

evaporated to dryness yielding oil, which was dissolved in 

ethanol (300m1). To this solution was added acetic 

anhydride (4.2m1, 44.lmmol), the reaction medium was heated 

to 60°C and kept under stirring for 1 hour. Then the 

ethanol was rota-evaporated to dryness and t 
	resulting 

oil dissolved in ethyl acetate. This solution was washed 

with 15% aqueous sodium carbonate solution, the acetate 

phase separated, dried with anhydrous magnesium sulfate and 

rota-evaporated to yield a yellow oil product which was 

used directly in the next step. (m 8.2a. Yield: 82%) 

(B)N-(3-((2-amino-5-methoxyphenyl)amino)propyl)acetamide 

In 	a 	200m1. 	reactor, 	N-(3-((5-methoxy-2- 

nitrophenyl)amino)propyl)acetamide (1.0g, 3. 74mmol) and 

methanol (50m1) were added. The mixture was kept µnder  

vigorous stirring and powdered zinc (3.65g, 55.8mmol) and 

ammonium formate (1.77g, 28.1m 	) were added. The mixture 

was kept under stirring for approximately 1 hour and then 

gravity filtered. The filtrate was roto-evaporated and 

dichloromethane (300m1) was added to the residue. The 

mixture was kept under stirring to extract the product, 

filtered, dichloromethane was washed with 6M aqueous sodium 

hydroxide solution (2x150m1), followed. by saturated. sodium 



NH 
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chloride solution (150m1). The organic phase was separated, 

dried with magnesium sulfate and roto-evaporated to dryness 

yielding oil, which was used direct v in the next step of 

synthesis. (m=0.87g.Yie d: 98%) 

(C)N-(3-(2-ethoxy-6-meth x l --benzi idazol-1-y )propyl) 

acetamide 

In a 50m1 reactor containing N-(3-((2-amin -5- 

methoxyphenyl) amino)propyl)acetamide 	(500mg, 	2,10mmol), 

tetraethyl. orthocarbonate (1. 62g, 8.4mmol) and subsequently 

acetic acid (0.013a, 0.210=01) 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 (25m1) was added. The 

precipitated solid was filtered and washed with ethyl_ ether 

(25m1). The product was purified by MPLC (CHC13:MeOH 9:1) 

resulting in a white solid product. (m=356mg. Yield: 58%) 

IH NMR (300 MHz, CHLOROFORM-d) oiopm 1.49 (t, J7.12 Hz, 

H) 1.93 - 2.09 	5 H) 3.25 (q, J=6.68 Hz, 2 h) 3.75 -- 

4.08 (m, 6 H) 4 9  (q, 	1.09 HZ, 2 H) 5.59 (hr s, 1 H) 

6.68 (d, J=2.26 Hz, 1 H) 6.78 (dd, J=8.64, 2.44 Hz, 	H 

7.42 (d, L7=8.64 Hz, 	H); 

13C NMR (75 MHz, CHLOROFORM-d) 6ppm 14.78 (s, 1 C) 23.28 

(s, 1 C) 28.56 (s, 1 C) 36.86 (s, 	39.50 (s, 1 C) 56.05 

(s, 1 C) 66.21 (s, 	C) 93.90 (s, 1 C) 108.71 (s, 1 C) 

118.11 (s, 1 C) 133.86 (s, 1 C) 134.22 	C) 155.37 (s, 

1 C) 156.74 (s, 1 C) 170.15 (s, 1 C). 

Example 9 

N- (3-(2,6-dimethoxy-1H-benzimidazol-1- ) propyl) acetamide 
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(140) 

In a 50m1 reactor containing N-(3-((2-amin 5-

methoxyphenyl)amin propyl) acetamide (Example 8 (B)) 

(400mg, 1. 69mmol) , tetramethylorthocarbonate (92g, 6.74mmol) 

and subsequently acetic acid (0.010g, 0.169mmol) 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 (25m1.) was 

added. The precipitated solid was filtered, washed with 

ethyl ether (25m1) and purified by MPLC (CHC13:MeOH 9:1) 

resulting in a white solid product. (m= 271mg. Yield: 58%) 

1H NMR (300 MHz, CHLOROFORM-d) 5ppm 1.92 - 2.08 On, 5 119 

3.26 (q, J-6.72 Hz, 2 14 3.7 -- 3.86 (m, 3 H) 3.93 	4.20 

(,m, 6 Er) 5.57 051-  a, 1 ID 6.68 (d, j=2.32 FIz, 1 H) 6.78 

(dd, J=8.68, 2.44 Paz, 1 H) 7.43 (d, J=8.62 Hz, 	R); 

23C NMR (75 MHz, CHLOROFORM-d) oppm 23.26 (s, 1 C) 28.67 

(s, f C) 37.00 (s, 1 C) 39.68 (s, 1 C) 56. 	(s, 1 C) 57.17 

(s, 1 C) 93.91 (s, 1. C) 108.75 (s, 	C) 118.19 (s, 1 C)  

134.06 (s, 	155.42 (s, .1 C) 157.32 (s, .1 	170.21 (s, 

1 C). 

Example 10 

N-(2-(2,6-dimethoxy H-benzi idazol-1 	)eth 	acetamide 

0 

(118) 

In a 50m1 reactor containing N-(2-((2-amin 5- 

methoxyphenyl) 	amino)eth 1)acetamide 	(Example 1 	(B)) 
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(550mg, 2.46mmol), tet-amethylorthocarbonate, (1.34g, 

.85mmol) and subsequently acetic acid (0.015g, 0.250mmol) 

were added. The reaction was heated to 80CC and kept at 

this temperature for 30min. Then the reaction medium was 

allowed to return to room temperature and ethyl ether 

(25m1) was added. The precipitated solid. was filtered, 

washed with ethyl ether (25m1) and purified by MPLC 

(CHC13:Me011 9:1) resulting in a white solid product. 

(m=344mg.Yield: 53%) 

IH NMR (300 MHz, CHLOROFORM-d) 5ppm 1.92 (s, 3 H,) 3. 	(q, 

J-5.92 Hz, 2 H) 3.83 (s, 3 H) 4.06 - 4.13 (m, 5 H) 5.83 (br 

s, 	H) 6.72 (d, J=2.68 Hz, 1 H) 6.75 - 6.81 	 7.40 

(d, J1-8.62 Hz, 1 H) 

13C 
	

R (7-  MHz, CHLOROFORM-d) 5,7ppm 23.13 (s, 1 C) 38.96 

(s, 1 C) 41.24 (s,. 1 C) 55.99 (s, 1 C) 57.02 (s, 1 C) 93.45 

(s, 1 C) 109.32 (s, 1 C) 116.16 (s, 1 C) 133.82 (s, 1 C) 

134.56 (s, 	C) 155.61 
	

C) 157.34 (s, 1 C) 170.69 (s, 

) 

Example 11 

N- ( -(2,6 dimethoxy-1H-benzimidazol-1-yi)ethyl)propionamlde 

(138) 

In a 50m1  reactor containing N-(2-((2-amino-5- 

methoxyphenyl)amino)ethyl)pr pionamide 	(Example 2 	(B)) 

(200mg, 	0.84mmol), 	tetramethylorthocarbonate(0.460g, 

3.37mmol) and subsequently aceticacid (0.010g, 0.167=1) 
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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 

(10m1) was added. The precipitated solid was filtered, 

washed with ethyl ether (10m1) and purified by MPLC 

(CHC13:MeOli 9:1) resulting in a white solid pr duct. (m-

129mg. Yield: 55%) 

lif Ah„R (500 MHz, CHLOROFORM-d) oppm 1.10 (t, j=7.63 Hz, 

H) 2.1.3 (q, j-7.63 Hz, 2 H) 3.58 (q, J-5.85 H, 2 H) 3.58 

3.88 (m, 3 H) 3.97 	4.17 (m, 5 H) 5.66 (br s, 	h) 6.71 

(d, J=2.44 Hz, 7 H, 6.78 (dd, J=8.54, 2.44 Hz, 1 R) 7.42 

(d, J=8.70 Hz, 1 H) 

example 12 

N-(2,6-dimethoxy-1H-benzimidazol-1-yflethyl)b tyramide 

(139) 

In r 10m1 reactor containing N-(2-((2-amino-5-

methoxyoheny1)amino)ethyl)butyramide (Example 3 (El)) 

(100mg, 	0. 398inmol) , t trameth J.orthocarbonate(0.217g, 

1.59mmol) and subsequently acetic acid (0.024g, 0.0398mmol) 

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 (5m1) 

was added. The precipitated solid was filtered, washed with 

ethyl ether (5m1) and purified by MPLC (CHC13:Me0H 9:1) 

resulting in a white solid product. (m-55.6mg. Yield: 48%) 
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1H NMR (500 MHz, CHLOROFORM  -d) c5ppm 0.91 	j=7.40 Hz, 

B9 1.68 	75 m, 2 H 2.08 (t, =7 '7,5 Hz, 2 B) 3.44 - 

3.64 (m, 2 h) 3.71 - 3.88 (m, 	4.04 	4.17 (m, 6 B9 

65 (br 	1 B) 6.72 (d, J-2.44 	1 H) 6.78 (dd, J-8.70, 

2.44 Hz, i H) 7.42 (d, J-8.70 Hz, 1 B) 

Example 13 

N-(1-(2-Ethoxy- methox H-benzimidazol-1-y1)pr pan-2- 

-1)acetamide 

(136) 

(A) 	5-methoxy-2-nitrophenyl)prppane-1,2-diamine 

In a 10m1 reactor with magnetic stirring,3-chloro-

Nitroanisole (0.5g, 2.67mmol), 1,2-propanediamine (3m1, 

35.2mmol) and cupric bromide (0.250g, 1.12mmol)were added. 

The reaction medium was kept under stirring and heati ng at 

60-65°C for 1 hour. After cooling, the reaction medium was 

diluted with water and extracted three times with 

chloroform. The orga.n.ic phases were combined and. washed 

with water, The chloroform. was dried over magnesium sulfate 

and rota-evaporated to dryness resulting in a yellow 

colored solid which was used directly in the next step. 

(m=0.60 g. Yield: 100%) 

(B)N-(1-((5-meth-xy 2-nitrophenyl)amino)propan-

yl)acetamide 

In a 50m1 reactor Ni-(5i-methoxy-2- °phenyl) 

propane-1,2-diamine (0.60g, 2.67mm 1), ethanol (40m1) and 

acetic anhydride (0.254m1, 2067mmoi) were added. The 
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reaction medium was heated to 60°C and kept under stirring 

for 1 hour. Then the ethanol was evaporated to dryness and 

the resulting oil dissolved in ethyl acetate and washed 

with 15% sodium carbonate solution. The organic phase was  

separated, dried with magnesium sulfate and roto-evaporated 

resulting in a yellow solid product, which was employed 

directly in the next step. (m= 0.55a. Yield: 77%) 

(C) N-(1-((2-amino-5-methoxypl nyl)amino)propan-2-

yl)acetamide 

In 	a 	100m1. 	reactor, 	N-(1-((5-methoxy-2- 

nitrophenyl)amino)propan yl)acetamide (0.55g, 2.06mmol) 

and methanol. (35m1) were added. The system was kept under 

stirring with heating between 40 and 50°C until complete 

dissolution of the solid. Then the reaction medium was 

cooled to room temperature and powdered zinc (2.0g, 

30.6mmol) and ammonium formate (0.97g, 15.4mmol) were added 

under vigorous stirring. The resulting mixture was kept 

under stirring for approximately 30 minutes and then 

gravity filtered- The filtrate was rota-evaporated and the 

resulting residue was extracted with dichloromethane 

(300m1). The dichloromethane was washed with 6N sodium. 

hydroxide solution (2x200m1) and sodium chloride 

solution(300m1). The organic phase was separated, dried 

with magnesium sulfate and roto-evaporated yielding the 

product as oil, which was used directly in the next step. 

(m=0.41g Yield: 84%) 

(D) N-(1-(2-Ethoxy-6-methoxy-1H-benzimidazol-1-y1)propan 

yl)acetamide 

In 
	

50m1 reactor containing N- (1.- ((2-amino-5- 

methoxyphenyl)amino)propa -i-yl)acetarlde 	 (400mg 
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1.69mmol), tetraethyl orthocarbonate (1.3g, 6.7mmol) and 

subsequently acetic acid (0.010g, 0.169mmol) 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 (25m1) was 

added. The precipitated solid was filtered, washed with 

ethyl ether (25m1) and purified by MPLC (CHC13:Me0H 9:1) 

resulting in a white solid. product. (m= 240mg. Yield: 49%) 

H NMR (500 MHz, CHLOROFORM-d) 612pm 1.18 (d, J-6.87 Hz, 3 

.d) 1 44 	- 	1.54 (m, 	5 H) 94 	(s, 3 R) 3.83 - 3.90 	(in, 4 H 

3.97 - 4.07 (m, 2 h) 4.31 - 4.39 (in, 1 H) 	4.47 4.69 (m„ 	3 

H) 5.51 	(5".  d, J-7.17 Hz, 1 	R) 6.74 6.79 H) 6.88 

(d, J1-2.44 Hz, 1 h) 7.40 (d, j=8.55 Hz, 1 H) 

Example 14 

2-Bromo-N-(2-(2-ethoxy- methoxy-1H-benzimidazol-1-

y1)ethyl)acetamide 

HN 

Br  

0 
N 	(133) 

(A) 2-bromo-N-(2-((5-methoxy-2- 

nitrophenyl)amino) eth'1)acetamide 

In a. 100m1 reactor with magnetic stirring, N1-(5-

methoxy-2-nitrophenyl) ethane-1,2-diamine (1g, 4.73=101), 

dichloromethane (50m1) and triethylamine (0.67m1, 4.81mmol) 

were added. The reaction medium was kept under stirring and 

a 	bromoacetyl bromide solution (0. 413m1, 4.74mmol) in 

dichloromethane (10m1) was slowly added through an addition 

funnel. The reaction medium was kept under stirring at room 
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temperature for 2 hours. After the completion of the 

reaction, 10m1 of 10% aqueous hydrochloricacid solution 

(10m1) was added. The dichloromethane was separated and the 

aqueous phase extracted with dichloromethane (2x20m1). The 

organic phase was washed with 5% aqueous bicarbonate 

solution (100m1) and saturated sodium chloride solution 

(100m1). The organic extract was separated, dried with 

anhydrous magnesium sulfate and rote--evaporated, resulting 

in a yellow solid product which was used. directly A.n the 

next step. (m=1.45 g. Yield: 92%) 

(B)N-(2-((2-amino-5-methoxyphenyl)amin )ethyl)-2- 

bromoacetamide 

In a 100m1 reactor, 2-bromo-N-(2-((5-methoxy 

nitrophenyl)amin ethyl)acetamide (0.70g, 2.31=1) and 

methanol (50m1) were added. The system was kept under 

stirring with heating between 40 and 50°C until complete 

dissolution of the solid. Then the reaction medium was 

cooled to room temperature and powdered zinc (2.05, 

31,4mmol) anc ammonium formate (1,0g, 15.9mmol) were added 

under vigorous stirring, The resulting mlxture was kept 

under stirring for approximately 30 minutes and then 

gravity filtered. The filtrate was roto-evaporated and the 

resulting residue was extracted with 350m1 of 

dichloromethane. The dichloromethane was washed with 6N 

sodium hydroxide solution (2x200m1) and sodium chloride 

solution(300m1). The organic phase was separated, dried 

with magnesium sulfate and roto-evaporated resulting in a 

product as oil, which was used directly in the next step  

(m=0.5 g. Yield: 90%) 

(C) 	2-Promo-N-(2-(2- thox 6-methox 1H-benzimidazol-1- 
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) ethyl) acetamide 

In a riOmi reactor containing N- ((2-amino-5- 

methoxyphenyl.)amino)ethy1)-2-bromoacetamide 	(570mg, 

1.89mmol), tetraethyl orthocarbonate ( 	7.5mmol) and 

subsequently acetic acid (0.113g, 	.189mmol) 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 (2-nd) was 

added. The precipitated solid was filtered, washed with 

ethyl ether (25m1) and purified by MPLO (CHC13:Me0H 9:1) 

resulting in a white solid product. (m= 362mg. Yield: 54%) 

NMR (500 MHz, CHLOROFORM-d) oppm 1.40 	.50 6n, 3 

3.58 - 3.70 6n, 2 H) 3.71 - 3.87 6n, 6 H) 3.94 	4.16 6n, 2 

H) 	4.55 - 4.62 (in, 2 	6. 62 - 6.70 6n, / H) 6.72 (d, 

J-2, 44 Hz, 1 II) 6, 78 (d, J-8 . 27 Hz, 	7. 42 (d, J-8 . 70 

H 

Example 15 

N-(2-(6-methoxy-2-(meth'lth—J) -1H-benzimidaz 

-1)ethyl)acetamide 

(123) 

(A) N-(2-(2-mercap,o-6-methoxy-1H-benzimidazol-1-

yl)ethyl)acetamide 

In 	a 	10m1 	reactor 	N-(2-((2-amino-5- 

methoxyphenyl)amino)ethyl)acetamide (1.340g, 6.00mmol) and 

thiourea (0 457g, 6.00mmol) were added. The mixture was 

initially heated to 120°C for 10 min with intense vapor 
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release and then heated to 160°C for 5 min, with second 

vapor release. The temperature was reduced to 80°C and 

ethanol (15m1) was added. The resulting mixture was cooled 

to -10°C, the solid filtered and washed with ice cold 

ethanol (10m1), yielding 1.26g (79%) of. the crude product, 

which was purified by MPLC (CHC13/Me0H 9:1) resulting the 

title compound as a rosy solid. (m-1.1 r, Yield: 69.1%) 

(B) 	N-(2-(6-methoxy-2- methylthio)-1H-benzimidazol-1- 

y1)ethyl)acetamide 

Potassium carbonate (13.02mg, 0.094mmol) followed by 

iodomethane (5.89p1, 0.094mmol) were added to a solution. of 

N-(2-(2-mercapto-6-methoxy-1H-benzimidazol-1- 

Yl)ethyl)acetamide (50.0mg, 0.188mmol) in acetone (2m1) at 

0°C. The reaction was kept under stirring at room 

temperature for 1h After, a second portion of potassium 

carbonate (13.02mg, 0.094mmol) and iodometane (5.891x1, 

0.094mmol) were added and the mixture remained under 

stirring overnight at room temperature. Volatile portion 

was removed under reduced pressure and the residue 

partitioned between ethyl acetate (10m1) and water (10m1). 

The organic extract was separated, dried with magnesium 

sulfate and evaporated under reduced pressure to yield the 

pure product. (m=44 mg. Yield: 84%) 

1H NMR (500 MHz, CHLOROFORM-d) oppm 1.93 (s, 3 h) 2.76 (s, 

3 h) 3.61 (q, 	5.95 Hz, 2 H) 3.82 - 3.86 (117, 	4.24 (t, 

J-5. 80 Hz, 2 H) 6.79 (s, 1 H) 6.84 (d, J-8.76 Hz, 1 H) 7.27 

(s, 1 H) 7.54 (d, -8.70 Hz, 1 H) 

Example 16 

N-(2-(2-ethoxy-7 	dih -dro-1H-benzofuran[4,5-d]imidazol-1-

-1)ethyl)acetamide 
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(148) 

(A) tert-Butyl(2-(2-ethoxy-7,8-dihydro-1H-benz fu n[4, 

dlimidazol-1-yflethyl)carbamate 

In a 25m1 reactor containing test--butyl (2-((5-amino-

, dihydrobenzofuran-4-yl)amino)ethyl)carbamate (200mg, 

0.6 2mmol), tetraethyl orthocarbonate (524mg, 2.727mmo7.) 

A ollowed. by acetic acid (4mg, 0.038mmoU were added. The 

reaction was heated to 80°C and kept at this temperature 

for 30min. Then the reacts on medium was allowed to return 

to room temperature and ethyl ether (10m1) was added. The 

precipitated solid was filtered, washed with ethyl ether 

(10m1) and purified by MPLC (CHC13:Me0H 9:1) resulting in a 

white solid product. (m= 181mg. Yield: 76%) 

(B) 2-(2-ethoxy-7,8-di ydro-1H-benzofuran[4,5-d]imidazol-1- 

yl)ethanamine 

In a 25m1 reactor, t,rt-Buty1(2-(2-ethoxy-7,8-dihydro- 

1H-benzofuran[4,5-djimidazol-1-yflethyl)carbamate 	(150mg, 

0.432mmol) were dissolved in 6m1 dichloromethane. Next 

trifluoroacetic acid (0.266m1, 3.451mmol) was added. The 

reaction was stirred at room temperature for 6h (monitored 

by HPLC). After the reaction was complete, the reaction 

medium was transferred to a beaker and diluted with 

dichloromethane (50m1). A 15% aqueous sodium carbonate 

solution was added under vigorous stirring until pH= 12. 

The organic phase was separated, dried with magnesium 

sulfate and evaporated resulting in a white solid product, 

which was used directly in the next step. (m= 80ma. Yield: 
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75%) 

(C) N-(2-(2-ethoxy-, -dihydro-1H-benz furan[ 

d]imidazol-1-yl)eth 1 acetamide 

In a 25m1 reactor, ethanol (10 mg), 2-(2-ethoxy-7,8-

dihydro-1E-benzoLuran[4 -d]imidazol-1-y1)ethanamine (70mg, 

0.283mmo1), acetic anhydride (0.030m1, 0.311mmol) and 

sodium carbonate (33mg, 0.311mmo1) were added. The reaction 

mixture was heated under re: lux for lh and then evaporated 

under reduced pressure. The resulting oil was dissolved in 

ethyl. acetate (30m1) and washed with 10% aqueous sodium. 

carbonate solution (10m1). The organic extract was dried 

over magnesium sulfate, roto-evaporated and the - sulting 

solid purified by chromatography (MPLC) (CHC13:Me0H 9:1) 

resulting in a white solid product. (m- 75mg. Yie d: 92%) 

1V14R (300 MHZ, CHLOROFORM-d) (5.ppm .44 (t, J-7.09 Hz, 

H) 1.86 - 1.97 (n, 	H) 3.38 - 3.65 621, 5 H) 4.11 (t, 

-6.11 Hz, 2 H) 4.45 -4.72 (m, 4 H) 5.92 (br 	H) 6.68 

(d, L.7-8.46 Hz, 	H); 

131: Ah.R (75 MHz, CHLOROFORM-d) oppm 14.76 (s, 1 C) 23.22 

(sr  1 C) 28.09 (s, .1 C) 39.82 (s, 1 C) 41.98 (a, 1 C) 66.15 

(s, 	71.43 (s, 1 C) 103.82 (s, 	C) 106.28 (s, 1. C) 

116.53 (s, 1 C) 130.54 (s, 1 C) 134.43 (s, 	C) 156.53 (s, 

1 C) 156.68 (s, 1 C) 170.59 ( 	C). 

Example 17 

N-(2-(2-meth xy-7,8-dihydro-1E-benzofur n[4, 	]. imidaz -1- 

yl)ethyl)acetamide 

(150) 
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(A) tort-Butyl(2-(2-methoxy /,8-dihydro-1H-benzofuran 

[4,5-d]imidazol-1-yi)ethyl)carbamate 

In a 10m1 reactor containing tert-butyl (2-((5-amino- 

2,3-dihydrobenzofuran-4-yi)amino)ethil)carbamate 	(200mg, 

0.682mmol),tetramethy orthocarbonate (374mg, 2.728mmol) and 

subsequently acetic acid (4mg, 0.038mmo ) 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 (10m1) was added. The 

precipitated solid was fill-ered, washed with ethyl. ether 

(10m1) and purified b- MPLC (CHC13:Me0H 9:1) resulting in 

white solid a product. (m=160mg. Yield: 70%) 

(B) 2-(2-methoxy ,8-dihydro-1H-benzofuran[4,5-d] imidazol-

1-171)ethanamine 

In a 25m1 reactor, tert-Buty1(2-(2-methoxy-7,8-

dihydro-1H-benzofuran[4 5-d]imidazol-1-y1) eLnyi)carbamate 

(113mg, 0.399Mmo ) was added to 5m1 dichloromethane. Then 

trifluoroacetic acid (0.209m1, 2.71mmol) was added. The 

reaction was stirred at room temperature for 6h (monitored 

by HPLC). After the reaction was complete, the reaction 

medium was transferred to a beaker and diluted with 

dichloromethane (50m1). A 15% aqueous sodium carbonate 

solution was added Under vigorous stirring until pH= 12. 

The organic phase was separated, dried with magnesium 

sulfate and evaporated resulting in a white solid product, 

which was used directly in the next step. (m=55mg. Yield: 

69.6%) 

(C) N-(2-(2-met 	8-dihyd-o-1H-benzofuran[4,5- 

d]imidazol-1-y7.)ethyl)acetamide 

In a 25m1 reactor, ethanol. (10m1) , 2-(2-methoxy- 
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dihydro-1H-benzofuran 	[4,5-d]imidazol-1-y ) 	ethanamine 

(55mg, 0.236mmol), acetic anhydride (0.025m1, 0.259 .ol) 

and sodium carbonate (27.5mg, 0.258mmol)were added. The 

reaction mixture was heated under reflux for lh and then 

evaporated under reduced pressure. The obtained oil was 

dissolved in ethyl acetate (30m1) and washed with 10% 

aqueous sodium carbonate solution (10m1). The organic 

extract was dried over magnesium sulfate, roto-evaporated 

and the resulting solid was purified by chromaLography 

(MPLO) (CHC13:Me0H 9d) resulting in a white solid product. 

(m=58mq. Yield: 89%) 

-H AWR (300 MHz, CHLOROFORM-d) 5ppm 1.95 (s, 3 H) 3.38 - 

3.61 (m, 5 II) 4.06 - 4.13 (m, 6 h) 4.63 (t, J=8.59 TIZ, 2 

5.95 (br s, 1 h) 6.68 (d, J 8.44 Hz, 1 H); 

13C 1V14R (75 MHz, CHLOROFORM-d) 5ppm 23.10 ( 
	

28.95 

(s, 	) 39.74 (s, 1 C) 42.02 (s, 1 C) 57.02 (s, 1 C) 71.45 

(s, 1 C) 103.87 (s, 1 C) 106.33 (s, 1 C) 116.64 (s, 1 C) 

130.76 (s, 1 C) 134.30 (s, 1 C) 156.77 (s, 1 C) 151,1.3 (s,  
1 C) 170.67 (s, 1 C). 

Example 18 

N-(2-(5-bromo-2-ethoxy- methoxy-1H-benzimidazo1.e-1-

yl)ethyl)acetamide 

In a 10m1 reactor, N-(2-(2-ethoxy methoxy-1H- 

benzimidazole-1-yl)eth 1)acetamide 	(Example 1) 	(100mg, 

0.360mmol), chloroform (5m1) and N-bromosucci imide (64mg, 

360mmol) were added. The reaction medium was under reflux 
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and kept under stirring for 6  hours. The reaction medium 

was diluted w.th chloroform (50m1), the organic phase was 

washed with 5% agueous sodium carbonate solution (3x30m1), 

dried with magnesium sulfate, rota-evaporated and purified 

by 	chromatography 	resulting 	in 	a 	white 	solid 

(m=70mg. Yield: 	54%) 

1H NMR 	(500 MHz, CHLOROFORM-d) 	5ppm 1.46 (t, J-7 

product. 

Hz, 

H) 	1 . 89 	- 	1.93 	(,m, 	3 h) 	3.56 	(, , 	J-5.95 Hz , 	2 	H) 3.88 	- 

3.92 (m, 	3 H) 	4.13 	(t, J 5. 8 7 Hz, 2 h) 	4.51 	- 4.59 (.m, 	2 .H)  

5.71. (.der' 	s, 	.1 	H) 	6.7.9 (s, 	1 E) 	7.67 	(s, 	1 	H) 

Example 19 

N-(2-(5-chloro-2-etnoxy-6-methoxy-1H-benzimidazole-1-

yl)ethyl)acetamide 

HN 

( 121. ) 

Tn a 50m1 reactor N-(2-(2-ethoxy-6-methoxy-1H-

benzimidazole-1-yl)ethy-)acetamide (Example 1) (0.5g, 

1.80mmol), isopropanol 	(25m1) and N-chlorosucc nimide 

(0.241g, 1.80mmol) were added. The reaction medium was  

under reflux and keDt under heating and stirring for 24 

hours. After the reaction was comolete, the reaction medium. 

was rata-evaporated to dryness and diluted with chloroform 

(200m1). The chloroform was washed with 5% aqueous sodium 

carbonate solution (3x150m1), dried with anhydrous 

magnesium sulfate and ro o-evaporated. The residue 

containing the raw product was purified by chromatography 

resulting in a white solid product. (m- 345mg. Yield: 61%) 
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I'JMR (500 MHz, CHLOROFORM-d) 5ppm 1.44 	.50 m, 3 

1.89 - 1.93 (in, 3 1:1) 3.47 - 3.72 (m, 2 H) 3.89 	3.93 On, 

H) 4.12 (t, J=5.871- , 2 H) 4.44 	4.68 (m, 2 H) 7.27 (s, 

H) 7.50 (s, 1 H) ; 

13C NMR (75 MHz, CHLOROFORM-d) appm 14.70 (s, 1 C) 23 17 

(s, 1 C) 39.02 (s, 1 C) 41.13 (s, 1 C) 56.95 (s, 1 C) 66.41 

(s, 1 C) 93.00 (s, 1 C) 116.67 (s, 1 C) 118.99 (s, 1 C) 

133.00 (s, 2 C) 133.82 (s, 1 C) 150.76 
	

157,05 (s, 

1 C) 170.76 (s, 	C). 

Example 20 

N- (3- (5-chloro-2-€ thoxy-6-me .boxy-1H -be^ zimidazole-1- 

y1)propyl) acetamide 

(142) 

In a 10m1 reactor,N-( (2-ethoxy-6-methoxy-1H-

benzimidazole-1-yl)propyl)acetamide (Example 8) (50mg, 

0.172mmol), N-chlo succinimide (23mg, 0.172mmol) and 

isopropanol (2m1) were added. The reaction medium was kept 

under reflux and stirred for 18 hours, then poured into 

chloroform (40m1). The organic phase was washed with 5% 

aqueous sodium carbonate solution (3x20m1) , dried with 

magnesium sulfate, rota-evaporated and the residue purified 

by flash chromatography resulting in a white solid. 

(m=42mg. Yield: 75%). 

If Ni R (300 MHz, CHLOROFORM-d) appm 1.49 	J-7.09 Hz, 

. 94 	2.03 (m, 5 H) 3.26 (g, J=6.68 	, 2 H) 3.92 - 
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4.03 5 h) 

6.72 (s, 1 11) 7.53 (5, 1 II); 

4.59 (q, J=7.12 Hz, 2 R) 5.58 1 

3C NYR (75 MHz, CHLOROFORM-d) oppm 14.74 	f 
	C) 23.30 

(s, 1 C) 28.73 (s, 	C) 36.91 (s, 1 C) 39.70 (s, 1 C) 57.10 

(s, 	C) 66.47 (s, 1 C) 93.23 (s, 1 C) 116.80 (s, 1 C) 

119.13 (s, 1 C) 132.36 (s, 1 C) 134.12 (s, 1 	150.68 (s, 

1  C) 157.06 (s, 1 C) 170.18 (s, 1 C). 

Example 21. 

N- -(5-ch7.oro-2,6-dimethoxy-1H-benzimidazole-1 

propyl)ecetamide 

(144) 

In 	a 	10m1 	reactor, 	N- 3-(2,6-dimethoxy- Ii- 

benzimidazole-1-y1)propyl)acetamide (Example 9) (48.5mg, 

0.175mmol), N-chlorosuccinimide (24.1mg, sl .180mmol) and 

isopropanol (2m1) were added. The reaction medium was kept 

under reflux and stirred for 6 hours, then poured into 

chloroform (40m1) . The organic phase was washed with 5% 

aqueous sodium carbonate solution (3x20m1), dried with 

magnesium sulfate, roto-evaporated and the residue purified 

by 	chromatography 	resulting 	in 	a 	white 	solid. 	(m=37mg. 

	

Yield: 	68%). 

	

NMR 	(500 MHz, CHLOROFORM-d) 	op pm 1.82 	2.13 5 H)  

3.27 	(q, 	=6.82 Hz, 	2 	1) 	3.84 	- 	3.94 	(m, 	3 	H, .99 (t, 

J=6.87 Hz, 	2 Br.) 4.11 	4.19 	On, 	3 119 	5.54 	(br a, / 119 6.72 

(s, 	) 7.54 (s, 1 119 

Example 22 
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N-(2-(5-chloro 2,6-dimethoxy-11-1-benzimidaz le-1-

yl)ethyl)acetamide 

(1.43) 

a 	10m1 	reactor, 	N-(2-(2,6-dimethoxy-1H- 

benzimidaz de-l-yl)ethyl)acetamide 	(Example 10) 	(60mg, 

0.228mmol), N-chlorosuccinimide(30.4mg, 0.228mmol) and 

isopropanol (3m1) were added- The reactionmedium was kept 

under reflux and stirred. for 96 hours, then poured into 

chloroform. (40m.1). The organic phase was washed. with 5% 

aqueous sodium carbonate soluLion (3x20m1), dried with 

magnesium sulfate, roto-evaporated and the residue purified 

by flash chromatography resulting in. a white solid. 

(m=18mg. Yield: 27%) 

1H NMR (300 MHz, CHLOROFORM-d) 5ppm 1.88 	1.96 (m, 3 10 

3.52 - 3.68 (in 2 H) 3.92 (s, 	09 	4.17 	5 1.0 

6.80 (s, 1 H) 7.52 (s, 1 H); 

C NMR (75 MHz, CHLOROFORM-d) 	aPPIn 23.16 	(s, 	1 	C) 	39.02 

(s, 	.1 

(s, 	I 

C) 

C) 

41.14 	( 

116.74 

	

1. 	C) 

	

(s, 	1 

56.94 	(s, 

C) 	119.10 

1 C) 

(s, 	1 

37.25 	(s, 	.1 	C) 	93.02 

u) 	133.18 	(s, 	1 	C) 

133.68 .1 	C) 1.50.85 (s, 	1 	C) 157.6 170.83 	(s, 

C). 

Example 23 

N-(2-(5-chloro-2-ethoxy-6-methox -1H-benzimidazole-1-y1) 

ethyl) cyclopropanecarboxamide 



NN 

N ( 141 ) 
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In a 10m1 reactor, 	N-(2-(2-ethoxy-6-methoxy 1H- 

benzimidazole-1-yl)ethyl)cyclopropane carboxamide (Example 

4) (92mg, 0.329=01), N-Chlo osuccinimide (45mg, 0.337=1) 

and isopropanol (4m1) were added. The reaction medium was 

kept under reflux and stirred for 24 hours, then poured 

into chlor form (60m1). The organic phase was washed with 

5% aqueous sodium carbonate solution (3x30m1), dried with 

magnesium su]late, roto-evaporated and the residue p-r:fiec 

by chromatography resulting in a white solid. (m= 61mg. 

Yield: 60%). 

1H NMR (500 MHz, CHLOROFORM-d) 5ppm 0.66 	0.85 	2 H)  

0.87 	1.02 (rn, 2 H) 1.20 	1.34 (m, 1 H) 1.46 (t, 	7.10 

Hz, 3 H) 3.57 - 3.74 (ni, 2 H) 3.89 	3.98 (in, 3 H) 4.11 (t, 

J=5.80 Iz, 2 E) 4.45 - 4.66 (m, 2 E) 6.76 (s, f H) 7.27 (s, 

1 H) 7.50 (s, 1 h). 

EXAMPLE 24 

N-(2-(7-chloro-2-e qoxy-6-m t ox 1H-leenzimidazole-1-

yflethyl)acetamide 

(151) 

a 125m1 reactor, N-(2 f ethoxy- methoxy-1H- 



WO 2018/076090 
	 76 	 PC T/BR2017/050320 

benzimidazole-1-yl)ethyl)acetamide (Example 1) (0.5g, 

1.80mmol), 	chloroform 	(50m1) 	and N-chl r succinimide 

(0.270g 2.02mmo ) were added. The reaction medium was 

under reflux and kept under heating and stirring for 48 

hours. After this period, the reaction medium was roto-

evaporated to dryness and diluted with chloroform (200m1). 

The chloroform was washed with 5% aqueous sodium carbonate 

solution (3x150m1), dried with anhydrous magnesium sulfate 

and roto-evaporated. The residue was fractionated by 

chromatography resulting :111 a white solid product, 

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

1B NMR (300 MHz, DMSO-d6) appm 1.38 (t, J=6.97 Hz, 3 

1.74 (s, 3 H) 3.33 - 3.40 (:1, 3 H) 3.84 (s, 3 H) 4.28 (t, 

L.7.- 87 Hz, 2 h) 4.47 (q, J= 7 e J9 Hz, 2 H) 6.93 (d, J-8.44 

Hz, 1 H) 7.31 (d, J-8.80 Hz, 1 H) 7.99 (br t, LT=5.87HZ, 1 

11); 

234 NMR (75 MHz, DMSO-d6)  6.ippm 14.41 (s, 1 C) 22.45 (s, 1 C)  

42.15 (s, 1 C) 56.94 (s, 1 C) 66.07 (s, 1 C) 102.83 (s, 1 

C) 106.80 (s, 1. C) 115.80 (s, 1 C) 130.18 (s, 1 C) 135.87 

(s, 1 C) 149.98 (8, 1 C) 157.30 (s, 1 C) 1.6.9.44 (s,1 C) 

2. Tests conducted and. Test Results 
The examples described herein are for the sole 

purpose of exemplifying one of a number of ways of carrying 

out the invention, but are not limited to the scope 

thereof. 

Description of Tables 

Table 1: Binding and functional assays results on 

melatonergic receptors NT1 and NT2 for selected compounds. 

Table 2: Permeability study results onCaco-2 cells (10-6 

cmis). 
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Table 3: Water solubility study results, expressed as .iM. 

Table 4: Intrinsic clearance study results on cryopre erved 

human hepatocytes, expressed as half-life (minutes). 

Table Vii, Results for the inhibition study in human 

recombinant cytochromes (CYP),expressed as percent 

inhibition (%). 

Table 6: Pharmacokinetic profile study results in CD®1 mice 

and Wistar-Han mice after oral. (10mg/kg) and intravenous 

(lmg/kg) administration of the compounds. 

2.1 - MT1 and MT2 - Binding 

The binding assay was performed in melatonergic MT1 

and MT2 receptors in order to check the receptor affinity 

for the ligand, i.e. the ability of the molecule to bind 

to the respective receptors. The Ki described in the 

results is the dissociation constant and measures the 

affinity of a non---radioactive test compound for the 

receptor. The IC50 shows the concentration of the substance 

required for achieving 50% inhibition of the receptors. Kd 

shows the affinity of the radio .iigand to the receptor. 

Receptor inhibition is measured by the % of inhibition a. 

binding specific control. Recombinant human cells (CHO-

derived) and [1251]2-iodomelatonin compound labeling were 

used followed by incubation and detection at concentration 

of 0.01-0.O5nM by Scintillation Count, with Kd 0.04nM and 

0.OB5nM, respectively. Incubation was performed for 60-120 

min at 37°C 

According According to the results, agomelatine showed high 

affinity to the melatonergic receptor MT1 (Ki 0.2nM) and 

MT2 (Ki 0.042nM), The inventive compounds also showed high  

affinityfor both MT1 and MT2 receptors, as demonstrated in 
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Table 1. The affinity of compounds 120, 121, 140, 142 and 

143, expressed as affinity constant (Ki) values by the MT1 

receptor was 1.1, 0.88, 2.2, 1.3 and 2.1nM. The affini 

for the MT2 receptor was 4  5, 0,93, 	, 1.6 and 0.8 nM, 

respectively. 

Table 1 

Chemical 
structure 

g 

Compound  
code 

1A2-76 

MT1 
Binding 

MT2 
Binding 

MT1 
Function 

al. 

MT2 
Functiona 

1. 

Ki 	(nM) Ki 	(nM) 
F,C0 

- 
(n) 

EC 5O 	(cM) 

.-k..„(---i tk, (agomelat 
ine) 

0.2 0.042 0.1.5 0.019 

-,0'--..e-- 
V.,,,, 

--MA 

d 

_I 
- Nmi, 

f
_ 

ks 

—0, 	 

1A2-120 

1A2-121 

1.1 

0.88 

4.5 

0.93 

0.19 

0.16 

0.38 

0.25 

-44Ft 

1A2-140 2.2 11 2.1 1.2 
..,...-„, 

;--0, 
cH, , „,,,,, 
t 

-----hti 

IA2-142 1.6 3.4 0.39 

-.N 
Clip 

as 

a 	
. 

IA2-143 2.1 0.8 0.25 2.8 

2.2 - MT1 or MT2 - Functional. 

Functional results are assays that allow the 
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determination of the intrinsic activity of d u 

indicating whether a compound is an agonist, antagonist 

inverse agonist. The E 50 shows the drug concentration 

required to induce half the maximal effect, after a 

specific exposure time, and is usually used as way to 

measure the potency of a drug. As an example, we can 

mention the use of HEK-293 as a recombinant cell in which a 

specific stimulus was performed (according to the 

drug/compound 	study) , followed. by incubation. The 

detection of the result was carried out by Cellular 

Dielectric Spectroscopy for impedances or by HTRF 

(Homogeneous Time Resolved Fluorescence) to detect IPI 

(myo-Inositol 1 phosphate), a protein related to 

intracellular signaling. 

According to the results from the assay, agomelatine 

behaves as an agonist and showed high potency for the MT1 

receptors (E.C50 0.15nM) and MT2 (EC50 0.019nM). The 

inventive compounds also behave as agonists and 

demonstrated high potency to the melatonergic receptors MT1 

and MT2, as shown in Table 1, The potency of compounds 120, 

121, 140, 142 and 143 for the MT1 receptor, expressed as 

EC5O, was 0.19, 0.16, 2.1, 3.4, O.25nM. And the potency of 

the same compounds for the MT2 receptor was 0.38, 0.25, 

1,2, 0.39 and 2.8 nM, respectively, demonstratingthat 

compounds 120, 121 and 143 have higher potency for MT1 with 

respect to MT2 and compounds 140 and 142 show higher 

potency for MT2 with respect to MT1. 

2.3- Permeability 

Permeability tests were performed using Caco-2 cells, 

a. colorectal epithelial adenocarcinoma cell line, These 
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cells resemble intestinal epithelial cells in some aspects, 

such as the formation of a polarized monolayer, a well-

defined brush border on the apical surface, and 

intercellular junctions. 

The test is performed in both directions [apical to 

basolateral (A-B) and basolateral to apical (B-A.) ] through 

the cell monolayer, allowing an efflux ratio that provides 

an indicatoras to whether a compound undergoes active 

efflux, Particle detection was performed with HPLC-MS/MS 

(mass spectrometry) according to the calculation of the 

peak area of the result. MS/MS was performed by combining 

two mass detectors in a single instrument , 

A-B permeability was performed at pH 6.5/7.4 with 

incubation time of 0 and 60 minutes at 37°C and B-A 

permeability was performed at pH 6.5/7.4 with incubation 

time of 0 and 40 minutes at 37°C. 

The results in Table 2 show that the test compounds 

presented good permeability rate (> 10 	cm/s) in Caco-2 

cells. 

Table 2 

Chemical 
Structure 

Permeability 
A-B (pH 
6.5/7.4) 

 

Permeability 
B-A (pH 
6.5/7.4) 

Molecule Code 

0 

1A2-76 
(agomelatine) 

83.9 48.5 

CH3 

1A2--120 32.1 29.5 



IA2-121 

IA2-1 

58. 32.1 

27.3 55.1 

34.0 57.8 1A2-142 

0 
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2.4 - Water Solubility 

Water solubility of the present invention was 

determined by comparing the peak area calculation in a 

calibration standard (200pM) containing organic solvent 

(methanol/water, 60/40, v/v) with the area calculation of 

the .:o.r.•respond.ing peak in a buffer• sample. In addition, 

chromatographic purity (%) was deflned as the calculation 

of the main peak area r•elatJ.ve to the calculation of the 

peak area integrate of the standard HPLC calibration 

chromatogram. A standard calibration chromatogram was then 

generated for each compound tested along with a UV/VIS 

spectrum with maximal labeled absorbance. The shake-flash 

technique was used with constant stirring during incubation 

to keep a uniform medium for 24 hours in PBS at pH 7.4. The 

results showed that the solubility of the test compounds 

was similar to that of agomelatine, as shown in Table 3 

Table 3 



CrE, 

H.,C 

IA2-140 

i" 
• ">"--"P 

\—„ 

IA2-1 42 
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Chemical. 
Structure 

Molecule Code 
PBS, pH 7.4 

(1,1M) 

IA2-76 
( agomelatine 

196 

H 

IAz- 200 

MT" 

IA2-121 

	C-H3  

200 

197.2 

180.8 

  

CH 

  

gis 
NIT 

Cttis  

i2 A.43 196.7 

    

     

-Intrinsic Clearance 1.n human hepatocytes 

Cryopreserved hepatocytes from humans, rats ( prague- 

Dawley males) and from mice (CD-1 males) were used for 

incubation at different times (0, 0.5, 1, 1.. 	2 hours) at 

37 °C followed by HPLC-MS /MS detection.. The aim was to 

verify the clearance time of the test substance on 

hepatocytes. The experiment was performed on a 96-well 

plate and the cryopreserved hepatocyte.s were thawed and 

resuspended in Krebs-Heinslet buffer (pH 7.3). The reaction 

was started by adding each test compound to each cell 
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suspension and performing the incubation at the times 

indicated above. The reaction was quenched with addition of 

acetonitrile in the wells and detection by HPLC-MS/MS (mass 

spectrometry). MS/MS is performed by combining two mass 

detectors into a single instrument. 

The half-ii 	expressed in minutes for intrinsic 

clearance in human hepatocytes was greater than 120 minutes 

for all inventive compounds, while agomelatime had a 

clearance haaf-life of 48 minutes, as shown in. Figure 5.  

Similar results were seen with the compounds 120 and 121 in 

CD-1 mice and in Sprague-Dawley rats, compounds 120 and 121 

presented clearance half-lives of 53 and 52 minutes, 

respectively, compared to 50 minutes for agomelatine (Table 

4). 

Table 40 

Chemical 
Structure Structure 

 Code Human Sprague 
Daley 

Rat 
- 

w 

50 

53 

52 

Mouse CD® 
1 

25 

>120 

>120 

---., '---,. 
...--- 

_am 

NH 
j 

0 

CH,,  

0 11 
Ct4 

1A2-76 
(agomelatine) 

IA2-120 

1A2- 	. 

48 

>120 

>120 

_./ -I, 

Lk2-140 >120 > 120.0 >120 
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- 
1A2-142 >120 >120.0 >120 

, 

Hir 
Q 

CH 

N.,--- ,d IA2-143 >1.20 1.08 >120 

2. 6 - Inhibition of CYP 

The CYP inhibition test used fluorogenic substrates 

specific to each CYP to check for inhibition thereof by 

detection of the expected metabolite using

( 

 a fluorimetric 

method. Recombinant CYPs (CYP2B6, CYP2 8, YP2C9, CYP2C9, 

CYP2C19, CYP2D6, CYP3A4) from specific humans for each 

cytochrome family, subfamily and polypeptide were used. The 

following were used as substrates: CEC (3-Cya o 7-

Ethoxycoumarin) which forms as metabolite CHC (3-Cyan 7- 

Hydroxycoumarin); 	EFC 	(7-Ethoxy-4-trifluoromethyl 

coumarin), 	forming 	the 	metabolite 	HFC 	(7- 

Hydroxytrifluorometnylcoumarin); UHF (Dibenzylfiuorescein) 

and its respective fluorescein metabolite; MFC (7-Methoxy-

4-trifluoromethylcoumarin) which forms the metabolite HFC 

(7-Hydroxytrifluor-methylcoumarin); 	BFC 	(7-Benzyloxy- 

Trifluoromethylc umarin) and its metabolite HFC; and BzRes 

( enzyloxyresorufin) to form resofurine. The detection of 

the metabolite was done with a fluorimetric method: 

analytical technique to identify and characterize the 

amount of substance by excitation using a beam of 

ultraviolet light and measurement of the emitted 

fluorescence. For detection, a 96-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 vehicle (control). 

Compounds were tested at a concentration of 1011M, standard 

for this assay. They were preincubated with a NADPH 

generator system in a phosphate buffer (pH 7,4) for 

minutes at 	C. The reaction was started by adding the 

specific CYP enzymes, substrate and bovine serum albumin 

(BSA < 0.4mg/ml) Incubations were performed between 20-50 

minutes at 37 	according to the specific parameter of each 

fluorogenic substrate, for the evaluated component, 

Fluorescence at each well was detected. before and after the 

incubation period. 

The results demonstrated that the inventive compounds 

do not present high affinity to the 07 cytochrome isoforms 

analyzed (CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, =206, 

CYP3A4), specially to CYP1A2, CYP isoform which agomelatine 

has high affinity, according to Table 5. 

Table 5 
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2.7-Pharmacokinetics (PK) in Mouse - I,V. and oral. 

PK tests were performed with CD-I mice, using 4 

animals per molecule tested, 2 animals for pharmacokinetic 

analysis by intravenous (IV) administration and 2 animals 

for oral administration. The treatment was carried out in a 

single dose: I.V. group with dose of lmg/kg and Oral group 

with dose of 10 mg/kg. The vehicle consisted of 5% DMSO, 

30% PEG400 and 65% water. Blood collection was performed 

after euthanasia at. 08 defined time points and at 24 hours 

post-dose. The pharmacokinetic analysis parameters detected 

for Group IV were: half-life (tl/2) , drug concentration at 

time zero (CO) , last measurable plasma concentration 

(AUClast), area under the plasma concentration curve 

extrapolation percentage (AUC%ext), area under the plasma 

concentration curve extrapolation to infinity (AUCinf), 
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volume of distribution (Vz), steady state volume of 

distribution 	clearance (CL) and mean residence time 

(MRT). The parameters evaluated for the Oral group were: 

bioavailability ( %', maximum concentration reached (Cmax), 

time to reach maximum plasma concentration (Tmax), last 

measurable plasma concentration (AUClast), area under the 

plasma concentration curve extrapolation percentage (AUC% 

ext), area under the plasma concentration curve 

extrapolation to infinity (AUCinf), area under the plasma 

concentration curve extrapolation ¢  to infinity versus dose 

(AUCinf/Do e), half-Life (t1/2), and mean residence time 

(MRT). 

After intravenous administration of the compounds to 

mice, the inventive molecules 120, 121, 140, 142, 143 and 

agomelatine presented higher CO and lower Clearance than 

agomelatine, highlighting the imp-oved pharmacokinetics of  

the inventive molecules. 

According to the results after oral administration in 

mice, the compounds and agomelatine showed a Tmax of 0.25h, 

except compound 140 (0.375h). In addition, all the 

inventive compounds showed a Cmax higher than agomelatine, 

being 3405, 6490, 5010, 7550, 8915ng/m1 for compounds 120, 

121, 140, 142 and 143, respectively, in comparison to 

21.9ng/ml for agomelatine. In addition, the last measurable 

plasma concentration (AUClast) of the compounds was also 

higher in comparison to agomelatine. Finally, the 

bioavailability of the inventive compounds was considerably 

higher in comparison to agomelatine, being 44, 138, 71.3, 

51.8 and 153% (120, 121, 140, 142 and. 143) compared to 

2.42% for agomelatine (Table 6). 



IA2- IA2- IA2- IA2- 
121 140 142 143 

0.178 0.296 0.275 0.187 

2052 1956 412 2659 

29.4 18.8 10.3 25. 

0.14 523 0.409 0.289 

53.3 26 16.6 

0.2E. 0.375 0.25 0.25 

6490 5010 7550 8915 

7865 37 8285 9986 

1.38 71..3 51 1.53 

:3508 2435 1.0892 4049 

11.2 36.- 106 T-72.3: 

Mouse 

Rat 

Cmax(ng/m1 

AUClast 
ngimi 

Tmax(n) 

F (%) 

21.9 3405 

22.6 

2.,r 	44 

0.25 

1.025 

2342 

0.25 

15.9 

554 

Mouse 

Rat 

(B) 

Table 
(A) 

AUClast(h* 
ng/m1)  

F (%) 

T1/2 	 
CO 

ng/m1) 
CL 

(ml/min/ 
kg) 

Tin  (h) 

CL 
(ml/min/ 

ka) 

IA2-76 
IA2- 

(agome- 120 
latine) 

0.149 L0.237 

1967 

1.2 

0.295 

39.3. 

811 

116 

0.254 

48.1 
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2.8 - Pharmacokinetics (PK) in Rat - I.V. and Oral 

PK tests were performed on Wstar-Han mice, using 

animals per molecule tested, 2 animals for analysis of T.V. 

pharmacokineties and 2 animals for analysis of oral PK. The 

study lasted for 2 weeks (including acclimation time and 

study), in which the route of administration was made by 

injection into the caudal vein and oral garage. The 

treatment was carried out in a single dose: I.V. group with 

dose of lmg/kg and Oral group with dose of 10mg/kg, The 

vehicle consisted of 5% DMSO, 30% PEG400 and 65% water. 

Clinical observations were made twice a day (morning and 

afternoon) in the pre-dose at the 08 time points defined in 
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the protocol. Blood collect on was performed after 

euthanasia in the pre-dose animals at 08 defined time 

points and at 24 hours post-dose. The pharmacokinetic 

analysis parameters detected for Group IV were: half-life 

(t1/2), drug concentration at time zero (CO), last 

measurable plasma concentration (AU last), area under the 

plasma concentration curve ext ation percentage 

(AUC%ext), area under the plasma concentration curve 

extrapolation to infinity (AUCinf), volume of distribution 

(Vz), steady state volume or. distribution (Vss), clearance 

(CL) and mean residence time (MRT). The parameters 

evaluated for the 	group were: bioavailability ( 

maximum concentration reached (Cmax), time to reach maximum 

plasma concentration (Tmax), last measurable plasma 

concentration (AUClast), area under the plasma 

concentration curve extrapolation percentage (AUC% ext), 

area under the plasma concentration curve extrapolation o 

infinity (AUCinf), area under the plasma concentrate rt. 

curve extrapolationinfinity versus dose (AUCinf/Dose), 

half-Life (t1/2) , and mean residence time (MRT). 

Following intravenous administration in rats, it was 

observed that the half-lives of compounds 120, 121, 140, 

142, 143 and agomelatine were 0.254, 0.14, 0.523, 0.409, 

0.289 and 0.295h. And the clearance of the same compounds 

was 48,1, 53.3, 26, 16.6, 29.8 and 39.1m1/min/kg, 

respectively. Furthermore, after oral administration to 

rats, compounds 120, 121, 140, 142, 143 and agomelatine 

showed a last measurable plasma concentration (AUClast) of 

554, 3508, 2435, 10892, 4049 and. 1025h*ng/m7., respectively, 

and bioavailability of 15, 9, 112, 36.5, 108, 72.3 and 
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22.6%, respectively (Table 6). Thus, some of the inventive 

compounds 	also 	demonstrated higher pharmac kinetic 

parameters than agomelatine in Wistar-Han rats. 
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Claims 

1. A COMPOUND characterized by having the general formula 

(II): 

 (II) 

 

wherein 

X is an oxygen atom; 

A represents a linear alkyl C2-4group which may have one or 

more of its hydrogens replaced by an alkyl group selected from 

methyl, ethyl, propyl or isopropyl; 

R1 represents an alkyl C1-6or alkenyl C2-6or alkynylC2-6 or 

haloalkyl C1-6or cycloalkyl C3-6or C1-2-alkyl cycloalkyl-C3-6 group; 

R2 represents a hydrogen or an alkyl C1-3group; 

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-

1-yl)ethyl)acetamide. 

3. PROCESS FOR OBTAINING THE COMPOUND of general formula 

(II), characterized for comprising the following steps: 

(a) reacting a compound of formula (IX) 

(IX) 
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with an tetraalkylorthocarbonate selected from the group 

comprising tetramethylorthocarbonate and tetraethyl 

orthocarbonate, to obtain a compound of formula (X) 

 

 (X) 

wherein R2, “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) 

(XI) 

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

a carboxylic acid anhydride of formula (IV) 

(IV), 

or with a carboxylic acid halide of formula (V) 

(V), 

to obtain the compound of formula (IIa), 

(IIa), 

wherein R1is as described for the compound of formula (II) and 

X1represents a bromine or chlorine atom; 
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(d) reacting the compound (IX) with thiourea obtaining the 

compound of formula (XII) 

(XII); 

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

with an alkylating agent obtaining the compound (XIII) 

 

(XIII) 

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) 

 (XIV); 

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

acid anhydride of formula (IV) 

(IV), 

or with a carboxylic acid halide of formula (V) 

(V), 

O 

O 
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to obtain the compound of formula (IIb): 

(IIb). 

4. PROCESS FOR OBTAINING THE COMPOUND of general formula 

(IIa) 

 

characterized for comprising the following steps: 

(a) reacting a compound of formula (IX) 

 

(IX) 

with an tetraalkylorthocarbonate selected from the group 

comprising tetramethylorthocarbonate and tetraethyl 

orthocarbonate, to obtain a compound of formula (X) 

 (X) 

wherein R2, n is 0 or 1; p is 1 or 2; 

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

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

 

O 
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(XI) 

 

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

a carboxylic acid anhydride of formula (IV) 

(IV), 

or with a carboxylic acid halide of formula (V) 

(V) 

wherein R1 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 

formula(IIb) 

 

characterized for comprising the following steps: 

(d) reacting a compound of formula (IX) 

 

(IX) 

with thiourea obtaining the compound of formula (XII) 

O 
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(XII); 

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

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

(XIII) 

wherein n = 0 or 1; 

(f) reacting the compound obtained in (e) with a deprotecting 

agent to obtain a compound of formula XIV: 

 (XIV); 

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

a carboxylic acid anhydride of formula (IV) 

(IV), 

or with a carboxylic acid halide of formula (V) 

(V). 

6. A PHARMACEUTICAL COMPOSITION characterized by 

comprising: 

a) at least one compound of formula (II): 

OH 

O 

O 
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   (II) 

wherein 

X corresponds to an oxygen atom; 

A corresponds to a linear alkyl C2-4 group, which may have one 

or more of its hydrogens substituted by an alkyl group selected 

from methyl, ethyl, propyl or isopropyl; 

R1 is an alkyl C1-6, or alkenyl C2-6, or alkynyl C2-6, or 

haloalkyl C1-6, or cycloalkyl C3-6, or C1-2-alkyl-cycloalkyl C3-6 

group; 

R2 is a hydrogen or a alkyl C1-3 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-

1-yl)ethyl)acetamide; 

 N-(2-(2-methoxy-7,8-dihydro-1H-benzofuran[4,5-d] imidazole-

1-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. 

 


