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AMIDE COMPOUNDS AS 5-HT; RECEPTOR AGONISTS

FIELD OF INVENTION

The presenf invention relates to compounds of formula (I), or their stereoisomers
and pharmaceutically acceptable salts thereof as 5-hydroxytryptamine 4 (5-HT,) receptor
agonists. The present invention also describes method of making such compounds and

pharmaceutical compositions comprising such compounds.

BACKGROUND OF THE INVENTION
The 5-HT4 receptor is one of the seven subtypes of 5-hydroxytryptamine (5-HT)

receptors. It is a 7-transmembrane domain protein coupled to a G-protein positively linked
to the activation of adenylate cyclasé (Molecular Pharmacology, 1990, 37, 408-411). 5-
HT,4 reéeptor agonists are found tolhave potential utility in the treatment of disorders such
as Alzheimer’s disease (AD); schizopherenia, depression, attention deficit hyperactivity
disorder, Huntington’s disease, Parkinson’s disease and several other psychiatric disorders
(Current Topics in Medicinal Chemistry, 2010, 10, 527-553). 5-HT, receptor agonists are
known to improve memory in different behavioral experiments in rodents (Naunyn-
Schmiedeberg's Archives of Pharmacology, 2003, 367: 621-628). 5-HT,4 réceptors also
play a key role in the regulation of synaptic plasticity and the determination of particular
properties of stored synaptic information (Cerebral Cortex, 2005, 15, 1037-1043).
Autoradiographic studies using the 5-HT4 receptor antagonists ['*I] SB207710 and
[’H]GR113808 in rat, mouse, guinea pig or post-mortem human brain showed that the 5-
HT, receptor is present at a high density in the limbic system including the hippdcampus
and frontal cortex (Neuropharmacology 1994, 33, 527-541; European
Neuropsychopharmacology, 2003, 13, 228-234) suggesting a role of 5-HT, receptor in
memory and cognition.

No dmgs are in the market that specifically targets the cellular mechanisms of
Alzheimer’s disease (AD), namely the generation of the neurotoxic amyloid f-protein
(AP) from the amyloid precursor protein (APP). AD is a progressive neurodegenerative

disorder characterized by the appearance of senile plaques mainly composed of amyloid B-

‘protein (AB) and the development of neurofibrillary tangles in patient’s brains (Journal of

Neuropathology & Experimental Neurology, 1997, 56, 321-339). AD patients also have
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cognitive deficits, impaired long-term potentiation (LTP), learning and memory deficits
(Neuron, 2004, 44, 181-193) and a consistent deficit in cholinergic neurotransmission.
Patent publications W02005049608, | WO02006090224, WO02011099305, |
WO02011101774, W02007048643I, WO02007068739, W02007096352, US20080207690
and US20080269211 disclosed some 5-HT,4 receptor compounds. While several 5-HT,4
receptor agonists/partial agonists have been disclosed in the literature, no compound,
either agonist or partial agonist targeting 5-HT,4 receptor is launched in the market until
now for the treatment of dementia related disorders. Therefore, there is a need and scope
to discover new 5-HT, receptor agonists/partial agonists with novel chemical structures for

treatment of disorders that are affected by the 5-HT, receptor..

SUMMARY OF THE INVENTION

In one aspecf, the present invention relates to 5-HT4 receptor agonists. of compound

of formula (I),

O .
)J\E

or their stereoisomers and pharmaceutically acceptable salts thereof;

wherein,
r 1s : ; : :
X is halogen or hydrogen

3 DNU 3OO -?O“Q,
H D) OO +(0<
-§4<:/\N/m’_§<_/ /\b §‘<_J /\b
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“wnnn” is point of attachment;
-------- ”is a bond or no bond; «

R, is hydrogen, fluroine or hydroxyl,

R, at each occurrence is hydrogen or fluorine;

113 ”

is1or2.

In another aspect, the present invention relates to the processes for preparing the
compounds of formula (I), or their stereoisomers and pharmaceutically acceptable sélts
thereof. |

In yet another aspect, the present invention relates to pharmaceutical composition
containing a therapéuticaliy effective amount of at least one compound of formula (I), or
their stereoisomers and pharmaceutically acceptable salts thereof and pharmaceutically
acceptable excipients' or carriers. ‘

In yet another aspect, the present invention relates to cofnpounds of formula (I), or
their stereoisomers and pharmaceutically acceptable salts thereof, for use as 5-HTy4
receptor agonists.

In yet another aspect, the present invention relates to compounds of formula (I), or
their stereoisomers and pharmaceutically acceptable salts thereof, for use in the treatment
of various disorders selected from AD, schizophrenia, attention deficit hyperactivity
disorder, Huntington’s disease, Parkinson’s disease or psychiatric disorders.

In still another aspect, the present invention relates to a method for the treatment of
disorder related to 5-HT, receptor, comprising administering to a patient in need thereof, a
therapeutically effective amount of a compound of formula (I), or their stereoisomers and
pharmaceutically acceptable salts thereof.

In yet another aspect, the present invention relatés to use of the compound of

formula (I), or their stereoisomers and pharmaceuticall_y acceptable salts thereof, for the
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manufacture of a medicament for the treatment of disorders related to 5-HT4 receptor. ‘

Representative compounds of the present invention include those specified below.

The present invention should not be construed to be limited to-them.

5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-

'yl]methyl}chroman-8-carboxamide hydrochloride;

5-Amino-6-chloro-N-{[3 -(tetrahydro-ZH-pyran-4-ylmethyl);3-azabicyc10[3 .1.0]hex-6-
yl]methyl}chroman-8-carboxamide hemifumarate; |
5-Amino-6-chloro-N-{{3 -(tefrahydro-ZH-pyran-4-yImethyl)-3-azabicyclo {3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide L(+)-tartarate;

5—Amino-6-chloro-N-{ [3-(tetrahydro-2H-pyran-4-ylmethyl)-3 -azabicyclo[3 .1.0]hex-6-
ylJmethyl}chroman-8-carboxamide; |
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6- -
ylJmethyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]methylv} chroman-8-carboxamide L(+)-tartarate; , _
5-Amino-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]Thex-6-
yl]methyl}chroman—8-carboxamide L(+)-tartarate;
5-Amino-N-{[3-(tetrahydro-2H-pyran-4- ylmethyl) 3-azabicyclo[3.1. O]hex 6-
yl]methyl}chroman-8-carboxamide;

(R,S) 5-Amino-6-chloro-N-{[3-(tetrahydro-3-furanylmethyl)-3- azab1cyclo[3 1.0]hex-6-
ylJmethyl}chroman-8-carboxamide;

(R,S) 5-Amino-6-chloro-N-{[3-(tetrahydro-3- furanylmethyl) 3-azabicyclo[3.1. O]hex -6-
yl]methyl } chroman- 8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[4-fluoro-1-(tetrahydro-3-furanylmethyl)-4-piperidinyl]
methyl}chroman-8-carboxamide; ‘ ‘
5-Amino-6-bromo-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]Thex-6-
yl]methyl}chroman-8-carboxamide; |
5-Amino-6-bromo-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl} chroman-8-carboxamide L(+)-tartarate;

4-Amino-5-chloro-N-{[3 -(tetrahydro-2H-pyran-4—ylmethyl)-3-azabicyclo[3 1 .Q]hex-6-
yl]methyl}benzofuran-7-cé1rboxamide;

4-Amino-5-chloro-N- {[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}benzofuran-7-carboxamide hydrochloride;
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4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran- 4 -yl)-3- azablcyclo[3 1. O]hex -6-
yl]methyl} benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]Jmethyl}benzofuran-7-carboxamide oxalaté; : ‘
4-Amino-5-chloro-2-methyl-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-ylmethyl} benzofuran-7-carboxamide;
4-Amino-5-chloro-2-methyl-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-ylJmethyl} benzofuran-7-carboxamide hydrochloride; ;
4-Amino-5-chloro-N-[(3-isopropyl-3-azabicyclo[3.1.0Thex-6-yl)methyl]-2,3-
dihydrobenzofuran-7-carboxamide; ;
4-Amino-5-chloro-N-[(3-isopropyl-3-azabicyclo[3.1.0]hex-6-yl)methyl]-2,3- "
dihydrobenzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(cyclobutylmethyl)-3-azabicyclo[3.1.0]hex- 6-yl]methyl} -2,3-
dihydrobenzofuran-7-carboxamide; i
4-Amino-5-chloro-N-{[3- (cyclobutylmethyl)-3- azab1cyclo[3 1.0]hex- 6-yl]methy1} 2 ,3-
dihydrobenzofuran-7-carboxamide oxalate; ‘=~’
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4- yl) -3-azabicyclo[3.1. O]hex-6-
yl]methyl}-2,3-dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}-2,3-dihydrobenzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-

* ylJmethyl}-2,3-dihydrobenzofuran-7-carboxamide;

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]mefhyl}-2 3-dihydrobenzofuran-7-carboxamide L(+)-tartaratef

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex- 6-yl]methyl} -2,3-
dihydrobenzofuran-7-carboxamide; |
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex-6-ylJmethyl} -2,3-

dihydrobenzofuran-7-carboxamide oxalate;
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4-Amin0-5-br6mo-N— { [3-(tetrahydropyra‘n-4-yl)-3-azabicycio[3 A .Q]hex-6-yl]methyl}-2,.3-
dihydrobenzofuran-7-carboxamide; |
4-Amino-5-bromo-N-{[3-(tetrahydropyran-4-yl)-3- azablcyclo[S 1.0}hex-6- yl]methyl} 2,3-
dihydrobenzofuran-7-carboxamide oxalate;

5-Amino-6-chloro-N-{[3 -(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3;
azabicyclo[3.1.0]hex-6-ylJmethyl } chroman-8-carboxamide;

5-Amino-6-chloro-N-{[3 -(4-hydroxytetrahydro-2H-pyran—4-ylmethyl)-3 -
azabicyclo[3.1.0]hex-6-ylJmethyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3--
azabicyclo[3.1.0]hex-6-ylJmethyl} benzofuran-7-carboxamide; |
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-

azabicyclo[3 1.0]hex-6-yl]methyl } benzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[1-(4-hydroxytetrahydro-2H-pyran-4- ylmethyl) 4 hydroxy -4-
piperidinyl]methyl} benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[1-(4-hydroxytetrahydro-2H-pyran-4- ylmethyl) 4- hydroxy -4-
piperidinyl]methyl} benzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydropyran-4-ylmethyl)-3- azablcyc10[3 1.0]hex-
6-yl]methyl}-2,3-dihydrobenzofuran-7-carboxamide; ' '
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydropyran-4-ylmethyl)-3- azablcyclo[3 1. O]hex-
6-y1]methyl}-2,3-dihydrobenzofuran—7-carb0xam1de oxalate;
5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl] methyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-ylmethyl)-3-

azabicyclo[3.1 .O]hex-6-yl] methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propyl) 3-azabicyclo[3.1.0]hex-6- |

yl]methyl}chroman-8-carboxamide;

. 5-Amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3- azablcyclo[3 L. O]hex 6-

ylJmethyl}chroman-8-carboxamide L(+)—tartarate,

4-Amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-

-piperidinyl)methyl} benzofuran-7-carboxamide;

4-Amino-5-chloro-N-{[4-fluoro- 1 -(2-hydroxy-2-methyl propyl)-4-
piperidinylJmethyl} benzofuran-7-carboxamide hydrochloride;
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5-Amino-6-chloro-N-{[1-(2-hydroxy-2-methyl propyl)-4-piperidinylJmethyl } chroman-8-

carboxamide;

. 5-Amino-6-chloro-N-{[1 -(2-hydroxy-2-methyl propyl)-4-piperidinyl]methyl } chroman-8-

carboxamide L(+)-tartarate;

4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3- azablcyclo[3 1 O]hex 6-
ylJmethyl}-2,3-dihydrobenzofuran-7-carboxamide;

4-Amino-5- chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}-2,3-dihydrobenzofuran-7-carboxamide oxalate;
5-Amino-6-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-piperidinyl]methyl}
chroman-8-carboxamide;

5-Amino-6-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinylJmethyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-bromo-N-{[1-(2-hydroxy-2-methyl propyl)-4- p1per1dmyl]methyl}chroman 8-
carboxamide;

5-Am1no 6-bromo-N-{[1-(2- hydroxy-2 -methyl propyl)-4- p1per1d1nyl]methyl}chroman 8-
carboxamide L(+)-tartarate;

5-Amino-6-bromo-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}chroman-8-carboxémide;
5-Amino-6-bromo-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-piperidinyl]
methyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[1-(2-hydroxy-2-methyl propyl)-4- plperldmyl]methyl}benzofuran—
7-carboxamide;

4-Amino-5-chloro-N-{[1-(2-hydroxy-2-methyl propyl)-4-piperidinyljmethyl}benzofuran-
7-carboxamide L(+)-tartarate;

4-Amino-5-chloro-N-{ [4-ﬂubro- 1-(2-hydroxy-2-methyl propyl)-4-piperidinylJmethyl}
benzofuran-7-carboxamide L(+)-tartarate;

4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3- azab1cyc10[3 1.0]hex-6-

'ylmethyl}benzofuran-7-carboxamide;

4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-2-methyl-N-{[1-(2-hydroxy-2-methyl propyl)-4-

piperidinyl]methyl}benzofuran-7-carboxamide;
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4-Amino-5-chloro-2-methyl-N-{[1-(2-hydroxy-2-methyl propyl)-4-
piperidinylJmethyl}benzofuran-7-carboxamide L(+)-tartarate; _
4-Amino-5-chloro-2-methyl-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl} benzofuran-7-carboxamide; |
4-Amino-5-chloro-2-methyl-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7- carboxamlde L(+)-tartarate;

~ 4-Amino-5-chloro-2-methyl-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-

6-yl]methyl}benzofuran-7-carboxamide;

5-Amino-6-chloro-N-{[1-(2-fluoro-2-methyl propyl)-4-piperidinylJmethyl } chroman-8-
carboxamide; ,
5-Amino-6-chloro-N-{[1 -(2-ﬂubro-2-methyl propyl)-4-fluoro-4-piperidinyl]

methyl} chroman-8-carboxamide;

' 5-Amino-6-chloro-N-{[1-(2-fluoro-2-methyl propyl)-4-fluoro-4-

piperidinylJmethyl} chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(3-hydroxy-2,2-dimethyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]

methyl}chroman-8-carboxamide;

. 5-Amino-6-chloro-N-{[3-(3-hydroxy-2,2- d1methy1 propyl) -3-azabicyclo[3.1. O]hex 6-yl1]

methyl}chroman-8-carboxamide 1.(+)-tartarate;
4-Amino-5-chloro-2-methyl-N-{[1-(3-hydroxy-2,2-dimethyl propyl)-4-piperidinyl]
methyl}benzofuran-7-carboxamide; .

5 -Amino-6-chloro-N-{[3-(3-methoxy-2,2-dimethyl propyl)-3-azabicyclo[3.1. O]hex 6- yl]
methyl}chroman-8-carboxamide;

5-Amino-6-chloro-N-{[4-fluoro-1 -(3-met_hoxy propyl)-4-piperidinyl]methyl }chroman-8- |
carboxamide;

4-Amino-5-chloro-N-{[3-(3-methoxypropyl)-3-azabicyclo[3.1.0]hex-6-yl] methyl}-2,3-
dihydrobenzofuran-7-carboxamide; - - : o .
4-Amino-5-chloro-N-{[3-(3-methoxypropyl)-3 -ézabicyclo[3 .1.0]hex-6-yl] methyl}-2,3-
dihydrobenzofuran-7-carboxamide oxalate;

4-Amino-5-chloro-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide;

4-Amino-5-chloro-N-{[3-(3-methoxy propyl)-3-azabicyclo[3. 1.0}hex-6-
yl]methyl}beﬁzofuran—7-carboxamide hydrochloride;
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4-Amino-5-chloro-2-methyl-N-{[3- (3—meth0xy propyl)- 3 -azabicyclo[3.1. O]hex 6-
yllmethyl}benzofuran-7-carboxamide;

4-Amino-5-chloro-2-methyl-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]Thex-6-
yl]methyl}benZofuran—7-carb0xamide hydrochloride;

4-Amino-5-bromo-N-{[3-(3 -methoxypropyl)-3-azabicyclo [3.1.0]hex-6-ylmethyl}-2,3-
dihydrobenzofuran-7-carboxamide oxalate; and

5-Amino-6-chloro-N-{[1-(2-fluoro ethyl)-4- plperldmyl]methyl}chroman-8 carboxamlde.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1: Effect of test compound on mice brain cortical sSAPPa levels

Figure 2: Effect of test compound on modulation of acetylcholine from the ventral

| hippocampus of male Wistar rats

Figure 3: Evaluation of the-effecf of test compound on modulation of acetylcholine from
the ventral hippocampus of male Wistar rats |

Figure 4: Effect of test compound on modulation of acetylcholine from the frontal cortex

of male Wistar rats

Figure 5: Evaluation of the effect of test compound on modulation of acetylcholine from’

the ventral hippocampus of male Wistar rats

DETAILED DESCRIPTION OF THE INVENTION

Unless otherw1se stated, the following terms used in the specification and clalms

have the m_eamngs given below:

The term “halogen” means fluorine, chlorine, bromine or iodine.

The term “agonist” means full agonist or partial agonist. _

The phrase "therapeutically effective amount" is defined as an amount of a
compound of the present invention that (i) treats the particular disease, condition or
disorder (ii) eliminates one or more symptoms of the particular disease, condition or
disorder (iii) delays the onset of one or more symptoms of the particular disease, condition
or disorder described herein.

Commercial reagents were used without further purification. RT is defined as an
ambient témperature range, typically from about 25 °C to about 35 °C. Unless otherwise
stated, all mass spectra were obtained using ESI conditions. 'H-NMR spectra were

recorded at 400 MHz on a Bruker instrument. Deuterated chloroform, methanol or

-9.
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dimethylsulfoxide was used as solvent. TMS was used as internal reference standard.
Chemical shift values are expressed in parts per million (&) values. The following
abbreviations are used for the multiplicity of the NMR signals: s=singlet, bs=broad singlet,
d=doublet, t=triplet, q=quartet, qui=quintet, h=heptet, dd=double doublet, dt=double
triplet, tt=triplet of triplets, m=multiplet. . Chromatography refers to column
chromatography performed using 100 - 200 mesh silica Agel and executed under nitrogen
pressure (flash chromatography) conditions.
Embodiments

The compounds of formula (I) may involve below mentioned embodiments. It is to
be understood that the embodiments below are illustrative of the present invention and are
not intended to limit the claims to the specific embodiment’s exemplied. J

According to one embodiment, there is provided a compound of formﬁla (Ia):

O .
/“\E/\ (Ia)

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein, } '
VAV V2 N N NV Vg
O
_ o o 0
/
s it ’
s NH, . NH, | NH or NH, .

X is chlorine, bromine or hydrogen; |
O 0000
. » . ) o 0O o -
O OO (O

_E‘@Nm; |

“nnnr” is point of attachment;

R, is hydrogen, fluorine or hydroxyl.

-10 -
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'According to another embodiment, there is provided a compound of the formula

(Ib-1), derived from compound of formula (I):

OH
H\/@
Ib-1
.o N o _( )‘

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,
O 0 0O
X X / X
is :
NH, NH,  or NH, .

b

“nnn” s point of attachment;

X is chlorine.
| According to another embodiment, there is provided a compound of the formula

(Ib-2), derived from compound of formula (I):

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

— X
)

“ovuw” s point of attachment;

2

X is chlorine.

According to another embodiment, there is provided a compound of the formula

(Ic-1), derived from compound of formula (I):

-11 -
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or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

X.
NH,

b

“w” s point of attachment;

X 1s chlorine.
According to another embodiment, there is provided a compound of the formula
(Id-1), derived from compound of formula (I):

20 SN 1d-1)

H
O N \

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

-------- ”” is a bond or no bond,;
O 0 O @)
/ Y,
- . X X X X
NH, . NH; | NH,  or NH,
“wnn” is point of attachment;
X is chlorine or bromine;
R, is hydrogen or fluorine.

According to another embodiment, there is provided a compound of the formula

(Id-2), derived from compound of formula (I):

-12-
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or their stereoisomers and pharmaceutically acceptable salts thereof,
wherein,
-------- ” 1s a bond or no bond;

|
[Vavavy

0

s”
r
is NH,

“un” i point of attachment;
X is chlorine; _
R, is hydrogen or fluorine.
According to another embo.diment, there is provided a compound of the formula

(Ie-1), derived from compound of formula (I):

N/><\OH (Te-1) '

Ar _
or their stereoisomers and pharmaceutically acceptable salts thereof,
wherein,
e ” is bond or no bond,;

1 [
AAYS [Va¥aVs

o

O A
s NH,  or NH

“su” is point of attachment;

o

X is chlorine.
According to another embodiment, there is provided a compound of the formula

(Ie-2), derived from qompound of formula (I):
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or their stereoisomers and pharmaceutically acceptable salts thereof,

R ” is a bond or no bond;

|
[VaVaVs

‘v is point of attachment;

X is chlorine.

According to another embodiment, there is provided a compound of the forriiula

(If-1), derived from compound of formula (I):

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,
R » is a bond or no bond;
O 0 O O
/ /
. X X X X
NH, ’ NH, | NH, or NH, ;

“nnn” s point of attachment;
X is chlorine or bromine;
Ry is hydrogen or fluorine.

“n”is1or2.
According to another embodiment, there is provided a compouhd of the formula

(If-2), derived from compound bf formula (D:
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[ SR:A
\\ n

H
O N \ (If_2)

or their stereoisomers and pharmaceutically acceptable salts thereof,
wherein,
A ” is a bond or no bond,

[}
[VaVaVs

o)

>

“rn” s point of attachment;
X is chlorine;
“n”is 1 or 2.

According to another embodiment, there is provided compound of formula (1),

wherein: -
. ﬁﬂl r \I\IIV \n}\/ ) \f\f'\/ B
O o) O, 0
| / / | ~
X ' X X X -
NH2 , NH2 R NH2 or NH2 ,

X is chlorine, bromine or hydrogen;
Ry —/\ S ' ‘
SO s -g{\m :
9 0N ° | — g,
e s
o= N/\E> ) <—\ C <r“‘\
F o g _.__/N N (l), g _/N<
_\ | N
e
|/ :

“cwnn” is point of attachment;

or

R, is hydrogen.
According to another embodiment, there is provided compound of formula (I),

wherein: R; is hydrogen.
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Pharmaceutical compositions

In order to use the compounds of formula (I), or their stereoisomers and
pharmaceutically acceptable salts thereof in therapy, they will normally be formulated into
a pharmaceutical composition in accordance with standard pharmaceutical practice.

The pharmaceutical compositions of the present invention may be formulated in a
conventional manner using one or more pharmaceutically acceptable excipients. The
pharmaceutically acceptable excipient is carrier or diluent. Thus, the active Compounds of
the invention may bé formulated for oral dosing. Such pharmaceutical compositions and.
pfocesses for preparing same are well known in the art (The Science and Practice of
Pharmacy, D.B. Troy, 21% Edition, Williams & Wilkins, 2006).

The dose of the active compounds can vary depending on factors such as age and
weight’of patient, nature and severity of the disease to be treated and such other factors.
Therefore, any reference regarding pharmacologically effective amount of the compounds
of general formula (i), stereéisomers thereof and pharmaceutically acceptable salts thereof

refers to the aforementioned factors.

Methods of Preparation

The compounds of formula (I) can be prepared by using Schemes I to VI as shown

below:

Scheme 1:

Ry is hydrogen or fluorine;
misOorl;

-------- ” is a bond or no bond;
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Rg is isopropyl or cyclobutyl.

In above Scheme 1, all remaining symbols are as defined above.

The compounds of formula (Ia) are prepared according to Scheme I.

The compound of formula (II) is coupled with compound of formula (III) by reductive
amination to form compound of formula (Ia). The reaction may be carried out in the
presence of a reducing agent such as sodium triacetoxyborohydridé, sodium bis(2-
rhethoxyethoxy)aluminumhydride, sodium hydrosulfite, sodium borohydride, sodium
cyanoborohydride, sodium dithionite or like and preferably by using sodium
triacetoxyborohydride.

This reaction is preferably carried out iﬂ a solvent such as methanol,
dichloroethane, dichloromethane, tetrahydrofuran, toluene, diethyl ether and the like or a
mixture thereof and preferably by using dichloroethane or dichloromethan:c;: The reaction
is carried out at room temperature (RT). The duration of the reaction may frange from 10
to 14 hours, preferably for the period of 11 to 13 hours. ' |

The compounds of formula (II) may be prepared by using similar methods
mentioned in the preparations 7, 8,9, 11, 12, 15, 16 and 19.

The compounds of formhla’s (II) and (III) may be commercially available or can

be prepared by conventional methods or by modification, using known process.

Scheme II:

@) :
| A@ | on |
. . 8] N
D °

" (Ib-1)

O
VZE

(a)
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R; is hydrogen;
-------- ” is a bond.
~ In Scheme II, Ar is as defined above.
The compounds of formula (Ib-1) and (Ib-2) are prepared according to Scheme I1.

The compound of formula (II) is coupled with compound (IV) to form compound of
formula (Ib-1). This reaction is carried out in a solvent such as methanol, tetrahydrofuran,
toluene, dimethylformamide, dimethyl sulfoxide, diethyl ether and the like or a fnixture
thereof and preferably by using methanol. The.reactioﬁ may be carried out in the presence
of a base _such as triethylafnine, potassium carbonate, diisopropylethylamine, pyridine and
the like or a mixture thereof and preferably by using triethylamine. The reaction

temperature may fangé from 70 °C to 86 °C based on the choice of solvent and preferably

at a temperature in the range from 74 °C to 82 °C. The duration of the reaction maiy range

~ from 10 to 14 hours, preferably for the period of 11 to 13 hours.

* The compound of fdrmula (Ib-1) is converted to the compound of formula (Ib-2)
in presence of diethylaminosulfur trifluoride. This reaction is carried out in a solvent such
as methanol, dichloroethane, dichloromethane, tetrahydrofuran, toluene, diethyl ether and .

the like or a mixture thereof and preferably by using dichloromethane. The reaction is

carried out at RT. The duration of the reaction may range from 10 to 14 hours, preferably

for the period of 11 to 13 hours.
The compounds of formula (II) may be prepared by using preparation 8, 12 and
19.

The. compounds of formula’s (II) and V) may be commercially available or can

‘be prep;ared by conventional methods or by modification, using known process.

Scheme II1: ‘

O _ ‘
: OH
' , N
H K- @) N ' :
O N () e 0

(1) | (Ie-1)

R, is hydroxy;

e ” is no bond.
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In Scheme III, Ar is as defined above.
The compounds of formula (Ie-1) are prepared according to Scheme III.
The compound of formula (II) is coupled with compound (IV) to form compound of
formula (Ic-1). This reaction is carried out in a solvent such as methanol, tetrahydrdfuran,
5  toluene, dimethylformamide, dimethyl sulfoxide, diethyl ether and the like or a mixture
thereof and preferably by using methanol. The reaction may be carried out in the presence
of a base such as triethylamine, potassium carbonate, diisopropylethylamine, pyridine and
the like or a mixture thereof and preferably by using triethylamine. The reaction
temperature may range from 70 °C to 86 °C based on the choice of solvent and preferably
10  at a temperature in the range from 74 °C to 82 °C. The duration of the reaction may range
from 10 to 14 hours, preferably for the period of 11 to 13 hours. ‘
The compounds of formula (II) may be prepared by using preparation 14.
The compounds of formula’s (II) and (IV) may be commercially available or can

be prépared by conventional methods or by modification, using known process.

15
Scheme I'V:
?>< N OH
H Ry /><
NH \
o R ) O T
O N N
(1d-1)
(s
N F
H Ro /><
0] N N
@)
R; is hydrogen or fluorine;
~ In Scheme IV, all symbols are as defined above.
20 - The compounds of formula (Id-1) and (Id-2) are prepared according to Scheme

IV.
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The compound of formula (IIa) is coupled with compound (V) to form compound -
of formula (Id-1). This reaction is carried out in a solvent such as methanol,
dichloroethane, dichloromethane, tetrahydrofufan, toluene, diethyl ether and the like or a
mixture thereof and preferably by using methanol. The reaction may be carried out in the
presence of a base such as triethylamine, potassium carbonate, diisopropylethylamine,
pyridine and the like or a mixture thereof énd preferably by using triethylamine. The
reaction temperature may range from 65 °C to 85 °C based on the choice of solvent and
preferably at a temperature in the range from 70 °C to 80 °C. The reaction is carried out at
RT. The duration of the reaction may range from 10 to 14 hours, preferably for the period
of 11 to 13 hours. '

The compound of formula (Id-1) is fluorinated to form compound of formula (Id-
2) in presence of diethylaminoéulfur' trifluoride. This reaction is carried out in a solvent
such as methanol, dichloroethane, dichloromethane, tetrahydrofuran, toluene, diethyl ether
and the like or a mixture thereof and preferably by using dichloromethane. The reaction is

carried out at RT. The duration of the reaction may range from 10 to 14 hours, preferably

_for the period of 11 to 13 hours.

- The compounds of formula (IIa) may be prépared by using similar methods used
for the preparation 7, 8, 9, 11, 12, 13, 15, 16, 17 and 19. '

~ The compounds of formula’s (ITa) and (V) may be commercially available or can

-be prepared by conventional methods or by modification, using known process.

Scheme V:

R | NH HO Br | OH
H R g N -
0 N X /><\ H \ /><\ (Ie 1)
. O N \\
(VI ) ﬁ/

()

Ar
SR
(VII)
%
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R; is hydrogen.

In Séheme V, all symbols are as defined aBove.

The compounds of formula (Ie-1) and (Ie-2) are prepared according to Scheme V.
The compound of formula (II) is coupled with corﬁpound (VI) to form compound of
formula (Ie-1). This reaction is carried out in.a solvent such as acetonitrile, methanol,
tetrahydrofuran, toluene, diefhyl ether and the like or a mixture thereof and preferably by
using acetonitrile. The reaction may be carried out in the presence of a base such as
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate and the
like or a mixture thereof and preferably by using, potassium carbonate. The reaction
temperature may range from 75 °C to 95 °C based on the choice of solvent and preferably
at a témperature in the range from 80 °C to 90 °C. The duration of the reaction may range
from 10 to 14 hours, preferably for the period of 11 to 13 hours. ‘

The compound of formula (IT) is coupled with compound (VII) in ﬁitesence of
cesium carbonate andipotassiu.m iodide to form compound of formula (Ie-2). T}:iis reaction
is carried oﬁt in a solvent_ such as dimethylformamide, methanol, dichioroethane,
dichloromethane, tetrahydrofuran, toluene, diethyl ether and the like or a mixture thereof
and preferably by using dimethylformamide. The reaction temperature may range from
110 °C to 130 °C based on the choice of solvent and preferably at a temperature in the
range of 115 °C to 125 °C. The duration of the reaction may range from 23 tc}'f 25 hours,
preferably for the period of 24 hours. | -

The compounds of formula (IT) may be prepared by usihg preparation 7, 8, 15 and
16. _

The compound (VII) may be prepared by using preparation 20. |

The compounds of formula (II) and compounds (VI) and (VII) may be
commercially available or can be prépared by conventional methods or by modification,

using known process.

Scheme VI:
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N OH
[ NH - N |
H 2 \\ OH i \\ . n
Os_ N N Br N O N \

()

e o
B r/\ég/o\ : Fluorination
n .

(v

H R n H - |\ n
O N \\ O N \\

| (1) (If-2)

Rj is hydrogen or fluorine.

In Scheme VI, all symbols are as defined above. The compounds of formula (If-1)
and (If-2) are prepéred according to Scheme VI. ’

The compound of formula (Ila) is coupled with compound of formula (VIII) to
form compound of formula (If-1). This reaction is carried out in a solvent such as
acetonitrile methanol, dichloroethane, dichloromethane, tetrahydrofuran, toluene,
dimethylformamide, dimethyl sulfoxide, diethyl ether and the like or a mixture thereof and
preferably by using acetonitrile. The reaction bma,y be carried out in the presence of a base
such as potassium bicarbonate, sodium triacetoxyborohydride, triethylamine, potassium
carbonate, diisopropylethylamine, pyridine and the like or a mixture thereof and preferably
by using potassium carbonate. The reaction temperature may range' from 75 °C to 95 °C

based on the choice of solvent and preferably at a temperature in the range from 82 °C to

88 °C. The duration of the reaction may range from 4 to 8 hours, preferably for the period

| of 5 to 7 hours.

The compound of formula (IIa) is coupled with compound of formula (IX) to form
compound of formula (X). This reaction is carried out in a solvent such as acetonitrile,
methanol, dichloroethane, dichloromethane, tetrahydrofuran, toluene,. dimethylformamide,
dimethyl sulfoxide, diethyl ether and the like or a mixture thereof and preferably by using
acetonitrile. The reaction may be carried out in the presence of a base such as potassium
bicarbonate, triethylamine, potassium carbonate, diisopropylethylamine, pyridine and the

like or a mixture thereof and preferably by using potassium bicarbonate. The reaction
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temperature may range from 75 °C to 95 °C based on the choice of solvent and preferably
at a temperature in the range from 82 °C to 88 °C. The duration of the reaction may range
from 10 to 14 hours, preferably for the period of 11 to 13 hours. A_
 The compound of formula (X) is fluorinated to form compound of formula (If-2) in

presence of diethylaminosulfur trifluoride. This reaction is carried out in a solvent such as
methanol, dichloroethane, dichloromethane, tetrahydrofuran, toluene, dimethylformamide,
dimethyl sulfoxidq, diethyl ether and the like or a mixture thereof and preferably by using
dichloromethane. The reaction is carried out at RT. The duration of the reaction fnay range
from 10 to 14 hours, preferabvly for the period of 11 to .13 hours.

The compounds of formula (Ila) may be prepared by using preparation 7, 8, 9, 11,
12,15, 16 and 19. “

The compounds of formula’s (IIa), (VIII) and (IX) may be commercially ava;i‘lable
or can be prepared by conventional methods or by rﬁodiﬁcation, using known procesé?g

If necessary, pharmaceutically aéceptable salts for compounds of formula (I)f may
be prepared conventionally by reaction with the appropriate acid or acid derivative. -

Suitable pharmaceutically acceptable salts will be apparent to those skilled ih the -

art and include those described in Journal of Pharmaceutical Science, 1977, 66, 1-19. The

salts are formed with inorganic acids e. g. hydrochloric, hydrobromic, sulfuric, n1tr1c &

phosphoric acid or organic ‘acids e.g., succinic, maleic, acetic, fumaric, citric, fffialic,
tartaric, benzoic, p-toluic, p-toluenesulfonic, benzeneéulfonic acid, methanesulfoffic or
naphthalenesulfonic acid. The most preferred salts of compounds of formuia (I) are
tartarates, fumarates, oxalates and hydrochlorides. |

Certain compounds of formula (I) are capable of existing in stereoisomeric forms
(e. g diastereomers and enantiomers) and the invention extends to each of these
stereoisomeric forms and to mixtures thereof including racemates. The different
stereoisomeric forms may be separated from one another by the usual methods or any
given isomer may be obtained by stereospecific or asymmetric synthesis. The invention
also extends to tautomeric forms and mixtures thereof. |

The stereoisomers as a rule are generally obtained as racemates that can 'be
separated into the 6ptically active isomers in a manner known per se. In the case of the

compounds of general formula (I) having an asymmetric carbon atom the present

invention relates to the D-form, the L-form and D,L - mixtures and in the case of

compound of general formula (I) containing a number of asymmetric carbon atoms, the
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diastereomeric forms and the invention extends to each of these stereo isomeric forms and

to mixtures thereof including racemates. Those compounds of general formula (I) which

have an asymmetric carbon and as a rule are obtained as racemates can be separated one
from the other by the usual methods, or any given isomer may be obtained by stereo
specific or asanmetric syntheéis. However, it is also possible to employ an optically active
compound from the start, a correspondingly optically active enantiomeric or
diastereomeric compound then being obtained as the final compound.

The stereoisomers of compounds of géneral formula (I) may be prépared by one or
more ways presented below: ' '

i) One or more of the reagents may be used in their optically active form. -

i1) Optically pure catalyst or chiral ligands along with metal catalyst may be
employed in the reduction process. The metal catalyst may be Rhodium,
Ruthenium, Indium and the like. The chiral ligands may preferably be’vchiral
phosphines (Principles of Asymmetric synthesis, J. E. Baldwin Ed., Tetrahedron
series, 14, 311-316).

iii) The mixture of stereoisomers may be resolved by conventional methods such as
forming diastereomeric salts with chiral acids or chiral amines or chiral amino
alcohols, chiral amino acids. The resulting mixture of diastereomers may then be
separated by methods such as fractional crystallization, chromatography and the
like, which is followed by an additional step of isolating the optically active
product by hydrolyzing the derivative (Jacques et. al., “Enantiomers, Racemates

- and Resolution”, Wiley Interscience, 1981). | |

iv). The mixture of stereoisomers may be resolved by conventional methods such as
microbial resolution, resolving the diastereomeric salts formed with chiral acids or
chiral bases. |
Chiral acids that can be employed may be tartaric acid, mandelic acid, lactic acid,

camphorsulfonic acid, amino acids and the like. Chiral bases that can be employed may be

cinchona alkaloids, brucine or a basic amino acid such as lysine, arginine and the like. In
the case of the compounds of general' formula (I) containing geometric isomerism the

present invention relates to all of these geometric isomers.
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EXAMPLES
The compounds of the present invention were prepared according to the following

experimental procedures, using appropriate materials and conditions.

Preparation 1: Preparation of S-Amino-6-chloro-chi'oman-S-carboxylic acid
Oy _OH

o)
Cl
NH,
Step (i): Prep;lration of Methyl 4-amino-2-hydroxy benzoate
| Os O
OH

NH,

Sulfuric acid (H,SO4) (200 mL) was added drop wise to a stirred solution of 4-
amin0-2-hydroxy benéoic acid (100 grams, 0.653 mole) in methanol (MeOH) (1500 mL)
at 0 °C. Then reaction mass was slowly heated with stirring to 80 °C and stirred for 6
hours at the same temperature, while monitoring the progress of the reaction by thin layer
chromatograph'y (TLC). The reaction mass was cooled to room temperature (RT) and
MeOH was evaporated. The residue was dissolved in water and the pH was adjusted to ~ 7
by using sodium hydroxide (NaOH) solution. The solid obtained was filtered. The solid
mass was dissolved in dichloromethane (DCM) (2000 mL) and washed with brine solution
(500 mL). The organic phase was dried over sodium sulfate (Na;SO,) and concenfrated
under vacuum to obtain the title compound. |
Weight: 98.3 grams (Yield: 90 %). _ ’ |
'H - NMR (8 ppm): 3.76 (3H, s), 5.97 - 5.98 (1H, d, J = 1.88 Hz), 6.08 - 6.12 (3H, m),
7.42 -7.44 (1H, d, J = 8.72 Hz), 10.75 (1H, s);
Mass (m/z): 168.1 (M+H)".
Step (ii): Preparation of Methyl 4-acetylamino-2-hydroxy benzoate
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Acetic anhydride (Ac,0) (66.50 mL, 0.704 mole) was added drop wise to a stirred
solution of methyl 4-amino-2-hydro.xy benzoate (98 grams, 0.586 mole, obtained in the
above step) in DCM (980 mL) at 0 6C. Then reaction mass was slowly brought to 10 °C -
and stirred for 4 hours at the same temperature, while monitoring the progress of the
reaction by TLC. Reaction mass was poured into chilled water (1000 mL) and stirred for
30 minutes. The solid obtained was filtered and dissolved in ethyl acetate (EtOAc) (1000
mL). The organic phase was washed with brine solution (500 mL), dried ovér NapSO4 and
concentrated under vacuum to obtain the title compound. - | |
Weight: 88.8 grams (Yleld 72.4 %).

'H - NMR (8 ppm): 2.03 (3H, s), 3.82 (3H, s) 7.00 - 7.03 (1H,dd, J = 8.68, 1 60 Hz), 7.33
-7.34 (1H, d, J = 1.72 Hz), 7.66 - 7.68 (1H, d, J = 8.72 Hz), 10.18 (1H, bs), 10.57 (1H, s)
Mass (m/z) 210.2 (M+H)".

Step (iii): Preparation of Methyl 4-acetylamino-5-chloro-2- hydroxy benzoate
OO "

OH

cr”
HN
| .

N-Chlorosuccinimide (NCS) (69 grams, 0.509 mole) was added to a stirred
solution of methyl 4-acetylamino-2-hydroxy benzoate (88.8 grams,.0.424 mole, obtained
in the above step) in 1,2-dichloroetf1ané (2 L) at RT. Reaction mass was slowly heated to
80 °C and stirred further for 4. hours at the same temperature, while monitofing the
progress of the reaction by TLC..The mass was cooled to RT and 1,2-dichloroethane was
evaporated. The residue was diluted with water (lL) and the solid obtained was
filtered. The solid obtained was dissolved iﬁ DCM (2 L) and washed with brine solution
(500 mL). The organic phase was dried over Na,SO, and concentrated under vacuum to
obtain the title compound. |

Weight: 97 grams (Yield: 93.9 %).
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'H - NMR (8 ppm): 2.15 (3H,s), 3.84 (3H,s), 7.72 (1H, s ), 7.76 (1H, s), 9.48 (1H, bs),
10.49 (1H, s);
Mass (m/z): 244.1 (M+H)", 246.0 (M+H)".
Step (iv): Preparation of Methyl 4-acetylamino-5-chloro-2-(propargyloxy) benzoate
Ox O
O
Cl
HN
1S

Propargyl bromide (53.57 mL, 0.479 mole) was added to a stirred solution of
methyl 4-acetylamino-5-chloro-2-hydroxy benzoate (97 grams, 0.399 mole, obtained in
the above step) and potassium carbonate (K,COs3) (110.17 grams, 0.798 mole) 1n
dimethylformamide (DMF) (1 L) at 0 °C. Then reaction mass was slowly allowed to rlse
to RT and stirred further for 28 hours at the same temperature, while monitoring tlg_e
progress of the reaction by TLC. The mass was poured into chilled water (10 L) and
stirred for 1 hour at RT. The resulting solid was filtered, washed with n-hexane (3 x 500
mL) and dissolved in EtOAc (3 L). The organic phase was washed with brine solution
(500 mL), dried over Na,SO,; and concentrated Aunder vacuum to obtain the tit_l?
compouhd. | | :
Weight: 99.6 grams (Yield: 88.64 %).
'H - NMR (8 ppm): 2.15 (3H, s), 3.62 (1H, s), 3.77 (3H, s), 4.81 - 4.82 (2H, d), 7.75 (1H
s), 7.90 (1H, s), 9.60 (1H, s);
Mass (m/z): 282.0 (M+H)", 284.1 (M+H)".
Step (v): Preparation of methyl 5-Acetylamin0-6-chloro-ZH-chromene—8-carboxylate

Ox O
O
cl =
HNW/
O

A stirred solution of methyl 4-acetylamino-5-chloro-2-propargyloxy benzoate (99
grams, 0.509 mole, obtained in the above step) in dowtherm (495 mL) was heated at 240
°C for 4 hours. The progress of the reaction was monitored by TLC. Reaction mass was

cooled to 60 °C and poured into n-hexane (3.5 L) slowly and stirred for 1 hour. The solid
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obtained was filtered, dissolved in DCM (2 L) and washed with brine solution (500 mL).
The organic phase was dried over Na,SO4 and concentrated under vacuum to obtain crude
residue, which was further purified by flash chromatography using EtOAc:n-hexane
(60:40) to afford the title compound. |

Weight: 38.0 grams (Yield: 38.3 %). _

'H - NMR (8 ppm): 2.06 (3H, s), 3.77 (3H, s), 4.82 - 484 (2H, m), 6.01 - 6.06 (1H, m),

6.40 - 6.43 (1H, m), 7.57 (1H, s), 9.77 (1H, s);

Mass (m/z): 282.0 (M+H)", 284.0 (M+H)".
Step (vi): Preparation of methyl 5-Acetylamino-6-chloro-2H-chroman-8-carboxylate
- Os O
0]

Cl
HN
T

Hydrogen gas was passed into a stirred solution of methyl 5-acetylamino-6-chloro-
2H-chromene-8-carboxylate (38 grams, 0.134 mole, obtained in the above step) and
palladium hydroxide (19 grams, 50 % w/w) in ethanol (540 mL) over a period of 4 hours,
while monitoring the progress of the reaction by TLC. The reaction mass was filtered
through celite bed and the filtrate was concentrated under vacuum to afford the title
compound. |
Weight: 34.7 grams (Yield: 90.69 %).
'H - NMR (8 ppm): 1.85 - 1.88 (2H, m), 2.06 (3H, s), 2.56 - 2.61 (2H, m), 3.76 (3H, s),
4.13 -4.15 (2H, m), 7.54 (1H, s), 9.65 (1H, s);
Mass (m/z): 284.1 (M+H)", 286.1 (M+H)".
Step (vii): Preparation of 5-vAmino-6-chlor0 chroman-8-carboxylic acid

Methyl 5-acetylamino-6-chloro-2H-chr6man-8-carboxylate (34.7 grams, 0.122
mole, obtained in the above step) was added to a 1.7 N NaOH solution (861 mL) at RT
and stirred for 8 hours, while monitoring the progress of the reaction by TLC. The mass
was cooled to 0 °C and acidified with SN Hydrochloric acid to pH ~ 3. The solid obtained
was filtered, dissolved in tetrahj;drofﬁran (THF): EtOAc (20:80, 1 L) and washed with
brine solution (200 mL). The organic phase was dried over Na,SO4 and éoncentrated
under vacuum to obtain the title compound.

Weight: 25 grams (Yield: 89.79 %).
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'H - NMR (8 ppm): 1.88 - 1.97 (2H, m), 2.49 - 2.52 (2H, m), 4.07 - 4.10 (2H, m), 5.75
(2H, bs), 7.47 (1H, s), 11.75 (1H, bs); |
Mass (m/z): 228.1 (M+H)", 230.0 (M+H)".

Preparation 2: Preparation of 4-Amino-5-chloro benzofuran-7-carboxylic acid
COOH

O

Y
Cl

NH,

- Step (i): Preparation of Methyl 4-acetylamino-5-chloro-2-hydroxy-3-iodo benzoate

COOCH;
OH

cl I
HN.__CHj

T

O
Benzyltrimethylammonium dichloroiodate (17.33 grams, 0.0498 mole) was added

pinchwise to a stirred solution of methyl 4-acetylamino-5-chloro-2-hydroxy benzoate
(12.13 grams, 0.0498 mole, obtained in the above step (iii) of preparation 1) and sodium
bica.rbonéte (NaHCO:s3) (10.46 grams, 0.124 mole) in a mixture of DCM and MeOH (120
mL:50 mL) at RT. The reaction mass was stirred for 18 hours and the solvent was
evaporated under vacuum. The residue was poured into chilled water (500 mL) and stirred
for 1 hour. The solid obtained was dissolved in chloroform (500 mL) and washed with
sodium metabisulphite solution (3 x 250 mL). The organic phase was dried over Na;SO4
and concentrated under vacuum to obtain the title compound.

Weight: 15.8 grams (Yield: 85.8 %).

'H - NMR_ (3 ppm): 2.05 (3H, 5), 3.92 (3H, 5), 7.78 (1H, 5), 9.98 (1H, s), 11.29 (1H, bs);
Mass (m/z): 370.1 (M+H)", 372.0 (M+H)".

Step (ii): Preparation of Methyl 4-acetylaminb-S-chloro-2-trimethylsilanyl

benzofuran-7-carboxylate
COOCH;

O
/ SI(CH3 )3

g

O

Cl

s
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A solution of methyl 4-acetylamino-5-chloro-2-hydroxy-3-iodo benzoate (15.8
grams, 0.0427 mole, obtained in the above step), trimethylsilylacetylene, copper(I) iodide
and trans- Bis(triphenylphosphine)palladium(H) chloride in triethylamine (TEA) and 1,4-
dioxane (10 mL : 80 mL) were stirred for 6 hours at 70 °C. Reaction _fnass was slowly
cooled to RT and solvent was concentrated under vacuum, the resulting slurry was treated
with a solution of 1,1,3,3-tetramethyl guanidine (10.09 grams, 0.0876 mole) in toluene
(100 mL). The reaction mass was refluxed Vfor 3 hours, cooled to RT and diluted with
chloroform (400 mL). The undissolved inorganic solids were separated by filteration. .The
filterate was washed with water (250 mL). The organic phase was dried over Na,SO,4 and
concentrated under vacuum to obtain the crude residue, which was further purlﬁed by
flash chromatography using EtOAc: n-hexane (20 80) to afford the title compound.

Weight: 4.0 grams (Yield: 69 %).
'H - NMR (8 ppm): 0.34 (9H, s), 2.14 (3H s), 3.91 (3H, s), 7.06 (1H, s) 7.85 (lH s)
10.12 (1H, s);
Mass (m/z): 340.3 (M+H)", 342.2 (M+H)".
Step (iii): Preparation of 4-Amino-5-chloro benzofuran-7-carboxylic acid
Potassium hydroxide (2.3 grams, 0.029 mole) was added pinchwise to the stirred

solution. of methyl 4-acetylamino-5-chloro-2-trimethylsilanyl benzofurah-7-carboxylate

'(4.0 grams, 0.011 mole, obtained in the above step) in a mixture of water and 1,4 dioxane

(20 mL:20 mL). The reaction mass was stirred for 18 hours at 70 °C, cooled to RT, diluted
with water (100 mL) and washed with EtOAc (2 x 50 mL). The aquéous layer was
acidified with 5N HCIl (pH~4), the solid obtained was filtered and dried under high
vacuum to afford the title compound.

Weight: 1.65 grams (Yield: 66.7 %)

'H - NMR (8 ppm): 6.63 (2H, bs) 7.21 - 7.22-(1H, d, J = 2.07 Hz), 763 (1H, s), 7.88 -
7.89 (1H, d, J =2.00 Hz);

Mass (m/z): 210.2 (M-HY), 212.3 (M-H)).

Preparation 3: Preparation of 4-Amino-S-chloro-2-methyl benzofuran-7-carboxylic

acid

230 -
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COOH

cl
NH,

Step (i): Preparation of Methyl 4-acetylamino-5-chloro-2-methyl benzofuran-7;
carboxylate
COOCH;

o)
Y/

g

O ' .
A solution of 'methyl 4-acetylamin0-5-chloro-2\-p_r0pargyloxy benzoate (14.83

Cl

grams, 0.052 mole) in N—methylpyrrolidirie was stirred for 5 hours at reflux temperature,
while monitoring the progréss of the reaction by TLC. The mass was cooled to RT and
poured in chilled water (150 mL). The solution pH was adjusted to ~ 9.5 using 6N NaOH
and the product was extracted with DCM (3 x 100 mL). The combined organic phase was
washed with water (100 mL), brine solution (100 mL) and dried over Na;SOy. The organic
phase was concentrated under vacuum to obtain a crude residue, which was further
purified by flash chromatography using MeOH: EtOAc (10:90) to afford the title
compound. |

Weight: 11.77 grams (Yield: 79.36 %).

'H - NMR (8 ppm): 2.30 (3H, s), 2.51 (3H, s), 3.98 (3H, s), 6.45 (1H, s), 7.48 (1H, bs),

7,90 (1H, s);

Mass (m/z): 282.0 (M+H)", 284.0 (M+H)".
Step (ii):‘ Preparation of 4-Amin0-5-chlor0-2-methyl benzofuran-7-carboxylic acid
Potassium hydfoxide (3.2 grams, 0.057 moles) was added pinchwise to a stirred
solution of methyl 4-acetylamino-5-chloro-2-.methyl benzofuran-7-carboxylate (4.0 grams,
0.014 mole, obtained in the above step) in a mixture of water and 1,4-dioxane (15 mL:15"
mL) and the reaction mass was heated to 85 °C for a period of 18 hours, while monitoring
the progress of the reaction by TLC. The reaction mass was diluted with water (50 mL)
and washed with EtOAc (2 x 25 mL). The aqueous phase was acidified with SN HCI
(pH~4) and the obtained solids were filtered and dried under high vacuum to afford the
title compound.
Weight: 2.93 grams (Yield: 91.56 %).
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'"H - NMR (& ppm): 2.38 (3H, s), 6.43 (2H, bs), 6.77 (1H, s), 7.52 (1H, s), 12.43 (1H, bs);
Mass (m/z): 226.2 (M+H)", 228.0 (M+H)".

Preparation 4: Preparation of tert-butyl 6-a_minomethy}l-3-azabicyclo[3.1.0]hexane.-3-

HoN \_@Nj\

Step (i): Preparation of (3-Azabicyclo[3.1.0]hex-6-yl) methanol

HO
p

Hydrogen gas was . passed into a stirred solution of (3-benzyl-3-

carboxylate

azabicyclo[3.1.0]hex-6-yl)méthanol (15.50 grams, 0.076 mole) and palla(ﬁ;um' hydroxide
(7.75 grams, 50 % w/w) in MeOH (150 mL) over a period of 6 hours, wﬁile monitoring
the progress of the reaction by TLC. The reaction mass was filtered througﬁ%celite Bed and
the ﬁltraté was concentrated under \;acuum to afford the title compound. .

Weight: 8.20 grams (Yield: 69 %). | |

'H - NMR (& ppm): 0.89 - 0.96 -(IH m), 1.35 - 1.42 (2H, m), 2.05 - 2.07 (2H, m), 2.85 -
2.88 (2H, m), 2.98 - 3.01 (2H, m), 3.50 - 3.52 (1H, m), 3.94 - 3.96 (1H, m)

Mass (m/z) 114.3 (M+H)". _ :

Step (ii): Preparation of tert-butyl 6-hydroxymethyl-3-azabicyclo[3.1. 0]hexane-3-

ol

Di-tert-butyl dicarbonate (16.96 grams, 0.077 mole) was added to a solution of (3-

carboxylate

aza bicyclo[3.1.0Thex-6-yl) methanol (8.00 grams, 0.07 mole, obtained in the above step)
and TEA (11.40 grains, 0.112 mole) in DCM (150 mL) at 10 °C. The reaction mass was
stirred for 2 hours at 10 °C, while monitoring the progress of the reaction by TLC. The
reaction mass was washed with chilled water (50 mL), brine solution (50 mL) and dried
over Na;SO4. The organic phase was concentrated under vacuum to obtain a crude residue,
which was further purified by flash chromatography using EtOAc: n-hexane (50:50) to
afford the title compound. |
Weight: 7.84 grams (Yield: 52 %).
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'H - NMR (8 ppm): 0.92 - 0.97 (1H, m), 1.33 - 1.36 (1H, m), 1.43 (9H, s), 1.55 - 1.60 (2H,
m), 3.32 - 3.37 (2H, m), 3.43 - 3.48 (1H, m), 3.53 - 3.58 (2H, m), 3.61 - 3.64 (1H, m);
Mass (m/z): 214.2 (M+H)".

Step (iii): Preparation of tert-butyl 6-methanesulfonyloxymethyl-3-azabicyclo[3.1.0]

hexane-3-carboxylate
)

1 ‘O
H;C—S—0O J<
A solution of methanesulfonyl chloride (4.42 grams, 0.038 mole) in DCM (25 mL)

was added to a solution of tert-butyl 6-hydroxymethyl-3-azabicyclo[3.1.0]hexane-3-
carboxylate (7.80 grams, 0.036 mole, obtained in the above step) and TEA (5.58 grams,

0.055 mole) in DCM (100 mL) at 0 °C. The reaction mass was stirred overnight at RT,

while monitoring the progress of the reaction by TLC. The reaction mass was washed w1th

chilled water (50 mL), brine solution (50 mL) and dried over Na,SO,. The organic phase

was concentrated under vacuum to afford the title compound.

© Weight: 9.30 grams (Yield: 87 %).

'H - NMR (6 ppm): 1.11 - 1.15 (1H, m), 1.40 - 1.42 (1H, m), 1.45 (9H, s), 3.05 (3H, s),
3.17-3.19 (1H, m), 3.37 - 3.41 (2H, m), 3.58 - 3.68 (2H, m), 4.09 - 4.18 (2H, m);
Step (iv): Preparation of tert-butyl 6-Azidomethyl-3-azabicyclo[3.1.0]hexane-3-

NL@N)Okok

Sodium azide‘(7.30 grams, 0.112 mol.e) was added to a solution of tert-butyl 6-

carboxylate

methanesulfonyloxymethyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (9.30 grams, 0.039
mole, obtained in the above step) and potassium carbonate (11.00 grams, 0.079 mole) in

DMEF (100 mL) at 10 °C. Then the reaction mass was stirred over night at RT, and poured

“onto chilled water (200 mL). The product was extracted with EtOAc (3 x 150 mL) and the

combined organic phase was washed with chilled water (150 mL), brine solution (150 mL)
and dried over Na,SO,. The organic phase was concentrated under vacuum to afford the

title compound.
Weight: 7 grams (Yield: 90 %).
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'H - NMR (8 ppm): 0.97 - 1.00 (1H, m), 1.45 (%9H, s), 1.50 - 1.53 (2H, m), 3.10 - 3.15
(1H, m), 3.22 - 3.27 (1H, m), 3.35 - 3.39 (2H, m), 3.57 - 3.67 (2H, m);
Step (v): Preparation of tert-butyl 6-aminomethyl-3-azabicyclo[3.1.0]hexane-3-
carboxylate '

A solution of tert-butyl 6-azidomethyl-3-azabicyclo[3.1.0]hexane-3-carboxylate
(1.50 grams, 0.006 mole, obtained in the above step) in THF (30 mL) and water (3 mL)
mixture was treated with triphenylphoSphine (2.1 grams, 0.008 mole). The reaction mass
was stirred for 36 hours at RT and concentrated under vacuum to 'obtain a crude residue,
which was further purified. by flash chromatograp};y using TEA: MeOH: DCM (2:8:90) to
afford the title compound.
Weight: 1.20 grams (Yield: 90 %).
'H - NMR (8 ppm): 0.66 - 0.70 (1H, m), 0.95 - 0.99 (IH, t), 1.17 - 1.19 (1H, m), 1.33
(9H, s), 1.53 - 1.55 (2H, m), 2.67 - 2.69 (2H, m), 3.36 - 3.41 (2H, m), 7.73 (2H, bs);
Mass (m/z): 213.3 (M+H)". |

Preparation 5: Preparation of tert-Butyl 4-aminomethyl-4-fluoro piperidine-1-

™
, )( N
O/&O
Step (i): Preparation of tert-Butyl 1-oxa-6-aza spiro[2.5]octane-6-carboxylate
E%
e
o

Trimethylsulfoxonium iodide (13.3 grams, 0.06 mole) was added to a stirred

carboxylate

solution of -sodium hydride (60 % dispersion in oil, 3.0 grams, 0.126 mole) in THF (150
mL) at 10 °C. Reaction mass temperature was slowly raised to RT and stirred further for 2
hours at the same temperature. Reaction mass was then cooled to 10 °C and added N-Boc -
piperidine-4-one (10 grams, 0.05 mole) solution in THF (50 mL) at the same temperature.
Then reaction mass temperature waé slowly raised to RT and stirred for 3 hours at same
temperature and quenched onto chilled water (300 mL) and the compound was extracted

with DCM (3 x 150 mL). The combined organic phase was washed with water (100 mL),
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brine solution (100 mL) and dried over Na,SO4. The organic phase was concentrated
under vacuum to obtain the crude residue, which was further purified by flash
chromatography using EtOAc:n-hexane (15:85) to afford the title compound.

Weight: 7.1 grams (Yield: 66 %). ,

'H - NMR (8 ppm): 1.47 (9H, s), 1.59 - 1.62 (2H, m), 1.76 - 1.83 (2H, m), 2.69 (2H, s),
3.39-3.45 (2H, m), 3.70 - 3.73 (2H, m); Mass (m/z): 214.3 (M+H)".

Step (ii): Preparation of tert-butyl 4-[(N,N-dibenzylamino)methyl]-4-hydroxy

piperidine-1-carboxylate

Hofﬁb

Dibenzylamine (7.98 grams, 0.04 mole) was added to a stirred solution of tert-
butyl 1-oxa-6-aza spiro[2.5]octahe-6-carboxylate (7.86 grams, 0.036 mole, obtained in the
above step) and TEA (11.19 grams, 0.118 mole) in MeOH (100 mL) at RT. Reaction mass
temperature was slowly raised to 75 °C and stirred further for 38 hours at same
temperature. After completion of the réaction, the reaction mass was concentrated under
vacuum to obtain the crude residue, which was further purified by flash chrorhatography
using EtOAc:n-hexane (15:85) to afford the title compound.

Weight: 7.1 grams (Yield: 46 %).

'H - NMR (6 ppm): 1.43 (9H, s), 1.89 - 1.94 (2H, m), 2.14 - 2, 19 (1H, m), 2.55 - 2.60 (2H
m), 2.92 (1H, s), 3.03 -3.09 (2H, m), 3.43 - 3.45 (1H, m), 3.64 - 3.67 (4H, m), 3.69 - 3.84
(2H, m), 7.16 - 7.35 (10H, m); Mass (m/z): 411.3 (M+H)+

 Step (iii): Preparation of tert-Butyl 4-[(N,N-dibenzylamino) methyl]-4-fluoro

piperidine-1-carboxylate

F N
e
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Diethylaminosulfur trifluoride (DAST) (3 3 grams, 0.02 mole) was added to a
stirred solution of tert-butyl 4-[(N,N- dlbenzylammo) methyl]-4- hydroxy piperidine-1-
carboxylate (7 grams, 0.017 mole, obtained in the above step) in DCM (70 mL) at - 40 °C.

‘Then reaction mass temperature was slowly rised to RT and stirred over night at the same

température. Reaction mass was quenched in chilled water (100 mL). The pH of the mass
was adjusted to ~ 9.5 using aqueous ammonia and the compound was extracted with DCM
(3 x 50 mL). The combined organic phase was washed with water (75 mL), brine solution

(75 mL) and dried over Na,SO4. The organic phase was concentrated under vacuum to

" obtain the crude residue, which was further purified by flash chromatography using EtOAc

:n- hexahe (5:95) to afford the title compound. .

Weight: 4. 35 grams (Yield: 61 %). |

'H-NMR (8 ppm) 1.45 (94, s), 1.89 - 1.94 (2H, m), 2.14 - 2. 19(1H m), 2. 55 2.60 (2H

m), 3.03 -3.09 (2H, m), 3.43 - 3.45 (1H, m), 3.64 - 3.67 (4H, m), 3.69 - 3.84 (2H, m), 7.16

-7.35 (10H, m); ' |

Mass (m/z): 413.3 (M+H)".

Step (iv): Preparation of tert-butyl 4-aminomethyl-4-ﬂu0r0 piperidine-1-carboxylate
Hydrogen gas was passed into a stirred solution of tert-butyl 4-[(N,N- '

dibenzylamino) methyl]-4-fluoro piperidine-1-carboxylate (1.37 grams, 3.28 mmole,

obtained in the above step) and palladium hydroxide (1.37 grams, 50 % w/w) in MeO_H

(30 mL) over a period of 8 hours. The progress of the reaction was monitored by TLC.

After completion of the reaction, the reaction mass was filtered through celite bed and the

filtrate was concentrated on rotavacuum to afford the title compound. '

Weight: 0.66 grams (Yield: 85 %).

'H - NMR (6 ppm): 1.38 (9H, s), 144 - 1.71 (6H, m), 2.60 - 2.64 (2H, m), 2.95 - 3.04

(2H, m) 3.73 - 3.76 (2H, m);

Mass (m/z): 233.2 (M+H)".

Preparation 6: Preparation of t-Butyl 4-aminomethyl-4-hydroxy piperidine-1-

e K,

carboxylate
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tert-Butyl 1-oxa-6-azaspiro[2.5]octane-6-carboxylate (0.5 grams, 2.34 mmole,
obtained in the step (i) of preparation 5) was added to methanolic ammonia solution (20
mL, 14.83 % w/v) at RT. Then reaction mass was stirred for 40 hours at RT in a closed
vessel. The reaction mass was concentrated under vacuum to obtain the title compound.
Weight: 0.41 gram (Yield: 76 %).. |
'H - NMR (8 ppm): 1.35 - 1.69 (16H, m), 2.61 - 2.69 (2H, m), 3.10 - 3.20 (2H, m), 3.81 -

- 3.90 (2H, m);

Mass (m/z): 231.3 (M+H)".

Preparation 7: Preparation of S-Amino-6-chloro-N-(4-piperidinylmethyl) chroman-

q NH
Os_N
o)
Cl
NH,

Step (i): Preparation of 5-Amino-6-chlofo-N-{[1-(t-butoxyéarbonyl)-4-piperidinyl]

8-carboxamide

methyl} chroman-8-carboxamide

oM
)

A solution of ,5-am1n0-6-chloro-chroman—8-carboxylic acid (0.40 gram, 1.758
mmole, obtained in the preparation 1)'and carbonyldiimidazole (CDI) (0.427 gram, 2.637
mmole) in DCM (15 mL) was stirred for 2 hours at RT and a solution of tert-butyl 4-}
aminomethyl piperidine-1-carboxylate (0.45 gram, 2.109 mmole) in DCM (10 mL) was
added. The reaction .mass was stirred overnight (12 hours) at RT under nitrogen
atmosphere and washed with chilled water (20 mL), brine solution (20 mL) and dried over
Na,SO4. The organic phase was concentrated under vacuum to obtain the crude residue,
which was further purified by flash chromatography using EtOAc: n-hexane (80: 20) to
afford the title corﬁpound.
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Weight: 0.595 gram (Yield: 79.9%). .
'H - NMR (8 ppm): 1.21 - 1.29 (4H, m), 1.34 (%9H, s), 1.51 - 1.70 (3H, m), 1.86 - 1.95 (2H,
m), 2.41 - 2.46 (2H, m), 3.09 - 3.12 (2H, m), 3.86 -3.92 (2H, m), 4.15 - 4.17 (2H, m), 5.55
(2H, bs), 7.53 (1H, s), 7.91 - 7.94 (1H, t); Mass (m/z): 424.2 (M+H)", 426.3 (M+H)". |
Step (ii): Preparation of 5-Amin0-6-chloro-N-(4-piperidinylmethyl)chroman-8-'
carboxamide | .
Ethanolic hydrogen chloride (23 % w/w, 0.508 gram, 13.93 mmole) was added to a
solution of 5-amino-6-chloro-N-{[1-(t-butoxycarbonyl)-4-piperidinyl] methyl} chroman-
8-carboxamide (0.59 gram, 1.393 mmole, obtained in the above step) in DCM (20 mL) at
10 °C. The reaction mass was stirred overnight at RT. The reaction mass was concentrated
and the slurry‘ obtained was dissolved in chilled water (15 mL). The pH was adjusted to ~
9.5 using aqueous ammonia solution and the product was extracted with DCM (3 x 100
mL). The combined organic phase was washed with water (10 mL), brine solution (10
mL), dried over Na,SO,4 and concentrated un_der vacuum td afford the title compound. |
Weight: 0.425 gram (Yield: 95 %).
'H - NMR (5 ppm): 1.20 - 1.30 (4H, m), 1.55-- 1.62 (3H, m), 1.91 - 1.98 (2H, m), 2.41 - -
2.46 (3H, m), 2.91 - 2.99 (2H, m), 3.08 - 3.11 ' (2H, m), 4.15 - 4.17 (2H, m), 5.55 (2H, bs),
7.54 (1H, s) 7.90 - 7.93 (1H, t); Mass (m/z): 324.2 (M+H)+ 326.3 (M+H)".

- Preparation 8: Preparation of 5- Ammo 6-chloro-N-{[3-azabicyclo[3.1. 0]hex-6-yl]

methyl}chroman-8-carboxamide

. NH
Os_N
. |
Cl
NH,

Step (i): Preparétion of 5-Amino-6-chloro-N-{[3-(tert-butoxycarbonyl)-3-azabicyclo
[3.1.0]hex-6-yljmethyl} chroman-8-carboxamide

e
s
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A solution of 5-amino-6-chloro chroman-8-carboxylic acid (2.80 grams, 0.012
mole, obtained in the preparation 1) and CDI (2.79 grams, 0.017 mole) in DCM (280 mL)
was stirred for 2 hours at RT. A solution of tert-butyl 6-aminomethyl-3-
azabicyclo[3.1.0]hexane-3-carboxylate (3.13 grams, 0.013 mole, obtained in the
preparation 4) in DCM (30 mL) was added at RT. The reaction mass was stirred overnight
(12 hours) at RT. The reaction mass was washed with chilled water (50 mL), ‘brine
solution (50 mL), dried over NaéSQ; and the organic phase waS ’concentrated under
vacuum to obtain the crude residue, which was further purified by ﬂash chromatography
usmg EtOAc: n-hexane (30: 70) to afford the title compound.
Weight: 3.68 grams (Yield: 71.04 %).
1H NMR (8 ppm): 1.34 (9H, s) 1.43 -'1.55 (2H, m), 1.94 - 1.97 (2H m), 2.44 - 2.49 (3H,
m), 3.14 - 3.38 (6H, m), 4.18 - 4.21 (2H, m), 5.59 (2H, bs), 7.57 (1H, si), 8.02 - 8.05 (1H,
t); ‘ S ' |
Mass (m/z): 422.2 (M+H)", 424.2 (M+H)".
Step (ii): Preparation of 5-Amino-6-chloro-/N-{[3-azabicyclo[3.1.0]hex-6-yl|methyl}
chrdman-S-carboxamide

Ethanolic hydrogen chloride (37 % w/w, 3.18 gram, 87.12 mmole) was added to a-
stirred solution of 5-amino-6-chloro-N-{[3-(tert-butoxycarbonyl)-3-azabicyclo[3.1.0]hex-
6-yllmethyl} chroman-8-carboxamide (3.68 grams, 8.73 mmole, obtained in the above .
step) in DCM (35 mL) at 10 °C. The reaction mass was .sﬁrred overnight at RT. The

reaction mass was concentrated and the slurry obtained was dissolved in water (45 mL),

PpH adjustéd to ~ 9.5 using aqueous ammonia solution and extracted with DCM (3 x 25

mL). The combined organic phase was washed with water (25 mL), brine solution (25
mL) and dried over Na,SQ4. The organic phase was concentrated under vacuum to afford
the title compound. | |

Weight: 2.7 gram (Yield: 96.42 %).

TH - NMR (5 ppm): 1.22 - 1.30-(3H, m), 1.94 - 1.98 (2H, m), 2.43 - 2.79 (6H, m), 3.12 -

3.15 (2H, m), 3.30-3.35 (1H, rh), 4.18 - 4.21 (2H, m), 5.60 (2H, bs), 7.59 (1H, s), 7.95 -
7.98 (1H, t); Mass (m/z): 322.3 (M+H)", 324.3 (M+H)".
Preparation 9: Preparation of 5-Amino-6-chloro-/N-[(4-fluoro-4-piperidinyl) methyl]

chroman-8-carboxamide
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H NH
‘Ox N
o.F
1
NH,

Step (i): Preparation of 5-Amino-6-chloro-/N-{[4-fluoro-1-(tert-butoxycarbonyl)-4-

piperidinyl] methyl} chroman-8-carboxamide

Yeaa
é@

A solution of 5-amino-6-chloro-chroman—8-carboxylic acid (2 grams, 87.91

. mmole, obtained in the preparation 1) and CDI (2.13 grams, 13.18 mmole) in DCM (100

mL) was stirred for 2 hours at RT. Then added a solution of tert-butyl 4-aminomethyl-4-
fluoro piperidine-1-carboxylate (2.44 grams, 10.51 mmole, obtained in the preparation 5)
in DCM (20 mL). The reaction mass was stirred overnight (12 hours) at RT under nitrogen
atmosphere. After completion of the reaction, the reaction mass was washed with chilled
water (50 mL), brine solution (50 mL) and dried over Na;SO4. The organic phase was
concentrated on rotavacuum to obtain the crude residue, which was further purified by
flash 'chfomatography using EtOAc:n-hexane (30:70) to afford the title compound.

Weight: 0.73 grams (Yield:47.16 %). '

1H NMR (6 ppm): 1.35 (9H, s), 1.49 - 1.66 (4H, m), 1.91 - 1.95 (2H, m), 2.42 - 2.46
(2H, m), 2.95 - 2.97 (2H, m), 3.46 - 3.53 (2H, m), 3.70 - 3.73 (2H, m), 4.16 - 4.18 (2H, m),
5.62 (2H, bs), 7.56 (1H, s), 7.99 - 8.02 (1H, t);

Mass (m/z): 442.3 (M+H)", 444.2 (M+H)".

Step (ii): Preparation of 5-Amino-6-chloro-/V-[(4-fluoro-4-piperidinyl) methyl]
chroman-8-carboxamide '

Ethanolic hydrogen chloride (20 % w/w, 1.51 grams, 414.5 mmole) was added to a
solution of 5-amin0-6-chloro-N-{[4-ﬂuoro¥1-(t—butoxyéarbonyl)-4-piperidinyl] methyl}
chroman-8-carboxamide (1.83 grams, 41.44 mmole, obtained in the above step ) in DCM
(30 mL) at 10 °C. The reaction mass was stirred overnight at RT, while monitoring the

progress of the reaction by TLC. The reaction mass was concentrated and the slurry
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obtained was dissolved in chilled water (35 mL). The pH was adjusted to ~ 9.5 using
aqueous ammonia solution and the product was extracted with DCM (3 x 20 mL). The
combined organic phase was washed with water (20 fnL), brine solution (20 mL) and dried
over Na;SO4. The organic phase was concentrated under vacuum to afford»the title
compound.

Weitht: 1.40 grams (Yield: 99 %). ‘

'H - NMR (6 ppm): 1.56 - 1.70 (4H, m), 1.94 - 1.97 (2H, m), 2.42“- 2.49 (3H, m), 2.65 -
2.73 (4H, m), 3.45 - 3.53 (2H, m), 4.19 - 4.21 (2H, m), 5.64 (2H, bs), 7.61 (1H, s), 7.98 -
8.01 (1H, t); |

Mass (m/z): 342.3 (M+H)", 344.2 (M+H)".

Preparation 10: Preparation of 5-Amino-6-chloro-/N-[(4-hydroxy-4-piperidinyl)

methyl] chroman-8-carboxamide

Cl
NH,

Step (i): Preparation of 5-Amino-6-chloro-/NV-{[4-hydroxy-1-(tert-butoxycarbonyl)-4-

piperidinyl] methyl} chroman-8-carboxamide

A solution of 5-amino-6-chloro chroman-8-carboxylic acid (0.200 grams, 0.878
mmole, obtained in the preparation 1) and carbonyldiimidazole (CDI) (0.170 grams, 1.054
mmole) in DCM (6 mL) was stirre'd for 2 hours at RT. Then a solution of tert-butyl 4-
aminomethyl-4-hydroxy piperidine-l;carboxylate (0.222 grams, 0.967 mmole) in DCM (4
mL) was added. Reaction mass was*stirred overnight at RT under nitrogen atmosphere.
The reaction mass was washed with chilled water (10 mL), brine solution (10 mL) and

dried over anhydrous sodium sulfate. The organic phase was concentrated on rotavacuum
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to obtain the crude residue, which was further purified by flash chromatography using
EtOAc:n-hexane (30:70) to afford the title compound.
Weight: 0.266 grams (Yield: 69 %). _
'H - NMR (8 ppm): 1.24 - 1.32 (4H, m), 1.36 (9H, 5), 1.54 - 1.70 (2H, m), 1.87 - 1.95 (ZH,
m), 2.41 - 2.46 (2H, m), 3.09 - 3.13 (2H, m), 3.34 - 3.36 (2H, d), 3.86 - 3.94 (2H, m), 4.80
(IH, s),-5.56 (2H, bs), 7.54 (1H, s), 7.92 - 7.94 (1H, t); |
Mass (m/z): 440.1 (M+H)", 442.3(M+H)".
Step (ii): Preparation of 5S-Amino-6-chloro-N-[(4-hydroxy-4-piperidinyl) methyl]
chroman-8-carboxamide o

Ethanolic hydrogen chloride (30 % w/w, 0.110 gram, 3.026 mmole) was added to a
solution of 5-amino-6-chloro-N-{[4-hydroxy-1-(t-butoxycarbonyl)-4-piperidinyl] methyl}
chroman-8-carboxamide (0.266 grarﬁ, 0.605 mmole, obtained in the above step) in DCM
(10 mL) at 10 °C and the réaction mass was stirred for 2 hours at RT. The reaction mass -
was concentrated and the slurry obtained, was dissolved in chilled water (15 mL). The pH
was adjusted to ~ 9.5 using aqueous ammonia and the product was extracted with
dichloromethane (3 x 10 mL). Thé combined orgahic phase was washed with water (10
mL), brine solution (10 mL) and dried over sodium sulfate. The organic phase was
concentrated under vacuum to afford the title compound.
Weight: 0.178 grams (Yield: 87 %).
'H - NMR (8 ppm): 1.26 - 1.34 (4H, m), 1.57 - 1.69 (2H, m), 1.90 - 1.99 (2H, m), 2.45 -
2.52 (2H, m), 3.08 - 3.11 (3H, m), 3.38 - 3.41 (2H, d), 3.88 - 3.98 (2H, m), 4.75 (1H, s),
5.65 (2H, bs), 7.58 (1H, s), 7.95 - 7.97 (1H, t); |
Mass (m/z): 340.1 (M+H)", 342.4 (M+H)". |
Preparation 11:.Preparavtion of 4-Amino-5-chloro-N-(4-piperidinylmethyl)

benzofuran-7-carboxamide

Cl

Step (i): Preparation of 4-Amino-5-chloro-N-[1-(t-butoxycarbonyl)-4-

piperidinylmethyl] benzofuran-7-carboxamide
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' NH,

A solution of 4-amino-5-chlorobenzofuran-7-carboxylic acid (0.50 gram, 2.362
mmole, obtained from preparation 2) and CDI (0.421 gram, 2.599 mmole) in DCM (3mL)
was stirred for 2 hours at RT. A solution of fers-butyl- 4-aminomethyl piperidine-1-
carboxylate (0.658 gram, 3.071 mmole) in DCM (2 mL) was added: The reaction mass

was stirred overnight (12 hours) at RT under nitrogen atmosphere. After completion of the

=reaétion, the reaction mass was washed with chilled water (20 mL), brine solution (20 mL)

and dried over Na;SOs4. The organic phase was concentrated on rotavacuum to obtain the
crude residue, which was further purified by flash chromatography using EtOAc:n-hexane
(50:50) to afford the title compound. | |

Weight: 0.611 gram (Yield: 64.3%). -

'H - NMR (& ppm): 0.98 - 1.07 (2H, m), 1.37 (9H, s), 1.63 - 1.66 (2H, m), 1.71 - 1.75 (1H,
m), 2.66 -2.78 (2H, m), 3.18 - 3.21 (2H, m), 3.90 - 3.93 (2H, m), 6.41 (2H, bs), 7.24 -
725 (1H, d, J=1.96 Hz), 7.58 (1H, s), 7.79 - 7.82 (1H, t), 7.91 (1H, d, J = 2.00 Hz);

Mass (m/z): 408.1 (M--H)", 410.1 (M+H)". |

Step (ii): Preparation of 4-Amino-4-chloro-N-(4-piperidinylmethyl)benzofuran-7-
carboxamide

Ethanolic hydrogen chloride (23 % w/w, 0.273 gram, 7.49 mmole) was added to a

. solution of 4-amino-5-chloro-N-[1-(t-butoxycarbonyl)-4-piperidinylmethyl]benzofuran-7-

carboxamide (0.611 gram, 1.498 mmole, obtained in the above step) in DCM (20 mL) at
10 °C. The reaction mass was stirred overnight at RT, concentrated and the slurry was
dissolved in chilled water. (15 mL). The pH was adjusted to ~ 9.5 using aqueous ammonia

and the product was extracted with DCM (3 x 100 mL). The combined organic phase was

- washed with water (10 mL), brine solution (10 mL) and dried over Na,SO4. The organic

phase was concentrated under vacuum to afford the title compound.

Weight: 0.415 gram (Yield: 90 %).
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'H - NMR (8 ppm): 1.02 - 1.13 (2H, m), 1.60 - 1.66 (3H, m), 2.42 - 2.48 (2H, m), 2.86 -
2.96 (3H, m), 3.16 - 3.19 (2H, m), 6.41 (2H, bs), 7.25 (1H, d, J = 1.77 Hz), 7.58 (1H, s),
7.74 -7.77 (1H, t), 7.92 (1H, d, J = 1.64 Hz), |

Mass (m/z): 308.4 (M+H)", 310.0 (M+H)".

Preparation 12: Preparation of 4-Amino-5,-chloro-N-{[3-azabicyclo[3.1.0]hex-6-

yllmethyl}benzofuran-7-carboxamide

Cl

Step (i): Preparation of 4-Amino-5-chloro-/N-{[3-(tert-butoxycarbonyl)-3-azabicyclo
[3.1.0]hex-6-ylJmethyl}benzofuran -7-carboxamide

o w@i&

O
Y/
Cl
NH,

A solution of 4-amino-5-chloro benzofuran-7-carboxylic acid (0.095 grams, 0.448
mmole, obtained in the preparation 2) and CDI (0.080 grams, 0.493 mmole) in dry THF (3
mL) was stirred for 1 hour at RT. Then a solution of tert-butyl 6-aminomethyl-3-aza
bicyclo[3.1.0]hexane-3-carboxylate (0.095 grams, 0.448 mmole, obtained in the
preparation 4) in dry THF (2 mL) was added at RT. The reaction mass was stirred

overnight (12 hours) at RT under nitrogen atmosphere. After completion of the reaction

(TLC), the reaction mass was concentrated and diluted with EtOAc (50 fnL), Washed with

-chilled water (15 mL), brine solution (15 mL) and dried over Na,SO4. The organic phase

was concentrated on rotavacuum to obtain the crude residue, which was further purified by

flash chromatography using EtOAc:n-hexane (30:70) to afford the title compound.

Weight: 0.131 grams (Yield: 72 %). _

'H - NMR (8 ppm): 0.77 - 0.81 (1H, m), 1.18 - 1.19 (2H, m), 1.32 (9H, s), 3.18 - 3.21 (2H,
m), 3.35 - 3.38 (2H, m), 6.40 (2H, bs), 7.22 - 7.23 (1H, d, J =2.10 Hz), 7.57 (1H, s), 7.85 -
7.88 (1H, t), 7.89 - 7.90 (1H, d, J = 2.12 Hz); |
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Mass (m/z): 406.3 (M+H)"; 408.3 (M+H)".
Step (ii): Preparation of 4-Amino-5-chloro-N-{[3-azabicyclo[3.1.0]hex-6-yi]
methyl}benzofuran-7-carboxamide

Ethanolic hydrdgen chloride (23 % w/w, 0.053 gram, 1.462 mmole) was added to a
stirred solution of 4-amino-5-chloro-N-{ [3-(tert—butoxycarbonyl)-3-azabiéyclo[3.1.0]hex-
6-ylJmethyl} benzofuran-7-carboxamide  (0.118 gram, 0.292 mmole, obtained in the
above step) in ethanol (5 mL) at 10 °C. The reaction mass was stirred overnight at RT.
The reaction mass was concentrated and the slurry obtained was dissolved in water (15
mlL). The pH was adjusted to ~ 9.5 using aqueous NHj solution and the product was
extracted with DCM (3 x 10 mL). The combined organic phase was. washed with water
(10 mL) and brine solution (10 mL) and dried over Na,SO4. The organic phase was

concentrated under vacuum to afford the title compound.

‘Weight: 0.075 gram (Yield: 84 %).

'H - NMR (8 ppm): 0.98 - 1.03 (1H, m), 1.27 - 1.29 (2H, m), 1.46 - 1.49 (1H, m),'::_2.91 -
2.94 (2H, m), 3.03 - 3.06 (2H, m), 3.47 - 3.51 (2H, m), 6.42 (2H, bs), 7.25 - 7.26 (I'H, d,J
=2.10Hz), 7.59 (1H, s), 7.86 - 8.88 (1H, t), 7.91 - 7.92 (1H, d, J = 2.12 Hz);

Mass (nmv/z): 306.2 (M+H)", 308.4 (M+H)". 7

Preparation 13: Preparation of 4-Amin0-5-chloro-N-(4-flu0ro-4—piperidinyl

‘ inethyl)benzofuran-7—carboxamide

Step (i): Preparation of 4-Amino-5-chloro-N-[4-fluoro-1-(tert-butoxycarbonyl)-4-

piperidinyl methyl benzofuran-7-carboxamide

gy
Os_N '
| o
O
W
Cl
NH,
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To a solution of 4-amino-5-chloro benzofuran-7-carboxylic acid (18.3 grams,
0.0866 mole, obtained in the preparation 2) in DMF (350 ml) was added CDI (17.8 grams,
0.109 mole) at RT and stirred for 8 hours. TLC showed absence of acid. A solution of tert-
butyl 4-aminomethyl-4-fluoro piperidine'—l-carbéxylate (24.5 grams, 0.105 mole, obtained
in the preparatibn 5) in DMF (50 mL) was added drop wise to the reaction mass. The

reaction mass was stirred further for 18 hours at RT under nitrogen atmosphere and poured

over 1800 mL ice cold water with stirring and stirred further for 40 minutes. The solid

obtained was filtered and dried under vacuum to obtain crude compound (41.2 grams),
which was further purified by flash chromatography using EtOAc:n-hexane (45:55) to
afford the title compound. | ' '

Weight: 29.8 grams (Yield: 81 %).

'H - NMR (& ppm): 1.37 (9H, s), 1.53 - 1.77 (4H, m), 2.99 (2H, bs), 3.55 - 3.62 (2H, dd),

3.73-3.77 (2H, d), 6.49 (2H, s), 7.26 (1H, d), 7.62 (1H, s), 7.80 - 7.83 (1H, t), 7.94 (1H,

d); ,

Mass (m/z): 426.3 (M+H)", 428.3 (M+H)".

Step (ii): Preparation of 4-Amino-5-chloro-N-(4-fluoro-4-piperidinyl
methyl)benzofuran-7-carboxamide ,

Ethanolic hydrogen chloride (23 % W/W, 0.541 mole) was added to a solution of 4-
amino-5-chloro-N-[4-fluoro-1-(t-butoxycarbonyl)-4-piperidinylmethyl]benzofuran-7-
carboxamide (28.8 grams, 0.0676 mole, obtained in the above step) in DCM (600 mL) at
10 °C. The clear solution was stirred further for 18 hours at RT under nitrogen atmosphere
while monitoring the progress of the reaction by TLC. The mass was concentrated to
which 400 mL ice cold water was added and is basified to pH ~11 with aqueous ammonia
at 10 °C and the product was extracted with DCM (3 x 250 mL). The combined organic
phase was washed with water (500 mL), brine solution (500 mL) and dried over Na;SOa.
The organic phase was concentrated under vacuum to afford the title compound.

Weight: 19.5 grams (Yield: 89 %). '

'H - NMR (& ppm): 1.48 - 1.67 (4H, m), 2.01 - 2.04 (1H, bs), 2.63 - 2.74 (4H, m), 3.52 -
3.58 (2H, dd), 6.49 (2H, s), 7.26 - 7.27 (1H, d; J = 2 Hz), 7.63 (1H, s), 7.72 - 7.75 (1H, t),
7.95 (1H, d; J =2 Hz);

Mass (m/z): 326.1 (M+H)", 328.2 (M+H)".

Preparation 14: Preparation of 4-Amin_o-5-chloro-N-(4-hydr0xy'-4-

piperidinylmethyl)benzofuran-7—carb0xamide
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Step (i): Preparation of 4-Amino-5-chloro-N-[4-hydroxy-1-(tert-butoxycarbonyl)-4-

piperidinyl methyl]benzofuran-7-carboxamide

o
) ﬁ\/ﬁi:TJkO/kt |

OH
0

Y
cl

NH,

A solution of 4-amino-5-chloro benzofuran-7-carboxylic acid (0.050 grams, 0.236
mmole, obtained in the preparation 2) and CDI (0.042 grams, 0.259 mmole) in DCM (3
ml) was stirred for 2 hours at RT. Then added a solution of tert-butyl 4-aminomethyl-4-
hydroxy piperidihe-l;carboxylate (0.081 grams, 0.354 mmole, obtained 1n preparation 6)
in DCM (2 mL). The reaction mass was stirred overnight (12 hours) at RT under nitrogen
atmosphere, while monitoring the progress of the reaction by TLC. The reaction mass was
washed with chilled water (10 mL) and brine solution (10 mL) and dried over anhydrous

Na;SO4. The organic phase was concentrated on rotavacuum to obtain the crude residue,

- which was. further purified by flash chromatography using EtOAc : n-hexane (70:30) to
afford the title compound. |

Weight: 0.064 grams (Yield: 64 %).
'H - NMR (8 ppm): 1.14 - 1.28 (2H, m), 1.36 (9H, s), 1.40 - 1.46 (2H, m), 3.08 - 3.11 (2H,
m), 3.34 - 3.36 (2H, d), 3.59 - 3.62 (2H, m), 4.79 (1H, s), 6.47 (2H, bs), 7.2 (1H, d, J =
1.95 Hz), 7.64 (1H, s), 7.66 - 7.69 (1H, t), 7.95 (1H,d,J =1.83 Hz);
Mass (m/z): 424.2 (M+H)", 426.3 (M+H)". |
Step (ii): Preparation of 4-Amino-5-chloro-N-(4-hydroxy-4-
piperidinylmethyl)beniofuran-7-carb0xamide’

Ethanolic hydrogen chloride (30 % w/w, 0.027 gram, 0.755 mmole) was added to a
solution of 4-amino-5-chloro-N-[4-hydroxy-1-(tert-butoxycarbonyl)-4-piperidinyl methyl]
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benzofuran-7-carboxamide (0.064 gram, 0.151 mmole, obtained in the above step) in
DCM (10 mL) at 10 °C. The reaction mass was stirred ovemight at RT. The reaction mass
was concentrated and the slurry obtained was dissolved in chilled water (15 mL). The pH

was adjusted to ~ 9.5 using aquéous ammonia and extracted with DCM (3 x 10 mL). The

- combined organic phase was washed with water (10 mL) and brine solution (10 mL) and

dried over Na;SO4. The organic phase was concentrated under vacuum to afford the title
compound.. | ’
Weight: 0.040 grams (Yield: 83 %).

'H - NMR (5 ppm): 1.66 - 1.69 (4H, m), 2.86 - 3.04 (4H, m), 3.49 - 3.53 (2H, m), 7.11
(1H, d; J = 2.02 Hz), 7.80 (2H, m);

Mass (m/z): 324.2 (M+H)", 326.2 (M+H)".

Preparation 15 Preparation of 4-Amine-5-chloro-2- methyl-N—(4-

p1perldmylmethyl)benzofuran-7-carboxam1de

=

Step (i): Preparatlon of 4-Amino-5-chloro-2-methyl-N-[1-(t- butoxycarbonyl) 4-

“piperidinyl methyl]benzofuran-7-carboxamlde

ﬁ o
e

A solution of 4-amino-5- chloro 2-methyl benzofuran-7-carboxylic acid (0.300
gram, 1.330 mmole, obtained from preparation 3) and CDI (0.323 gram, 1.995 mmole) in
DCM (6 mL) was stirred for 2 hours at RT and added a solution of tert-butyl 4-
aminomethyl piperidine-1-carboxylate (0.341 gram, 1.596 mmole) in DCM (4 mL). The
reaction mass was stirred overnight (12 hours) at RT under nitrogen atrhosphere and
washed with chilled water (20 mL) and brine solution (20 mL) and dried over Na,SOs.

The organic phase was concentrated on rotavacuum to obtain the crude residue, which was
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further purified by flash chromatography using EtO’Ac:n-hexane (50:50) to afford the title
compound. |
Weight: 0.560 gram (Yield: 100%). .
'H - NMR (8 ppm): 1.19 - 1.29 (2H, m), 1.45 (9H,s), 1.75-1.78 (2H, m), 1.82 - 1.87 (1H,
m), 2.50 (BH, s), 2.61 - 2.71 (2H, m), 2.43 - 2.48 (2H, m), 4.09 - 4.15 (2H, m), 4.52 (2H,
bs), 6.37 (1H, s), 7.29 - 7.31 (1H, t), 7.95 (1H, s);
Mass (m/z): 422.3 (M+H)", 424.3 (M+H)".
Step (ii): Preparation of 4-Amino-5-chloro-2-methyl-/V-(4-
piperidinylmethyl)benzofuran-7-carboxamide |

Ethanolic hydrogen chloride (23 % w/w, 0.259 gram, 7.11 mmole) was added to a
solution of 4-amin0-5-chloro-2-methyl-N_—[[1-(t-butoxycarbonyl)-4-piperidinYmethyl]
benzofuran-7-carboxamide (0.60 gram, 1.423 mmole, obtained in the above step) in DCM

(20 mL) at 10 °C. The reactioﬁ mass was stirred overnight at RT and dissolved in chilled

~ water (15 mL). The pH was adjusted to ~ 9.5 using aqueous ammonia solution and

extracted with DCM (3 x 100 mL). The combined organic phase was washed with water
(10 mL) and brine solution (10 mL) and dried over Na,SO4. The organic phase was
concentrated under vacuum to afford the title compound.

Weight: 0.450 gram (Yield: 98 %). ‘

'H - NMR (8 ppm): 1.02 - 1.13 (2H, m), 1.60 - 1.66 (3H, m), 2.42 - 2.48 (2H, m), 2.54
(3H, s), 2.86 -2.96 (3H, m), 3.16 - 3.19 (2H, m), 4.54 (2H, bs), 6.41 (1H, s), 7.31 - 7.33
(1H, t), 7.96 (1H, s);

Mass (m/z): 322.4 (M+H)", 324.4 (M+H)".

Preparation 16: Preparation of 4-Amino-5-chloro-2-methyl-N-[(3-azabicyclo[3.1.0].

hex-6-yl)methyl}benzofuran-7-carboxamide
Os N

0]
_ Y/
Cl _
NH,
Step (i): Preparation of 4-Amino-5-chloro-2-methyl-N-{[3-(tert-butoxycarbonyl)-3-

azabicyclo[3.1.0]hex-6-yl] methyl}benzofuran -7-carboxamide
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A solution of 4-Amino-5-chloro-2-methyl benzofuran-7-carboxylic acid (0.101

- grams, 0.447 mmole, obtained from preparati_bn 3) and CDI (0.080 grams, 0.492 mmole)

in dry THF (3 mL) was stirred for 1 hour at RT. Then a solution of tert-butyl 6-
aminomethyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (0.095 grams, 0.447 mmole,
obtained in the preparation 4) in DCM (2 mL) was added at RT. The reaction mass was

‘stirred overnight (12 hours) at RT under nitrogen atmosphere, while 'r%aonitoring the

progress of the reaction by TLC. The reaction mass was concentrated and diluted with
EtOAc (50 mL), washed with chilled water (15 mL) and brine solution ( 15 mL) and dried
over Na;SO4. The organic phase was concentrated on rotavacuum to obtaln the crude
residue, which was further purlﬁed' by flash chromatography using EtOAc: n-hexane (30:
70) to afford the title compound '
Weight: 0.151 grams (Yield: 80 %). , .

e
o

“"H - NMR (8 ppm): 0.97 - 1.00 (1H, m), 1.42 (9, s), 1.55 - 1.58 (4H, mj; 2.52 (3H, s),

3.33 - 3.38 (2H, m), 3.51 - 3.64 (2H, m), (2H, bs), 6.37 (1H, s), 7.31 - 734 (1H, t), 7.95
(1H, s); | | T
Mass (m/z): 420.2 (M+H)*, 422.3 (M+H)".
Step (ii): Preparation of 4-Amino-5-chlor0-2-methyl—N—[(3-azabicyclo[3.1.0]hex-6-y1)
methyl}benzofurﬁn-7-carbbxamide |

Ethanolic hydrogen chloride (23 % w/w, 0.065 gram, 1.798 mmole) was added to a
stirred solution .of 4-amino-5-chloro-2-methyl-N-{[3-(tert-butoxycarbonyl)-3-azabicyclo
[3.1.0]hex-6-ylJmethyl} benzofuran -7-carboxamide (0.151 gram, 0.359 mmole, obtained
in the above step) in ethanol (15 mL) at 10 °C. The reaction mass was stirred overnight at
RT, while monitoring the progressv of the reaction by TLC. The reacﬁon mass was
concentrated and the slurry obtained was dissolved in water (15 rﬁL). The pH was adjusted
to ~ 9.5 using aqueous ammonia solution and the product was extracted with DCM (3 x 10

inL). The combined organic phase was washed with water (10 mL), brine solution (10
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mL) and dried over Na;SO4. The organic phase was concentrated under vacuum to afford
the title compbund. ‘ |

Weight: 0.089 gram (Yield: 77 %).

'H - NMR (8 ppm): 0.98 - 1.03 (I1H, m), 1.27 - 1.29 (2H, m), 1.46 - 1.49 (1H, m), 2.55
(3H, s), 2.91 - 2.94 (2H, m), 3.03 - 3.06 (2H, m), 3.47 - 3.51 (2H, m), 4.55 (2H, bs), 6.41
(1H, s), 7.34 - 7.35 (1H, t), 8.00 (1H, s); . | ‘

Mass (m/z): 320.2 (M+H)", 322.2 (M+H)".

~

Preparation 17: Preparation of 4-Amino-5-chloro-2-methyl-N-(4-fluoro-4-piperidinyl

methyl)benzofuran-7-carboxamide

Step (i): Preparation of 4-Amino-5-chloro-2-methyl-/V-[4-fluoro-1-(tert-

butoxycarbonyl) -4-piperidinyl methyl]benzofuran-7-carboxamide

Sean

F
O,

H
N

Cl

NH,

A soluﬁon of 4-amino-5-chloro-2-methyl benzofuran-?-cyarboxylicv acid (0.100
grams, 0.443 mmole, obtained from preparation 3) and CDI (0.079 grams, 0.487 mmole)
in DCM (3 mL) was stirred for 2 hours at RT. Then added a solution of with tert-butyl 4-
aminomethyl-4-fluoro piperidine-1-carboxylate (0.123 grams, 0.532 mmole, obtained in
above step) in DCM (2 mL). The reaction mass was stirred overnight (12 hours) at RT
under nitrogen atmosphere, while monitoring the progress of the reaction by TLC. The
reaction mass was washed with chilled water (10 mL) and brine solution (10 mL) and
dried over Na,;SO0,. The organic' phase was concentrated on rotavacuum to obtain the crude
residue, which was further purified by flash chromatography using EtOAc:n-hexane
(30:70) to afford the title compound. ‘

Weight: 0.188 grams (Yield: 97 %)..
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'H - NMR (8 ppm): 0.86 - 0.93 (2H, m), 1.45 (9H, s), 1.59 - 1.74 (2H, m), 1.87 - 1.90 (2H,
m), 2.23 - 2.29 (2H, m), 2.51 (3H, s), 3.11 - 3.16 (2H, m), 4.54 (2H, bs), 6.37 (1H, s),
7.50-7.52 (1H, t), 7.96 (1H, s);

Mass (m/z): 440.2 (M+H)", 442.3 (M+H)".

Step (ii): Preparation of 4-Amino-5-chloro-2-methyl-V-(4-fluoro-4-piperidinyl

methyl)benzofuran-7-carboxamide

cl
NH,

Ethanolic hydrogen chloride (23 % w/w, 0.074 grams, 2.047 mmole) was added to

a solution of 4¥amjno-5—chloro-2-methyl-N—[4-ﬂuor_o-1-(t-butoxycarbonyl)-4-piperidinyl

methyl] benzofuran-7-carboxamide (0.180 grams, 0.409 mmole, obtained in the above
step) in ethanol (10 mL) at 10 °C. The reaction mass was stirred overnight at RT, while
monitoring the progress of the reaction by TLC. Reaction mass was concentrated and the
slurry obtained was dissolved in chilled water (15 mL). The pH was adjusted to ~ 9.5
using aqueous NHj solution and the product obtained was extracted with DCM (3 x 10
mL). The combined organic phase was washed with water (10 mL) and brine solution (10
mL) and dried over Na,SO,4. The organic phase was concentrated under vacuum to afford
Weight: 0.140 grams (Yield: 100 %).
'H - NMR (8 ppm): 1.09 - 1.15 (2H, m), 1.64 - 1.70 (2H, m), 1.98 - 2.21 (3H, m), 2.43
(3H, s), 2.67 - 2.79 (2H, m), 3.52 - 3.58 (2H, m), 6.33 (2H, bs), 6.85 (1H, s), 7.54 (1H, s),
7.73 - 7.74 (1H, t);
Mass (m/z): 340.2 (M+H)", 342.2 (M+H)".
Preparation 18: Preparation of 4-Amino-5-chloro-2-methyl-N-(4-hydroxy-4-
piperidinyl methyl)benzofuran-7-carboxamide
H
Os N
OH
O
Y
Cl
NH,
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Step (i): Preparation of 4-Amin0-5-Chloro-2-methyl-N-[4-hydroxy-1-(tert¥butoxy
carbonyl)-4-piperidinyl methyl] benzofuran-7-carboxamide
gy
OxN:
OH
0]
/
Cl
~ NH; _

A solution of 4-amino-5-chloro-2-methyl benzofuran-7-carboxylic acid (0.100
grams, 0.443 mmole, obtained from preparation 3) and CDI (0.093 grams, 0.576 mmole)
in DCM (3 mL) was stirred for 2 hours at RT and added a solution of tert-butyl 4-
aminomethyl-4¥hydr0xy piperidiné—l-carboxylate (0.112 grams, 0.487 mmole) in DCM (2
mL). The reaction mass was stirred overnight (12 hours) at RT under nitrogen atmosphere
and washed with chilled water (10 mL), brine solution (10 mL) and dried over anhydrous
Na;S04. The organic phase was concentrated on rotavacuum to obtain the crude residue,
which was further purified by flash chromatography using EtOAc:n-hexane (80:20) to
afford the title compound.

Weight; 0.184 grams (Yield: 95 %).

'H - NMR (8 ppm): 1.35 (9H,:s), 1.39 - 1.51 (4H, m), 2.43 (3H, s), 3.08 - 3.10 (2H, m),
3.33 - 3.35 (2H, m), 3.60 - 3.63 (2H, m), 4.80 (1H, s), 6.31 (2H, bs), 6.85 (1H, s), 7.54
(1H, s), 7.67 - 7.70 (1H, t); | |

" Mass (m/z): 438.4 (M+H)", 440.1 (M+H)".

Step (ii): Preparation of 4-Amino-5-chloro-2-methyl—N-(4-hydroxy-4-piperidinyl
methyl)beniofuran-7-carboxamide

Ethanolic hydrogen chloride (30 % w/w, 0.075 gram, 2.05 mmole) was added to a
solution of 4-amino-5-chloro-2-methyl-N- [4-h5/droxy- 1-(tert-butoxycarbonyl)-4-
pipéridinyl methyl] benzofuran-7-carboxamide (0.180 gram, 0.411 mmole, obtained in the
above step) in DCM (5 'mL) at 10 °C. The reaction mass was stirred for 2 hours at RT,
while monitoring the progress of the reaction'by TLC. The reaction mass was concentrated
and the slurry obtained was dissolved in chilled water (15 mL). The pH was adjusted to ~
9.5 using aqueous NHj3 solution and the product obtained was extracted with DCM (3 x 10

mL). The combined organic phase was washed with water (10 mL) and brine solution (10
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mL) and dried over Na;SO4. The organic phase was concentrated under vacuum to afford

the title compound. ‘
Weight: 0.134 grams (Yield: 97 %). }
'H - NMR (8 ppm): 1.60 - 1.77 (4H, m), 2.44 (3H, s), 2.49 (2H, s), 2.96 - 3.10 (5H, m),
5.18 (1H, s), 6.35 (2H, bs), 6.88 (1H, s), 7.56 (1H,s), 7.77 - 7.80 (1H, 1),

Mass (m/z): 338.1 (M+H)", 340.4 (M+H)".

Preparation 19: Preparation of 4-Amino-5-chloro-/N-{[3-azabicyclo[3.1.0]hex-6-yl]

 methyl}-2,3-dihydrobenzofuran-7-carboxamide hydrochloride

Cl

Step (i): Preparation of 5-Amino-6-Chlor0-N-{[1-(te_rt-butoxycarbohyl)-3-
azabicyclo[3.1.0]hex-6-yl] methyl}-2,3-dihydrobenzofuran-7-carboxamide

’ O
| 1k
OTP\IIv@ ’
O

cl _
NH,

To a stirred solution of 4-amino'—5-chloro-2,3-dihydrobenzofuran-7-carboxylic acid

(1.22 grams, 5.71 mmols,.prepared as per the procedure given in Chem.Pharm. Bull. 1998,

46(1), 42-52) in a mixture of DCM (11.4 mL) and DMF (2.0 mL) cooled at 0 °C,
diisopropylethylamine (1.48 mL, 8.56 fnmols) was added. After stirring for 10 minutes, a
solution of tert-butyl 6-aminomethyl-3-azabic_:yclo[3.1;O]hexane-3-carboxyl'ate (1.27
grams, 5.99 mmols, obtainted in preparation 4) in DCM (11.4 mL) was added which was
followed by TBTU (2.01 grams, 6.28 mmols) addition. After stirringbthe reaction mixture
at RT for 16 hours, the volatiles were removed undér reduced pressure and the crude
product was purified by silica gel column chromatography to obtain the title compound.

Weight: 2.45 grams
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'H - NMR (8 ppm): 0.95 - 0.96 (m, 1H), 1.45 - 1.50 (2H, m), 3.07 (2H, t, ] = 8.6 Hz), 3.20
- 3.30 (1H, m), 3.30 - 3.40 (2H, m), 3.40 - 3.50 (1H, m), 3.53 (1H, d, J = 10.7 Hz), 3.62
(1H, d, ] =10.7 Hz), 4.27 (2H, bs), 4.79 (2H, t, J = 8.6 Hz), 7.39 (1H, bs), 7.85 (1H, s);
Mass (m/z): 408.1, 410.2 (M+H)". |
Step (ii): Preparation of 4-Amino-5-chloro-N-{[3-azabicyclo[3.1.0]hex-6-yl]jmethyl}-
2,3-dihydrobenzofuran-7-carboxamide hydrochloride

To a stirred solution of 5-amino-6-chloro-N-{[1-(tert-butoxycarbonyl)-3-
azabicyclo[3.1.0]hex-6-ylJmethyl}-2,3-dihydrobenzofuran-7-carboxamide (452.0 mg, 1.11
mmols, obtainted in the above step) in isopropanol (1.1 mL), cooled at 0 °C, a solution of
dry HClI in isopropanol (3M, 6 mL) was added. The reaction mass was gradually warmed
to RT and aﬁer stirring for 16 hours, the volatiles were removed under reduced pressure
and the crude mass was triturated with ether to obtain the product as white solid.
Weight: 337.3 mg (Yield: 88 %).
'H - NMR (8 ppm): 1.16 - 1.26 (1H, m), 1.65 - 1.72 (2H, m), 3.02 (2H, t, ] = 8.7 Hz), 3.10
- 3.38 (6H, m), 4.71 (2H, t, J = 8.7 Hz), 4.83 (2H, bs), 4.79 (2H, t, ] = 8.6 Hz), 7.50 (1H,
s), 7.58 (1H, bs), 8.85 (1H, bs), 9.49 (1H, bs).
Mass (m/z): 308.2, 310.2 (M+H)".
Preparation 20: Preparation of 2,2-dimethyl-3-methoxy propy! toluene-4-sulfonate
Oy P

N

JORSN

Step (i): Preparation of 2,2-dimethyl-3-methoxy propan-1-ol
HO%O/

A solution of 2,2-dimethyl propane;1,3-diol (10 grams, 0.096 mole) in THF (40
mL) was added to a stirred solution of NaH (60%, 3.84 grams, 0.160 mole) in THF (60
mL) drop wise at 0 °C. Then reaction mass was slowly heated to 80 °C and stirred for 1
hour. The reaction mixture was cooled to RT and added methyliodide (15 grams, 0.105
mole). The reaction mass was stirred overnight (20 hours) at RT under nitrogen
atrﬁosphere and poured onto chilled water (100 mL) and the product obtained was
extracted with diethyl ether (DEE) (3 x 100 mL). The combined organic phase was

washed with water (100 mL) and brine solution (100 mL) and dried over sodium sulfate.

‘The organic phase was concentrated under vacuum to obtain a crude residue, which was
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further purified by flash chromatography using MeOH: CHCl; (1.5:98.5) to afford the title
compound.
Weight: 6.5 grams (Yield: 57.52 %).

~ 'H - NMR (5 ppm): 0.90 (6H, s), 2.66 - 2.68 (1H, 1), 3.23 (2H, s), 3.33 (3H, 5), 3.42 - 3.43

(2H, d);
Mass (m/z): 119.4 (M+H)".

Step (ii): Preparation of 2,2-dimethyl-3-methoxy propyl toluene-4-sulfonate

p-Toluene sulfonyl chloride (3.74 grams, 0.019 mole) was added to a stirred
solution of 2,2-dimethyl-3-methoxy propan-1-ol (2.0 grams, 0.160 mole, obtainted in the
above step) in pyridine (60 mL) portion wise at 0 °C. The reaction mass was stirred

overnight (20 hours) at RT under nitrogen atmosphere. After completion of the reaction

~ (TLC), the reaction mass was poured onto chilled 1N solution of aqueous HCl (60-' mL) -

and the product was extracted with DEE (3 x 50 mL). The combined organic phase was

washed with water (40 mL), brine solution (40 mL) and dried over Na;SO4. The organic

phase was con(;entrated under vacuum to afford the title compound. ‘

Weight: 4.25 grams (Yield: 92.19 %).

'H - NMR (8 ppm): 0.87 (6H, s), 2.44 (3H, s), 3.06 (2H, s), 3.22 (3H, s), 3.78 (2H, s), 7.33 |

-7.35(2H, d, J=8.00 Hz), 7.77 - 7.79 (2H, d, J = 8.00 Hz);

Mass (m/z): 273.2 (M+H)".

Preparation 21: Preparation of 2-meth0xy-2-methyl propyl toluene-4-sulfonate
Oy

/©/ S//?O/xO\

Step (i): Preparation of 2-methoxy-2-methyl propan-1-ol

Ho R
A solution of isobutyleneoxide (1.0 grams, 13.888 mmole) and indium chloride
(0.61 grams, 2.757 mmole) in MeOH (20 mL) was stirred at 50 °C for 5 hours while
monitoring the progress of the reaction by TLC. After completion of the reaction (TLC),

the reaction mass was concentrated under vacuum and the residue was dissolved in DCM

, | (50 mL). The organic phase was washed with saturated sodium bicarbonate solution (10

mL) and dried overvNa2804.. The organic phase was concentrated under vacuum to afford

the title compound.

Weight: 0.18 grams (Yield: 12.5 %).
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'H - NMR (8 ppm): 1.16 (6H, s), 1.94 - 1.97 (1H, 1), 3.23 (3H, s), 3.42 - 3.44 (2H, d);
Mass (m/z): 105.1 (M+H)". |
Step (ii): Preparation of 2-methoxy-2-methyl propyl toluene-4-sulfonate

p-Toluene sulfonyl chloride (0.36 grams, 1.889 | mmole) was added to a stirred

solution of 2-methoxy-2-methyl propan-1-ol (0.18 grams, 1.73 mmole, obtainted in the

- above step) in pyridine (2 mL) portion wise at 0 °C. The reaction mass was stirred for 48

hours at RT under nitrogen atmosphere. After completion of the reaction (TLC), the

reaction mass was poured onto chilled 1 N aqueous HCI (10 mL) and the product was

~ extracted with ethyl acetate (3 x 5 mL). The combined organic phase was washed with

water (5 mL), brine solution (5 mL) and dried over Na,SO4. The organic phaSe was
concentrated under vacuum to afford the title compound. |

Weight: 0.26 grams (Yield: 12.5 %).

~ 'H- NMR (5 ppm): 1.13 (6H, s), 2.45 (3H, ), 3.14 (3H, s), 3.85 (2H, s), 7.33 - 7.35 (2H, _

d,J=28.00 Hz), 7.79 - 7.81 (2H, d, J = 8.00 Hz);
Mass (m/z): 259.2 (M+H)". ”
Example 1: Preparation of 5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-

' ylmethyl)-3-azabicyclo[3.1.0]hex-6-yljmethyl}chroman-8-carboxamide hydrochloride

H N
o)
HCI
Cl
| NH, _
Step (i): Preparation of 5-Am\§no-6-chlor0-N—{[3-(tetrahydro-ZH-pyran-4-ylmethyl)-
3-azabicyclo[3.1.0]hex-6-yl]méthyl}chroman-8-¢arb0xamide

- N

o | N
Cl |

NH,

A solution of  5-amino-6-chloro-N-{[3-azabicyclo[3.1.0]hex-6-yl]methyl}
chroman-8-carboxamide (7.4 grams, 0.023 mole, obtained in the preparation 8) and
tetrahydro pyran-4-carboxaldehyde (3.14 grams, 0.027 mole) in dichloroethane (DCE)
(200 mL) was cooled to 10 °C and treated with sodium triacetoxyborohydride (9.75 gram,
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0.046 mole). The reaction mass was stirred overnight at RT. After completion of the
reaction (TLC), the reaction mass was poured onto water (100 mL). The pH of the
resulting mass was adjusted to ~ 9.5 with aqueous NHj3 solution and separated both layers.
The aqueous layer was extracted with DCM (3 x 50 mL). The combined organic phase
was washed with water (50 mL), brine solution (50 mL) and dried over Na,SO,4. The
organic phase was concentrated under vacuum to obtain a crude fesidue, which was
further purified by flash chromatography using TEA: MeOH: CHClI; (0.5:2:97.5) to afford
the title compound.
Weight: 7.4 gram (Yield: 77 %).
'H - NMR (8 ppm): 1.04 - 1.20 (2H, m), 1.21 - 1.29 (3H, m), 1.51 - 1.58 (3H, m), 1.94 -
1.98 (2H, m), 2.16 - 2.22 (4H, m), 2.44 - 2.49 (2H, m), 2.87 - 2.89 (2H, d), 3.05 - 3.08
(2H, t), 3.19 - 3.25 2H, t), 3.75-3.79 (2H, m), 4.18 - 4.21 (2H, m), 5.59 (2H, bs), 758«
(1H,s),7.97-8.00 (1H, );
Mass (m/z): 420.3 (M+H)", 422.4 (M+H)".
Step (ii): Preparation of 5-Amino-6-chloro-N-{[3-(tetrahydr0-2H-pyran-4-ylmethyl)-":“‘
3-azabicyclo[3.1.0]hex-6-ylmethyl}chroman-8-carboxamide hydrochloride

Methanolic hydrogen chloride (20 % w/w, 0.22 gram, 6.02 mmole)‘was added to a
solution of 5-amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]:
hcx-6-yl]fnethyl} chroman-8-carboxamide (1.0 gram, 2.38 mmole, obtained in the above_-'fl_-’
step) in diethyl ether (DEE) (40 mL) and MeOH (5 mL) at RT. The reaction mass was
heated at 40 °C under stifring and added MeOH (5 mL) to obtain a clear solution. The-ff:f
clear mass obtained was stirred further for 2 hours at 40 °C and allowed to cool to RT. The
reaction mass was stirred overnight at RT and resulted solid mass was filtered under
vacuum. The solid mass, thus‘obtained, was washed with chilled DEE (20 mL) and dried
under vacuum to afford the title compound. |
Weight: 0.86 gram (Yield: 79.6 %).
'H - NMR (8 ppm): 1.14 - 1.17 (2H, m), 1.55 - 1.65 (2H, m), 1.73 - 1.78 (2H, m), 1.82 -
1.94 (2H, m), 2.31 - 2.48 (2H, m), 2.68 - 2.82 (1H, m), 2.87 - 2.92 (1H, m), 2.97 - 3;11
(2H, m), 3.13 - 3.15 (2H, m), 3.21 - 3.26 (4H, m), 3.62 - 3.65 (2H, m), 3.78 - 3.90 (2H,
m), 4.18 - 4.19 (2H, m), ‘5.62 (2H, bs), 7.58 (1H, 5), 8.09 - 8.12 (1H, t), 9.50 (1H, bs);
Mass (m/z): 420.3 (M+H)", 422.4 (M+H)". ‘
Ethple 2: Preparation of 5-Amino-6-chloro-NV-{[3-(tetrahydro-2H-pyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-ylmethyl}chroman-8-carboxamide hemifumarate
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H N '
AT
O

0.5 HO,C
_\\—COZH
cl
NH,

A solution of 5-amino-6—chlor0-N—{[3-_(tetrah};dro-2H-pyran-4-ylmethyl)-3-

azabicyclo[3.1.0]hex-6-ylJmethyl} chroman-8-carboxamide (2 éram, 4.76 mmole, obtained

in the step (i) of Example 1) in DEE (80 mL) and ethanol (20 mL) was heated at 40 °C

under stirring for 1 hour. Fumaric acid (0.387 gram, 3.33 mmole) solution in ethanol (4
mL) was added slowly at 40 °C. During addition clear solution was obtained. After
completion of addition (~10 minutes), the mass was stirred further for 10 minutes at 40 °C,’
during stirring solids formation was observed. The mass was allowed to cool to RT and
stirred overnight at same temperature, the resulted solids were filtered under vacuum. The
solid mass, thus obtained, was washed with chilled DEE (20 mL) and dried under vacuum
to afford the title compound.

Weight: 1.85 gram (Yield: 81.4 %). ,

'H - NMR (8 ppm): 0.98 - 1.07 (2H, m), 1.28 - 1.29 (1H, m), 1.52 - 1.58 (3H, m), 1.94 -
1.96 (2H, m), 2.21 - 2.24 (4H, m), 2.44 - 2.45 (2H, m), 2.91 - 2.93 (2H, m), 3.05 - 3.09
(2H, m), 3.19 - 3.25 (4H, m), 3.75 - 3.79 (2H, m), 4.18 - 4.21 (2H, m), 5.59 (2H, s), 6.58
(1H,'s), 7.58 (1H, s), 7.97 - 8.00 (1H, t);

Mass (m/z): 420.4 (M+H)", 422.3 (M+H)",

Example 3: Preparation of 5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxamide L(+)-tartarate

A solution of L(+)-tartaric acid (0.212 gram, 1.42 mmole) in 5 mL. MeOH was
added to a stirred solution of 5—Amin0-6-chlor0-N—{[3-(tetrahydro-2pryran-4-y1methy1)-

3-azabicyclo[3.1.0]hex-6-yl|methyl} chroman-8-carboxamide (0.6 gram, 1.43 mmole,

obtained in step (i) of example 1) in MeOH (15 mL). The clear mass obtained was stirred

further for 2 hours at RT. The solvent was evaporated to afford solid mass. The solid mass
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was triturated with DEE (20 mL) and dried under reduced pressure to obtain the title

- compound.

Yield: 0.79 gram (97.9 %). _
'H - NMR (5 ppm): 1.25 - 1.36 (4H, m), 1.49v- 1.51 (1H, m), 1.66 - 1.76 (2H, m), 1.86 -
1.88 (2H, m), 2.04 - 2.06 (1H, m), 2.07 - 2.09 (2H, m), 2.51 - 2.55 (2H, t), 2.98 - 3.00 (2H,
d), 3.37 - 3.46 (4H, m), 3.48 - 3.55 (2H, m), 3.89 - 3.93 (2H, m), 4.25 - 4.28 (2H, 1), 4.41
(2H, s), 7.71 (1H, s), 8.40 - 8.43 (1H, t);

Mass (m/z): 420.3 (M+H)", 422.4 (M+H)".
Examples 4 to 29: The’compounds of Examples 4 to 29 weré prepared by following the

experimental procedures as described in the Examples 1 to 3 given above, with some

noncritical variations.

Example
Number

Chemical name and
Structure

Characterization data

5-Amino-6-chloro-N-{[3-(tetrahydro-2H-
pyran-4-ylmethyl)-3-azabicyclo[3.1.0]Thex-6-

ylJmethyl} chroman-8-carboxamide

Cl

"H - NMR (5 ppm): 1.22 - 1.30 (4H,

m), 1.51 - 1.54 (4H, m), 1.94 - 1.98

(2H, m), 2.16 - 2.18 (4H, m), 2.44 -
2.48 (2H, m), 2.88 - 2.90 (2H, m),
3.05 - 3.08 (2H, m), 3.19 - 3.5 (2H,
m), 3.75 - 3.82 (2H, m ), 4.18 - 4.21
(2H, m), 5.59 (2H, bs), 7.58 (1H, s),
7.97 - 8.00 (1H, t); o

Mass (m/z): 420.3 (M+H)*, 422.4
M+H)". |

5-Amino-6-chloro-N-{[3-(tetrahydro-2H-

pyran-4-y1)-3-azabicy_clo[3 .1.0]hex-6-

yl]methyl}chroman-8-carboxamide

@
.H N
@) N\/@
(@)

Cl _
NH,

TH - NMR (6 ppm): 1.29 - 1.34 (2H,
m), 1.37 - 1.41 (1H, m), 1.66 - 1.71
(3H, m), 1.94 - 1.96 (3H, m), 2.44 -
249 (2H, m), 2.51 - 2.54 (2H, m),
3.05 - 3.15 (3H, m), 3.20 - 3.50 (4H,
m), 3.58 - 3.81 (2H, m), 4.19 - 421
(H, 1), 5.59 (2H, s ), 7.59 (1H, s),
8.01 - 8.04 (1H, t);

Mass (m/z): 406.3 (M+H)*, 408.1
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(M+H)".

5-Amino-6-chloro-N-{[3-(tetrahydro-2H-
pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide L(+)-

tartarate

3
H N
o i
OH O
O
HONOH
Cl (@) OH ‘
NH,

'H - NMR (6 ppm): 1.21 - 1.29 (3H,
m), 1.36 - 1.40 (2H, m), 1.67 - 1.71
(2H, m), 1.81 - 1.90 (2H, m), 1.96 -
1.99 (2H, m), 2.07 - 2.10 (2H, m),
3.31 - 3.40 (3H, m), 3.42 - 3.51 (2H,
m), 3.54 - 3.67 (2H, m), 3.98 - 4.02
(2H, m), 427 - 429 (2H, 1), 4.45
(2H, s ), 7.72 (1H, s);

Mass (m/z): 406.3 (M+H)", 408.1
(M+H)".

5-Amino-N-{[3-(tetrahydro-2H-pyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide

L(+)-tartarate
. Os N O
' 0 , OH O

HONOH

O OH :

NH,

"H - NMR(5 ppm): 1.26 - 1.35 (4H,

'm), 1.38 -11.48 (1H, m), 1.63 - 1.66

(2H, m), 185 - 1.99 (4H, m), 2.02 -
2.08 (2H, m), 2.46 - 2.49 (2H, 1),
3.03 - 3.11 (3H, m), 3.36 - 3.42 (2H,
), 3.64 - 3.73 (2H, m), 3.89 - 3.93
(2H, m), 423 - 426 (2H, 1), 4.50
2H, s), 6.30 - 6.32 (1H, d; J = 8.64
Hz), 7.58 1~ 7.60 (1H, d, J = 8.62
Hz),

Mass (m/z): 386.4 (M+H)".

(R,S) 5-Amino-6;chloro-N—{[3 -(tetrahydro-3-
furanylmethyl)-3-azabicyclo[3.1.0]hex-6-

yl]methyl}chroman-8-carboxamide

Cl

'H - NMR (8 ppm): 1.42 - 1.45 (2H,
m), 1.79 - 1.89 (2H, m), 1.94 - 1.97
(2H, m), 2.18 - 2.22 (2H, m), 2.28 -

12.38 2H, m), 2.44 - 2.49 (2H, m),

2.71 - 2.81 (1H, m), 2.89 - 2.94 (2H,
m), 3.07 - 3.09 (2H, 1), 3.41 - 3.49
(1H, m), 3.52 - 3.56 (2H, m), 3.64 -
3.72 (2H, m), 4.19 - 421 (2H, ),
5.59 (2H, bs), 7.59 (14, s), 7.98 -
8.00 (1H, t);
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Mass (m/z): 406.4 (M+H)", 408.3
(M+H)". '

(R,S) 5-Amino-6-chloro-N-{[3-(tetrahydro-3-
furanylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide L(+)-

tartarate

‘ Os_N - o
- OH O
0
H g
Oy on
cl . O OH
NH, ?

'H - NMR (8 ppm): 1.62 - 1.67 (1H,
m), 1.73 - 1.78 (2H, m), 2.07 - 2.13
(2H, m), 2.14 - 2.17 (1H, m), 2.52 -
2.57 (3H, m), 3.01 - 3.09 (4H, m),
3.40 - 3.55 (4H, m), 3.58 - 3.62 (1H,
m), 3.64 - 3.75 (2H, m), 3.82 - 3.90
(2H, m), 427 - 429 (2H, 1), 4.42
@QH,s),7.73 (1H, s);

Mass (m/z): 406.4 (M+H)", 408.6
(M+H)",

10.

5-Amino-6-chloro-N-{[4-fluoro-1-(tetrahydro-
3-furanylmethyl)-4-piperidinyl]

methyl}chroman-8-carboxamide

. H N/\E}
O N\/D 0]
0] F.
Cl
NH;

TH - NMR (3 ppm): 1.47 - 1.50.(IH,

m), 1.58 - 1.69 (4H, m), 1.87 -<1.97
(4H, m), 2.12 - 2.24 (4H, m), 2.37 -
2.46 (3H, m), 2.48 - 2.66 (2H, m),
3.46 - 3.58 (3H, m), 3.65 - 3.70 (2H,
m), 4.18 - 421 (2H, 1), 5.66 (2H, s),
7.60 (1H, s), 8.01 (1H, 1);

Mass (m/z): 426.2 (M+H)", 4283
(M+H)". ‘

11.

5-Amino-6-bromo-N-{ [3-(tetrahydro-2H- _
pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-

ylJmethyl} chroman-8-carboxamide

'H - NMR (8 ppm): 1.21 - 1.27 (2H,
m), 1.49 - 1.62 (4H, m), 1.68 - 1.78
(1H, m), 1.91 - 1.93 (2H, m), 2.09 -
2.21 (3H, m), 2.42 - 2.50 (2H, m),
2.79 - 2.87 (2H, m), 2.91 - 3.04 (1H,
m), 3.06 - 3.12 (2H, m), 3.23 - 3.27
(3H, m), 3.69 - 3.76 (2H, m), 4.16 -
4.18 (2H, 1), 5.49 (2H, bs), 7.71 (1H,
s), 7.96 - 7.99 (1H, t);

Mass (m/z): 464.1 (M+H)", 466.1
(M+H)".
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5 -Amino-6-bromb-N— {[3-(tetrahydro-2H-

~ pyran-4-ylmethyl)-3-azabicyclo[3.1 .0]hex-6-

ylJmethyl}chroman-8-carboxamide L(+)-

tartarate

- H
o i )

'H - NMR (8 ppm): 1.26 - 1.35 (2H,

m), 1.42 - 1.48 (1H, m), 1.63 - 1.66 |
(2H, m), 1.82 - 1.98 (3H, m), 2.05 -
2.07 (2H, m), 2.52 - 2.55 (2H, 1),
2.99 - 3.01 (2H, d), 3.12 - 3.32 (4H,

m), 3.36 - 3.45 (4H, m), 3.89 - 3.93
SN OH O (2H, m), 4.24 - 4.26 (2H, t), 4.44
Br HONOH (2H, s), 7.87 (1H, s);
NH, o OH Mass (m/z): 464.1 (M+H)*, 466.0
(M+H)". o |
4-Amino-5-chloro-N-{[3-(tetrahydro-2H- 'H - NMR (8 ppm): 1.11 - 1.22 (3H,
pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6- | m), 1.59 - 1.63 (3H, m), 1.78 (2H,
yl]methyl}benzofuran-7-carboxamide s), 1.87 (1H, s), 2.97 - 3.00 (2H, t),
hydrochloride 3.15 - 3.29 (5H, m), 3.63 - 3.67 (2H,
13. H \/@NC m), 3.79 - 3.82' (2H, m), 6.47 (2H,
Ox-N ' © bs), 7.26 - 7.27 (1H, m), 7.60 (1H,
O el ), 7.91 - 7.92 (IH, m), 7.98 - 8.00
Cl / (1H, t), 9.1 (1H, bs);

NH; Mass (m/z): 404.1 (M+H),

406.1(M+H)".
4-Amino-5-chloro;N-{[3-(tetrahydro-2H- 'H - NMR (400 MHz, CDCl3): &
: pyran—4-y1)-3-azabicyclo[3.1.0]hexv-6'- 1.40 - 1.80 (m, 7H), 2.40 - 2.60 (2H,
yl]methyl}benzofuran-7-carboxamide m), 3.15 - 3.30 (1H, m), 3.31 - 3.43
| . /OO (6H, m), 3.97 2H, d, J = 11.4 Hz),
14 o v@ 4.64 (2H, bs), 6.78 (1H, s), 7.34

O N (1H, bs), 7.65 (1H, s), 8.04 (1H, s);
O/ Mass (m/z): 390.1 (M+H)", 391.9
Cl (M+H)".

: NH, .
4-Amino-5-chloro-N-{[3-(tetrahydro-2H- 'H - NMR (5 ppm): & 1.20 - 1.30
s, pyran-4-yl)-3-azabicyclo[3.1.0]hex-6- (2H, m), 1.50 - 1.60 (1H, m), 1.60 -

yl]methyl}benzofuran-7-carboxamide oxalate

1.75 (2H, m), 1.75 - 1.88 (4H, m),
3.10 - 3.30 (5H, m), 3.50 - 3.65 (21,
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cl
 NH,

m), 3.82 - 3.92 (2H, m), 6.46 (2H,
bs), 7.26 (1H, s), 7.59 (1H, s), 7.91
(1H, s), 7.95 (1H, bs);

Mass (m/z): 390.2 (M+H)", 392.0
(M+H)". '

4-Amino-5-chloro-N-{[3-(1-
methoxycarbonylpiperidine-4-yl)-3-

“azabicyclo[3.1.0]hex-6-ylJmethyl} benzofuran-

7-carboxamide
O_

'H - NMR (400 MHz, CDCl): &
1.35 - 1.50 (3H, m), 1.55 - 1.65 (2H,
m), 1.70 - 1.83 (2H, m), 2.20 - 2.30
(1H, m), 2.32 - 2.45 (2H, m), 2.33 -
2.98 (2H, m), 3.02 - 3.20 (2H, m),
3.36 - 3.45 (2H, m), 3.67 3H; s),

16. H v@ Sl
Ow N 3.85 - 4.05 (2H, m), 4.64 (2H,:bs),
| 5 6.78 (1H, d, J = 1.9 Hz), 7.31 (1H,
Y bs), 7.65 (1H, d, J = 1.9 Hz), 8.04
° NH, (1H, s); | |
Mass (m/z): 447.1 (M+H)", 449.1
(M+H)". ‘
4-Amino-5—chloro-N—{[3-(1- 'H - NMR (6 ppm): & 1.32 - 1.45
methoxycarbonylpiperidine-4-yl)-3- (3H, m), 1.70 - 1.80 (2H, m), 1.86 -
azabicyclo[3.1.0]hex-6-yl]methyl}benzofuran- | 1.96 (2H, m), 2.65 - 2.85 (2H,5m),
7-carboxamide oxalate 3.00 - 3.25 (5H, m), 3.40 - 3.55 (2H,
. O _{?‘“ m), 3.57 3H, s), 3.90 - 4.0 (2H, m),
H\/@ 0 6.45 (2H, bs), 7.21 (1H, d, J = 1.9
O N Hz), 7.59 (1H, s), 7.91 (1H, d, J =
ggg;‘ 1.9 Hz,), 7.96 (1H, bs);
cl Mass (m/z): 447.3 (M+H)", 4492
NH, . (M+H)".
4-Amino-5-chloro-2-methyl-N- {[3-(tetrahydro- | 'H - NMR (6 ppm): 1.06 - 1.19 (2H,
3 2H;pyran-4-y1methyl)-3—azabicyc10[3.l.O]hex- m), 1.59 - 1.65 (4H, m), 1.76 - 1.79

6-ylJmethyl}benzofuran-7-carboxamide
hydrochloride

(2H, m), 1.85 - 1.86 (1H, m), 2.42
(3H, s), 2.94 - 2.97 (2H, m), 3.16 -
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e

0) N\/&\)
O HCI
Y
Cl
NH,

3.26 (5H, m), 3.60 - 3.64 (2H, m),
3.76 - 3.79 (2H, m), 6.28 (2H, bs),
6.81 (1H, s), 7.48 (IH, s), 7.88 -
7.91 (1H, 1), 9.44 (1H, bs);
Mass - (m/z): 418.3
420.3(M+H)".

(M+H)",

4-Amino-5-chloro-N-[(3-isopropyl-3-

azabicyclo[3.1.0}hex-6-yl)methyl]-2,3-

dihydrobenzofuran-7-carboxamide

S
i

'H - NMR (400 MHz, CDCL): &
1.02 (6H, d, J = 6.2 Hz), 1.32 - 1.43
(3H, m), 2.37 (2H, d, J = 9.3 Hz),
3.00 - 3.10 (4H, m), 3.27 2H, t, J =

19. o 6.3 Hz), 4.22 (2H, bs), 4.78 (2H, t, J
o = 8.7 Hz), 7.36 (1H, bs), 7.86 (1H,
s).
Cl : Mass (m/z): 350.3 (M+H)*, 352.4
NH, X
(M+H)". )
4;Amino-5-chloro-N-[(3-isopropyl-3- 'H - NMR (8 ppm): & 1.14 (6H, s),
azabicyclo[3.1.0]hex-6-yhmethyl]-2,3- 1.30-1.40 (1H, m), 1.70 - 1.78 (2H,
dihydrobenzofuran—7-carboxamide oxe;late m), 3.0 (2H,t, J = 8.6 Hz), 3.11 (2H,
t,J = 6.1 Hz), 3.15 - 3.35 GH, m,),
20. v@ 13.30 - 3.55 (2H, m), 4.68 (2H, t, J =
: coo 8.6 Hz,), 5.85 (2H, bs), 7.43 (1H, s),
COOH 7.57 (1H, bs);
Mass (m/z): 350.3 (M+H)", 352.4
(M+H)*.
4-Amino-5-chloro-N-{[3-(cyclobutyl methyl)- |'H - NMR (400 MHz, CDCl3): &
3-azabicyclo[3.1.0] hex-6-yl] methyl}-2,3- 1.35-1.38 (2H, m), 1.38 - 1.45 (1H,
dihydrobénzofuran-7-carboxamide m), 1.62 - 1.72 (4H, m), 1.85 - 1.95
- EVQ/\Q (1H, m), 2.00 - 2.10 (2H, m), 2.33

0
0
cl
NH,

(2H, d, J = 8.4 Hz), 2.43-2.48 (2H,
m), 3.02 (2H, d, 8.8 Hz), 3.10 2H, t,
J=8.6 Hz),3.30 (2H, t, ] = 6.0 H;),‘
4.27 (2H, bs), 4.82 (2H,'t, J = 8.6
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Hz), 7.39 (1H, bs), 7.90 (1H, s);
Mass (m/z): 376.3 (M+H)", 378.2
(M+H)".

4-Amino-5-chloro-N-{[3-(cyclobutylmethyl)-3-

“azabicyclo[3.1.0Thex-6-yl]methyl}-2,3-

dihydrobenzofuran-7-carboxamide oxalate

NP

'H - NMR (8 ppm): & 1.38 - 1.48

(1H, m), 1.65 -'1.80 (4H, m), 1.80 -
1.90 (1H, m), 1.97 - 2.08 (2H, m),
2.47 - 2.60 (1H, m), 3.00 - 3.25 (8H,

22. m), 3.35 - 3.50 (2H, m), 472 H, t, |
0 GOOH J =87 Hz), 5.90 H, s), 7.47 (1H,
COOH - -
Cl : s), 7.60 (1H, bs);
NH, Mass (m/z): 376.3 (M+H)", 3782
(M+H), - | |
4-Amino-5-chloro-N-{[3-(1- "H - NMR (400 MHz, CDCL3):5 1.32
“methoxycarbonylpiperidine-4-yl)-3- - 1.40 3H, m), 1.57 - 1.60 (2H, m),
azabicyclo[3.1.0]hex-6-yllmethyl}-2,3- 1.68 - 1.78 (2H, m), 2.17 - 2.25 (2H,
dihydrobenzofuran-7-carboxamide m), ‘2_34 (2H, d, J = 8.1 Hz), 2.88 -
Q 2.88 (2H, m), 3.02 - 3.12 (4H, m),
| Xy
23. O o 3.23 - 3.33 (2H, m), 3.66 (3H, ),
o v@ 3.82 - 4.0 (2H, m), 4.24 (2H, bs),
O N . 478 2H, t, J = 8.6 Hz), 7.36 (1H,
0 bs), 7.86 (1H, s); |
cl Mass (m/z): 449.2 (M+H)", 451.0
NH, (M+H)".
4~Amino-5-chloro-N-{[3-(1- "H - NMR (6 ppm): & 1.18 - 1.32
methoxycarbonylpiperidine-4-yl)—3- (3H, m), 1.42 - 1.50 (2H, m), 1.72 -
azabicyclo[3.1.0]hex-6-ylJmethyl}-2,3- 1.82 (2H, m), 2.40 - 2.60 (3H, m), |
dihydrobenzofuran-7-carboxamide L(+)- 2.78 - 2.90 (2H, m), 3.00 - 3.15 (4H,
24, tartarate m), 3.30 - 3.50 (2H, m), 3.56 (3H,

1's), 3.76 - 3.88 (2H, m), 4.18 (2H, s),

4.72 (2H, t, ] = 8.7 Hz), 5.87 (2H,
bs), 7.46 (1H, s), 7.53 (1H, bs);
Mass (m/z): 449.2 (M+H)", 451.1
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_ O OH
Cl

NH,

25.

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}-2,3-dihydrobenzofuran-7-

carboxamide

'H - NMR (400 MHz, CDCls): &
1.18 - 1.32 (2H, m), 1.35 - 1.46 (3H,
m), 1.60 - 1.70 (3H, m), 2.25 - 2.35
(4H, m), 3.02 (2H, d, J = 8.5 Hz),
3.10 (2H, t, J = 8.6 Hz), 3.30 (2H, t,
J =6.0Hz), 338 QH, t, J = 11.2
Hz), 3.93 - 4.01 (2H, m,), 4.27'(2H,
bs), 4.83 (2H, t, J = 8.6 Hz), 7.39
(1H, bs), 7.91 (1H, s,).

Mass (m/z): 406.3 (M+H)", 408.1
(M+H)".

26.

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}-2,3-dihydrobenzofuran-7-

carboxamide L(+)-tartarate

cl
NH,

'H - NMR (6 ppm): & 0.95 - 1.10
(2H, m), 1.25 - 1.32 (1H, m), 1.33 -
1.42 (2H, m), 1.47 - 1.55 (2H, m),
1.55 - 1.70 (1H, m), 2.28 - 2.50 (4H,
m), 2.99 (24, t, J = 8.6 Hz), 3.06
(2H, t, ] = 6.3 Hz), 3.30 - 3.50 (4H,
m), 3.76 (2H, dd, J = 2.7, 11.2 Hz),
4.16 (2H, s), 4.68 (2H, t, ] = 8.7 Hz),
5.84 (2H, bs), 7.42 (1H, s), 7.47
(1H, bs); -

Mass (m/z): 406.3 (M+H)", 408.2
(M+H)".

27.

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-
yl)-3-azabicyclo[3.1.0]hex-6-yllmethyl}-2,3-

dihydrobenzofuran-7-carboxamide

'H - NMR (400 MHz, CDCL): 8
1.30 - 1.35 (1H, m), 1.38 - 1.45 (2H,
m), 1.50 - 1.60'(2H, m), 1.70 - 1.80
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Cl

(2H, m), 2.25 - 2.35 (1H, m), 2.40
(2H, d, J = 6.9 Hz), 3.02 - 3.18 (4H, .
m), 3.32 2H, t, J = 5.7 Hz), 3.40
(2H, t, J = 11.2 Hz), 3.92 - 4.0 (2H,
m), 427 (2H, bs), 4.82 (2H, t, J =
8.6 Hz), 7.41 (1H, bs), 7.90 (1H, s);
Mass (m/z): 392.3 (M+H)", 394.1
(M+H)".

4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-
yl)-3-azabicyclo[3.1.0]hex-6-ylJmethyl}-2,3-

'dihydrobenzofuran—7-carboxamide oxalate

'H - NMR (8 ppm): & 1.30 - 1.40

| (1H, m), 1.50 - 1.62 (2H, m), 1.70 -

1.90 (4H, m), 3.02 2H, t, J = 8.6
Hz), 3.10 - 3.35 (9H, m), 3.88 (2H,

28.
u V@ d,J =9.1Hz), 472 2H, t,J = 8.6
Os_N
Hz), 5.90 (2H, bs), 7.47 (1H, s), 7.61
% gooH (1H, bs); |
COOH .

Cl Mass (m/z): 392.3 (M+H)", 394.1

NH, ' +

(M+H)".
4-Amino-5-bromo-N-{[3-(tetrahydropyran-4- | '"H - NMR (8 ppm): & 1.30 - 1.40
yl)-3.-azabicyclo[3.1.0]hex-6-yl]methyl}-2,3- (1H, m), 1.42 - 1.58 (2H, m), 1.65 -
dihydrobenzofuran-7-carboxamide oxalate | 1.75 (2H, m), 11,80 - 1.88 (2H, m),
A /@ 2.98 - 3.28 (9H, m), 3.35 - 3.55 (2H;
29. m), 3.83 - 3.92 (2H, m), 4.70 (2H, t,

Br

| 7=18.7 Hz), 5.83 (2H, bs), 7.58 (1H,

s), 7.61 (1H, bs);
Mass (m/z): 438.1 (M+H)*, 436.1
(M+H)". '

Example 30: Preparation of 5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-

pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex_-6-yl]methyl}chroman—8-carb0xamide L(#+)-

tartarate
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. OH
o N
o OHO
HO\ AN on
cl . O OH

NH,
Step (i): Preparation of 5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-
“ylmethyl)-3-azabicyclo[3.1.0]hex-6-yljmethyl}chroman-8-carboxamide

;!
0
cl
; -~ NH, |

A solution of 5-amino-6-chloro-N-{[3-azabicyclo[3.1 .O]hex-6-yi]methyl}chroman-

8-carboxamide (100 mg, 0.307 mmole, obtained in the preparation 8), 1,6-dioxa

spiro[2.5]octane (71 mg, 0.622 mmole) and TEA (95 mg, 0.940 mole) in MeOH (10 mL)

was stirred overnight at 78 °C, while monitoring the progress of the reaction by TLC.

After completion of the reaction, the reaction mass was concentrated and the crude

residual mass, thus obtained, was further purified by flash chroﬁiatography using

MeOH:TEA:CHCl; (5: 2: 93) to afford the title compound. ‘}.

Weight: 85 mg (Yield: 62.5 %). |

'H - NMR (8 ppm): 1.15 - 1.35 (6H, m), 1.42 - 1.52 (2H, m), 1.93 - 2.21 (2H, m), 2.29 -

2.46 (SH, m), 2.97 - 3.05 (4H, m), 3.50 - 3.53 (4H, m), 4.00 (1H, s), 4.17 - 4.19 (2H, m),

5.57 (2H, bs), 7.56 (1H, s), 7.97 - 8.01 (1H, t);

Mass (m/z): 436.4 (M+H)", 438.4 (M+H)".

Step (ii): Preparation of 5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-

ylmethyl)-3-azabicyclo[3.1.0]hex-6-ylJmethyl}chroman-8-carboxamide L(+)-tartarate
- A clear solution of L(+)-tartaric acid (27.5 mg, 0.183 mmole) in 2 mL MeOH

was added to a stirred solution of 5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-

pyran-4-ylmethyl)-3-azabicyclo[3.1.0Thex-6-ylJmethyl} chroman-8-carboxamide (80

mg, 0.183 mmole, obtained in the above step) in MeOH (20 mL) at RT. The clear mass

- was stirred further for 2 hours at RT. The solvent was evaporated to afford solid mass.
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The solid mass was further triturated with DEE (2 x 5 mL) and dried under reduced

pressure to obtain the title compound.
Weight: 96.7 mg (Yield: 89.9 %).

'H - NMR (8 ppm): 1.52 - 1.58 (3H; m), 1.61 - 1.68 (2H, m), 1.81 - 1.84 (2H, m), 2.05 -
2.08 (2H, m), 2.51 - 2.54 (2H, t), 3.03 - 3.04 (2H, m), 3.11 - 3.14 (1H, m), 3.28 - 3.32 (2H,
m), 3.39 - 3.46 (4H, m), 3.70 - 3.75 (4H, m), 4.24 - 4.27 (2H, 1), 4.42 (2H, s), 7.71 (1H, s).
Mass (m/z): 436.4 (M+H)", 438.4 (M+H)". |

- Examples 31 to 35: The compounds of Examples 31 to'35 were prepared by following

the experimental procedure as described in the Example 30 given above, with some

noncritical variations.

: EXémple

Number

Chemical name and
Structure

Characterization data

4-Amino-5-chloro-N-{[3-(4-
hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0Thex-6-

ylJmethyl } benzofuran-7-carboxamide

'H - NMR (400 MHz, CDCl): & 1.40
- 1.60 (7H, m), 2.40 - 2.50 (2H, m),
2.60 - 2.70 (2H, m), 3.08 - 3.20 (2H,
m), 3.37 - 3.43 (2H, m), 3.70 - 3.80

31. N OH (4H, m), 4.64 (2H, bs), 6.79 (1H, s),
o) IP\I{V@ n 7.31 (1H, bs), 7.66 (1H, s), 8.05 (1H,
0 s); .
o / Mass (m/z): 420.0 (M+H)', 422.0
NH, (M+H)".
4-Amino-5-chloro-N-{[3-(4- 'H - NMR (8 ppm): 1.40 - 1.62 (SH,
hydroxytetrahydro-2H-pyran-4-ylmethyl)-3- | m), 1.65 - 1.76 (2H, m), 2.90 - 3.0
azabicyclo[3.1.0]hex-6- (2H, m), 3.18 (2H, t, J = 5.8 Hz), 3.53
ylJmethyl}benzofuran-7-carboxamide - 3.63 (4H, m), 6.45 (2H, bs), 7.26
oxalate (1H, s), 7.60 (1H, s), 7.92 (2H, bs);
- N OH Mass (m/z): 420.1 (M+H)", 422.2
USSR (MY
QOOH
o : p COOH
NH,
33 4-Amino-5-chloro-N-{[1-(4- 'H - NMR (5 ppm): 1.41 - 1.55 (4H,

hydroxytetrahydro-2H-pyran-4-ylmethyl)-4-

m), 1.73 - 1.79 (2H, m), 2.66 - 2.69
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hydroxy-4-piperidinyl]methyl}benzofuran-7-

carboxamide L(+)-tartarate

Cl o O OH
NH, :

(2H, m), 2.74 - 2.89 (4H, m), 3.15
(2H, s), 3.26 - 3.38 (4H, m), 3.57 -
3.62 (4H, m), 4.14 (2H, s), 6.49 (2H,
bs), 7.28 - 7.29 (1H, m), 7.65 (1H, s),
7.70 - 7.75 (1H, t), 7.94 - 7.95 (1H,
m);

Mass (m/z): 438.4 (M+H)", 4402
(M+H)".

4-Amino-5-chloro-N-{[3-(4-hydroxy
tetrahydropyran-4-ylmethyl)-3-
azabicyclo[3.1.0]Thex-6-ylJmethyl}-2,3-

dihydrobenzofuran-7-carboxamide

'H - NMR (400 MHz, CDCL3): & 1.35
- 1.40 (1H, m), 1.40 - 1.45 (2H, m),
1.52 - 1.68 (4H, m), 2.42 (2H, 5), 2.62
(2H, d, ] = 8.3 Hz) 3.03 - 3.12 (4H,

- ’ N OH . m)328(2HtJ'—62Hz)370-
O N\/@ 0O 3.80 (4H, m)425(2H bs), 4.80 (2H,
o t,J= 87Hz)737(1H bs)786(1H
Cl )
NH, Mass (m/z): 422.3 (M+H)", 424.1
(M+H)". o

4-Amino-5-chloro-N-{[3-(4- 'H - NMR (8 ppm) 1.35 -.1.65 (7H,
hydroxytetrahydropyran-4-ylmethyl)-3- = | m), 2.50 (2H, s), 2%0 - 2.90 (2H, m),
azabicyclo[3.1.0]hex-6-ylJmethyl}-2,3- 3.03 QH, t,J = 8.7§Hz), 3.12(2H, t,J
dihydrobenzofuran-7-carboxamide oxalate | = 6.1 Hz), 3.55 - 3.68 (6H, m), 4.72
35. | OH (2H, t, J = 8.7 Hz), 5.89 (2H, s), 7.47

o Ev@ﬁ (1H,s),7.57 (1H, bs);
o, COOH Mass (m/z): 422.3 (M+H)+, 424.1

COOH

Cl

(M+H)".

Example 36: Preparation of S-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-

4-yl methyl)-3- azab1cyclo[3 1. O]hex 6-yl] methyl}chroman-8-carboxamide L(+)-

tartarate
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, F
H N
Os_N 0
O OH O
Cl O OH

NH,
Step (i) Preparation of 5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-yl
methyl)-3-azabicyclo[3.1.0]hex-6-yl] methyl}chroman-8-carboxamide

F
. H N
S UShAS
. 8 »
Cl v
NH,

DAST (91.7 mg, 0.57 mmole) was added to a stirred solution of 5-Amino-6-
chloro-N-{ [3 -(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide (100 mg, 0.228 mmole, obtained in the step (i) of
Example 30, in DCM (10 mL) at -40 °C. Then reaction mass temperature was slowly
raised to RT and stirred for overnight at same temperature. The progress of the reaction
was monitored by TLC. After completion of the reaction, the, mass was quenched in
chilled water (10 mL). The mass pH was adjusted to pH ~ 9.5 using aqueous NHj3, the
compound was extracted with DCM (3 x 5 mL). The combined organic phase was washed
with Watcr (5 mL), brine solution (5 mL) and dried over N_aZSO4. The organic phase was
concentrated on rotavacuum to obtain the crude residue, which was further purified by
flash chromatography using TEA:MeOH:CHCl; (0.5:2:97.5) to afford the title compound.
Weight: 64 mg (Yield: 64 %). - |
'H - NMR (8 ppm): 1.12 - 1.21 (2H, m), 1.28 - 1.31 (2H, m), 1.43 - 1.54 (1H, m), 1.55 -
1.65 (2H, m), 1.82 - 1.95 (ZH, m), 2.13 - 2.22 (2H, m), 2.23 - 2.35 (2H, d), 2.42 - 2.49
(lH, m), 2.53 - 2.59 (1H, m), 2.95 - 2.98 (2H, m), 3.08 - 3.12 (2H, t), 3.42 - 3.56 (2H, m),
3.58 -3.60 (2H, m), 4.18 - 4.21 (2H, t), 5.59 (2H, bs ), 7.58 (1H, s), 7.98 - 8.01 (1H, t);
Mass (m/z): 438.5 (M+H)", 440.4 (M+H)".

Step (ii): Preparation of S-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-
ylmethyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}chroman-s-carboxamide L(+)-tartarate
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. A clear solution of L(+)-tartaric acid (20.3 mg, 0.135 mole) in 1 mL MeOH was
added to a stirred solution of 5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-

| ylmethyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl} chroman-8-carboxamide (60 mg, 0.137

mmole, obtained in the above step ) in MeOH (5 mL). The clear mass was stirred further
for 2 hours at RT. The solvent was evaporated to afford solid mass. The solid mass was
further triturated with DEE (2 x 5 mL) and dried under reduced pressure to obtain the
title compound. A

Weight: 70.2 mg (Yield: 87.1 %).

'H - NMR (8 ppm): 1.42 - 1.52 (1H, m), 1.62 - 1.64 (2H, m), 1.69 - 1.73 (1H, m), 1.78 -
1.81 (3H, m), 2.06 - 2.21 (2H, m), 2.54 - 2.57 (2H, t), 2.98 - 3.10 (4H, m), 3.25 - 3.31 (4H,
m), 3.64 - 3.70 (2H, m), 3.76 - 3.79 (2H, m), 4.27 - 4.30 (2H, t), 448(2H s), 7.73 (1H, s);
Mass (m/z): 438.5 (M+H)", 440.4 (M+H)".

Example 37: Preparation of 5-Amino-6-chloro-N-{|3-(2-hydroxy-2-methyl propyl)-3-
azabicyclo[3.1.0]hex-6-yljmethyl}chroman-8-carboxamide L(+)-tartarate |

o KV K
o NN
- OH O
O
HONCH
Cl O OH

Step (i): Preparation of 5-Amino-6- chloro-N-{[3 (2-hydroxy-2-methyl propyl) -3-
azabicyclo[3.1. 0]hex-6-yl]methyl}chroman—8 -carboxamide

‘ OH
o AT
o
Cl
NH,

A solution of 5-amino-6-chloro-N-{[3-azabicyclo[3.1.0]hex-6-ylJmethyl} chroman-
8-carboxamide (0.30 gram, 0.947 mmole, obtained in the preparation 8), isobutyleneoxide
(0.38 grams, 5.33 mmole) and TEA (0.54 grams, 5.33 mmole) in MeOH (15 mL) was
stirred overnight at 75 °C. The progress of the reaction was monitored by TLC. After
completion of the reaction (TLC), the reaction mass was concentrated on rotavacuum to
obtain the crude residue, which was furfher purified by flash chromatography using TEA:
MeOH: CHCl; (0.25:0.75:99) to afford the title'compound.
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Weight: 0.69 grams (Yield: 67 %).
'H - NMR (5 ppm): 1.00 (6H, s), 1.09 - 1.18 (2H, m), 1.21 - 1.34 (2H, m), 1.94 - 1.96 (2H,
m), 2.25 - 2.28 (1H, m), 2.31 - 2.38 (1H, m), 2.44 - 2.49 (2H, m), 3.00 - 3.08 (2H, m),
3.13 - 3.18 (2H, m), 3.38 - 3.49 (1H, m), 3.96 (1H, bs), 4.19 - 4.21 (2H, t), 5.59 (2H, bs),
7.59 (1H,'s), 7.94 - 7.98 (1H, t); '
Mass (m/z): 394.1 (M+H)", 396.2 (M+H)"
Step (ii): Preparation of 5-Amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propy}l)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxémide L(+)-tartarate

A clear.solution of L(+)-tartaric acid (0.155 gram, 1.03 mole) in 2 mL MeOH was
added to a stirred solution of 5-amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxamide (0.42 gram, 1.07 -mmolé,
obtained in the above step ) in MeOH (2 mL) at RT. The clear mass was stirred further for
2 hours at RT. The solvent was evaporated to afford solid mass. The solid mass was
further triturated with DEE (2 x 3 mL) and dried under vacuum to obtain the title
compound. '
Weight: 0.524 gram (Yield: 89 %).
'H - NMR (8 ppm): 1.26 (6H, s), 1.49 - 1.58 (2H, m), 1.78 - 1.88 (2H, m), 2.08 - 2.10 (2H,
m), 2.54 - 2.57 (2H, t), 3.00 - 3.13 (4H, m), 3.31 - 3.48 (3H, m), 4.27 - 429 (2H, t), 442
(QH, s), 7.73 (1H, s); | D
Mass (m/z): 394.0 (M+H)", 396.0 (M+H)".

Example 38: Preparation of 4-Amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl
propyl)-4-piperidinylmethyl}benzofuran-7-carboxamide
OH
N
. EVQ X
F
O
Y/
Cl
NH,

To a clear solution of 4-amino-5-chloro-N-[4-fluoro-(4-
piperidinyl)methyl]benzofuran-7-carboxamide (19.4 gram, 0.0595 mole, obtained in the
preparation 13) in MeOH (600 mL), was added TEA (24.94 mL, 0.178 mole) and
isobutyleneoxide (26.7 mL, 0.297 mole, d = 0.808) at RT. Reaction mixture was heated to

reflux for 7 hours under nitrogen atmosphere and then cooled to RT. The reaction mass
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was concentrated on rotavacuum to obtain the crude residue (28.9 gm), which was further
purified by flash chromatography using methanolic NH3:MeOH:CHCl; (2:3:95) to afford
the title compound in two fractions.

Weight: 20.6 grams (First fraction 18.4 grams and Second fraction 2.2 grams) (Yield: 87
%). |

'H - NMR (8 ppm): 1.05 (6H, s), 1.62 - 1.77 (4H, m), 2.18 (2H, s), 2.34 - 2.39 (2H, m),
2.69 - 2.72 (2H, m), 3.52 - 3.59 (2H, dd), 4.04 (1H, s), 6.49 (2H, bs), 7.26 (1H, d; J = 2
Hz), 7.63 (1H, s), 7.74 - 7.77 (1H, t), 7.95 (1H, d; ] = 1.6 Hz);

Mass (m/z): 398.2 (M+H)", 400.4 (M+H)".

Example 39: Preparation of 4-Amino-5-chloro-/NV-{[4-fluoro-1-(2-hydroxy-2-methyl
propyl)-4-piperidinyljmethyl}benzofuran-7-carboxamide hydrochloride

OH
oA
F
Q HCI
Cl / '
NH, ‘

To a clear solution of 4-amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methy!
propyl)-4-piperidinylJmethyl} benzofuran-7-carboxamide  (19.5 grams, 0.0490 mole,
obtained in the Example 38) in DCM (390 mL) was added ethanolic HCI (19.2 %, 12.06
mL, 0.0637 mole) drop wise at RT. The clear mass was stirred further for 1 hour at RT
under nitrogen atmosphere and the solvent was removed under vacuum to afford solid
mass. The solid mass was triturated with DEE (1 x 400 mL), ether layer decanted and
dried under vacuum to obtain the title compound as HCI salt (21.30 gram). This salt
(21.012 gram) was taken in a separate flask to which ethanol (105 mL, 5 volume/weight)
was added at RT and heated to reflux. At reflux temperature, DM water (12 mL) was
added drop wise to get clear solution. Heating was discontinued and the content was
allowed to cool at its own under stirring. At 45 °C solid formation was observed. It was
cooled further to RT and then to 10 °C. The solid obtained was filtered and dried under
high vacuum. - |
Weight: 16.96 gram (Yield: 80 %). |
'H - NMR (5 ppm): 1.25 (6H, s), 1.94 -2.39 (4H, m), 3.11 - 3.21 (4H, m), 3.56 - 3.74 (4H,
m), 5.28 (1H, s), 6.52 (2H, s), 7.32 (1H, s), 7.65 (1H, s), 7.90 - 7.94 (2H, bs), 9.70 - 9.91
(1H, d); '
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Mass (m/z): 398.4 (M+H)", 400.3 (M+H)".
Example 40: Preparation of 5-Amino-6-chloro-/N-{[1-(2-hydroxy-2-methyl propyl)-4-

piperidinyljmethyl}chroman-8-carboxamide

OH
oML
0]
Cl
NH,

A solution of N-[(piperidin-4-yl) methyl]-S-amiho-6-chloro chroman-8-
carboxamide (0.40 gram, 1.236 mmole, obtainted in the preparation 7), isobutyleneoxide
(0.17 grams, 2.36 mmolé) and TEA (0.24 grams, 2.37 mmole) in MeOH (15 mL) was
stirred overnight at 75 °C. The progress of the reaction was monitored by TLC. After
completion of the reaction (TLC), the reaction mass was concentrated on rota vacuum to
obtain the crude residue, which was‘further purified by flash chromatography using TEA:
MeOH: CHCl; (0.25:0.75:99) to afford the title compound.

Weight; 0.38 grams (Yield: 79.16 %). |

'H - NMR (8 ppm): 1.12 - 1.22 (8H, m), 1.40 - 1.54 (2H, m), 1.65 - 1.73 (2H, m), 1.93 -
1.97 (2H, m), 2.03 - 2.13 (2H, m), 2.44 - 2.49 (2H, t), 2.89 - 3.01 (3H, m), 3.13 - 3.21
(2H, m), 3.97 (1>H, bs), 4.17 -4.20 (2H, t), 5.58 (2H, s), 7.56 (1H, s), 7.92 - 8.00 (1H, m);

Mass (m/z): 396.3 (M+H)", 398.3 (M+H)".

Example 41: Preparation of 5-Amino-6-chloroe-/V-{[1-(2-hydroxy-2-methyl propyl)-4-

piperidinyljmethyl}chroman-8-carboxamide L(+)-tartarate

OH
NS

oy OH O
" OH

Cl O OH
NH,

‘A solution of L‘(+)-tartaric acid (0.04 gram, 0.266 mmole) in MeOH (5 mL) was
added to a Stirred' solution of 5-amino-6-chloro-N-{[1-(2-hydroxy-2-methylpropyl)-4-
piperidinylJmethyl}chroman-8-carboxamide (0.12 gram, 0.303 mmole, obtainted in the
Example 40) in MeOH (10 mL). The clear mass, thus obtained, was stirred further for 2

hours at RT. The solvent was evaporated to afford solid mass. The solid mass was
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triturated with DEE (10 mL) and dried under reduced pressure to obtain the title
compound. : -
Weight: 0.15 gram (Yield: 93.75 %).

'H - NMR (8 ppm): 1.29 - 1.34 (8H, m), 1.65 - 1.71 (2H, m), 1.92 - 1.95 (2H, m), 2.06 -
2.11 v(2H, m), 2.54 - 2.57 (2H, ), 3.14 - 3.22 (2H, m), 3.33 - 3.36 (3H, m), 3.58 - 3.82 (2H,
m), 4.26 - 4.29 (2H, t), 4.48 (2H, s) 7.72 (1H, s); ‘

Mass (m/z): 396.2 (M+H)", 398.3 (M+H)".

Example 42: Preparation of 4-Amin0-5-chloro-N-{[3-(2-hydr0xy-2-methylpropyl)-3-
azabicyclo [3.1.()]hex-6-yl]methyl}-2,3-dihydrobenzofuran-7-carboxamide' oxalate

- OH
i LK
Os N ,

0 COOH
COOH
Cl
NH,

Step (i): Preparation of 4-Amino-S-chloro-/N-{ [3-(2-hydroxy-2-methylpropyl)-3-
azabicyclo[3.1.0] hex-6-yl]methyl}-2,3-dihydrobenzofliran-7-carboxamide

To a stirred solution. of 4-amino-5-chloro-N-{[3-azabicyclo[3.1.0]hex-6-
ylmethyl}-2,3-dihydrobenzofuran-7-carboxamide hydrochloride (160.0 mg, 0.46 mmol;
obtained in the preparation 19), in MeOH (4.6 mL), TEA (0.4 mL, 2.76 mmole) followed
by isobutyleneoxide (0.2 mL, 2.3 mmole) were added. The reaction mixture was stirred for
16 hours at 65 °C and concentrated on rotavacuum to obtain the crude residue, which was
purified by silica gel colufnn chromatography to afford the title compound as gummy

liquid.

- Weight: 160 mg (Yield: 91 %)
~'H - NMR (8 ppm): 1.13 (6H, s), 1.40 - 1.46 (1H, m), 1.55 - 1.70 (2H, m), 2.41 (2H, s),

2.58 2H, d, J = 8.5 Hz), 3.07 2H, t,J = 8.6 Hz), 3.13 (2H, d, ] = 8.8 Hz), 3.28 (2H, t,J =
5.9 Hz), 4.24 (2H, bs), 4.80 (2H, t, J = 8.6 Hz), 7.37 (1H, bs), 7.87 (1H, s);

Mass (m/z): 380.2, 382.2 (M+H)".

Step (ii): Preparation of 4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3-

azabicyclo [3.1.0]hex-6-yl]methyl} 2,3-dihydrobenzofuran-7-carboxamide oxalate

To a stirred solution of 4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}-2,3-dihydrobenzofuran-7-carboxamide (160.0 mg, 0.42

mmole, obtained in the above step) in isopropanol (6.0 mL) at RT, oxalic acid (37.0 mg,
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0.42 mmole) was added. The reaction mass was stirred for 4 hours before the volatiles

were removed under reduced pressure. The crude mass was triturated with solvent ether

several times to obtain the above titled compound as white solid. .
Weight: 160.3 mg (Yield: 89 %)
'H - NMR (8 ppm): 1.11 (6H, s), 1.50 - 1.60 (1H, m), 1.60 - 1.72 (2H, m), 2.85 (2H, s),
3.02 (2H,t,J=8.6 Hz),'3.12 (2H, t, J = 6.1 Hz), 3.20 - 3.50 (4H, m), 4.71-2H, t,J = 8.6
Hz), 5.88 (2H, bs), 7.46 (1H, s), 7.56 (1H, bs); |
Mass (m/z): 380.1, 382.3 (M+H)".
Examples 43 to 54: The compounds of Examples 43 to 54 were prepared by following

the experimental procedure as described in the Examples 36 to 42 given above, with some

noncritical variations.

Example Chemical name and Characterization data
Number Structure
’ 5-Amino-6-chloro-N-{[4-fluoro-1-(2- 'H - NMR (8 ppm): 1.05 (6H, s), 1.58 -
hydroxy-2-methyl prbpyl)-4-_ 1.73 (4H, m), 1.94 - 1.97 (2H, m), 2.18
piperidinyl]methyl}chroman-8- (2H, s), 2.33 - 2.38 (2H, t), 2.44 - 2.49
carboxamide (2H, m), 2.67 - 2.70 (2H, m), 3.34 -
OH i

43, EVQ% 3.52 (2H, m), 4.03 (1H, s), 4.19 - 4.21

O I (2H, 1), 5.64 (2H, s), 7.60 (1H, s), 7.98
o)
_ -8.01 (1H, t);
cl & Mass (m/z): 4142 (M+H)", 416.2
2
(M+H)".

~ 5-Amino-6-chloro-N-{[4-fluoro-1-(2- 'H - NMR (8 ppm): 1.32 (6H, s), 2.03 -
hydroxy-2-methyl propyl)-4- 2.14 (6H, m), 2.54 - 2.58 (2H, t), 3.04
piperidinyljmethyl } chroman-8- (2H, s), 3.19 - 3.27 (2H, m), 3.45 - 3.48
carboxamide L(+)-tartarate (2H, m), 3.66 - 3.71 (2H, m), 4.27 -

44. ' | " N%OH 4.30 (2H, 1), 4.41 (2H, ), 7.75 (1H, s);
O N Mass (m/z): 4143 (M+H)", 4163

F .
S 1o OH O (M-+H)* .
H OH
Cl O OH
NH,
» 5-Amino-6-bromo-N-{[1-(2-hydroxy-2- | 'H - NMR (8 ppm): 1.02 (6H, s), 1.10 - |
45. '

methyl propyl)-4-

1.19 (2H, m), 1.30 - 1.38 (1H, m), 1.49
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piperidinyl]methyl} chroman-8-

carboxamide

‘H
Os_N
@)
Br .
NH,

- 1.51 (2H, m), 1.91 - 1.97 (2H, m),
2.00 - 2.11 (2H, 1), 2.42 - 2.46 (2H, m),
2.69 (2H, s), 2.81 - 2.87 (2H, m)‘, 3.08 -
3.11 (2H, t) 3.95 (1H, s), 4.15 - 4.17
(2H, t), 5.47 (2H, bs), 7.69 (1H, s), 7.87
- 7.89 (1H, t); _
Mass (m/z): 440.1 (M+H)', 442.1
(M+H)".

5-Amino-6-bromo-N-{[1-(2-hydroxy-2-
methyl propyl)-4-
piperidinylJmethyl}chroman-8-

carboxamide L(+)-tartarate

"H - NMR (5 ppm): 1.31 (6H, s), 1.62 -
1.71 (2H, m), 1.82 - 1.98 (3H, m), 2.06
-2.12 (2H, m), 2.55 - 2.58 (2H, 1), 2.86
(1H, s), 3.00 (1H, s), 3.03 - 3.18 (41,

46. o VG\,%QH m), 3.53 - 3.72 (2H, m), 4.27 - 4.29
Oy N : (2H, t), 441 (2H, s), 7.88 (1H, s), 8.34
-0 OH O - 8.36 (1H, 1);
HOWJ\OH .
Br o OH v Mass (m/z): 440.2 (M+H), 442.2
. NH2 (M+H)+
5-Amino-6-bromo-N-{[4-fluoro-1-(2- 'H - NMR (8 ppm): 1.05 (6H, s), 1.63 -
hydroxy-2-methyl propyl)-4- 1.68 (4H, m), 1.95 - 1.97 (2H, m), 2.18
piperidinyl]methyl}chroman-8- (2H, s), 2.33 - 2.36 (2H, m), 2.45 - 2.49
carboxamide (2H, m), 2.68 - 2.75 (2H, m), 3.45 -
47. ’ VO/XOH 3.52 (2H, m), 4.04 (1H, bs), 4.19 - 4.21
O N (2H, 1), 5.57 (2H, bs), 7.76 (1H, s), 7.98
F
0 -8.00 (1H, t); |
B N Mass (m/z): 458.2 (M+H), 460.2
- NH, (M+H)".
5-Amino-6-bromo-N-{[4-fluoro-1-(2- 'H - NMR (8 ppm): 1.32 (6H, s),b2.03 -
hydroxy-2-methyl propyl)-4- 2.17 (6H, m), 2.55 - 2.58 (2H, t), 3.05
I8 piperidinyljmethyl}chroman-8- (2H, s), 3.13 - 3.25 (2H, m), 3.47 - 3.48

carboxamide L(+)-tartarate

(2H, m), 3.66 - 3.71 (2H, m), 4.27 -
430 (2H, 1), 4.42 (2H, 5), 7.91 (1H, s);
Mass (m/z): 4582 (M+H)', 460.2
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(M+H)".

4-Amino-5-chloro-N-{[1-(2-hydroxy-2-
methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-

carboxamide L(+)-tartarate

'H - NMR (8 ppm): 1.12 (6H, s), 1.37 -
1.39 (2H, m), 1.66 - 1.69 (3H, m), 2.49
- 2.54 (2H, m), 3.15 - 3.19 (4H, m),
3.20 - 3.23 (3H, m), 4.0 (2H, s), 6.43

OH
L OFK
o i)

0 OH_ O

p HO OH

Cl . O OH
NH,

- 49, OH 2H 25-72 d,J=1.
H\/@% (2H, bs), 725 - 7.26 (1H, d, J 198
OxN | Hz), 7.58 (1H, s), 7.80 - 7.8.3 (1H, 1),
0 - OH O 7.91 -7.92 (1H, d; J = 1.96 Hz);
7 OH | Mass (m/z): 380.2 (M+H)', 3823
cl O OH S S
| NH; (M+H)".
4-Amino-5-chloro-N-{[4-fluoro-1-(2- 'H - NMR (8 ppm): 1.06 (6H, s), 1.72 -
hydroxy-2-methyl propyl)-4- 1.76 (4H, m), 2.35 (2H, s), 2.50 - 2.51
piperidinyl]methyl}benzofuran-7- (2H, m), 2.83 - 2.89 (2H, m), 3.13 (1H,
carboxamide L(+)-tartarate s), 3.52 - 3.58 (2H, m), 4.16 (2H, s),
50. OH 6.47 (2H, bs), 7.24 (1H, d; J = 2.02
H\/¥i:yfj7< ( ) ( ,
OxN Hz), 7.61 (1H, s), 7.75 - 7.78 (1H, 1),
F
o OH O 7.92 - 7.93 (1H, d; J = 2.00 Hz);
/ HO OH +
Cl rr, Mass (m/z): 398.2 (M+H)", 400.4
- NH, (M+H)".
4-Amino-5-chloro-N-{[3-(2-hydroxy-2- | 'H - NMR (8 ppm): 1.03 (6H, s), 1.40
methyl propyl)-3-azabicyclo[3.1.0]hex-6- | (2H, s), 2.41 - 2.45 (2H, m), 2.56 - 2.59
yl]lmethyl}benzofuran-7-carboxamide (2H, m), 3.09 - 3.15 (4H, m), 3.34 -
51 L(+)-tartarate 3.39 (2H, m), 4.18 (2H, s), 6.43 (2H,

bs), 7.25 (1H, m), 7.60 (1H, s), 7.84 -
7.85 (1H, t), 7.92 - 7.93 (1H, m);

Mass (m/z); 378.2 (M+H)", 380.2
(M+H)".
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4-Amino-5-chloro-2-methyl-N-{[1-(2-
hydroxy-2-methyl propyl)-4-
piperidinyljmethyl}benzofuran-7-

carboxamide L(+)-tartarate

'H - NMR (8 ppm): 1.33 (6H, s), 1.70 -
1.76 (2H, m), 1.96 - 1.99 (3H, m), 2.50
(3H, ), 3.10 - 3.16 (4H, m), 3.44 - 3.45
(2H, m), 3.64 - 3.72 (2H, m), 4.39 (2H,

52. , " VOXOH s), 6.67 (1H, m), 7.66 (1H, s); -
O N ‘Mass (m/z): 3942 (M+H)', 396.1
EE[O: Hom)':/ﬁ (M+H)".
Y OH :
cl O OH
NH,
4-Amino-5-chloro-2-methyl-N-{[4-fluoro- | '"H - NMR (5 ppm): 1.09 (6H, s), 1.75 -
1-(2-hydfoxy-2-methyl propyl)-4- 1.88 (4H, m), 2.40 (2H, s), 2.43 (3H, s),
piperidinyl]methyl}benzofuran-7- 2.53 - 2.56 (2H, m), 2.87 - 2.91 (2H,
- carboxamide L(+)¥tartarate m), 3.15 (1H, s), 3.54 - 3.60 (2H, r;}),
53. HVQXOH 4.20 (2H, s), 6.33 (2H, bs), 6.85 (IH,
Ox-N 1 ~ |9),7.54(1H, s), 7.75 - 7.78 (1H, t);
/&C}L HOTHO\HK?L Mass (m/z): 412.2 (M+H)', 414.1
cl Lo ey
NH,
4-Amino-5-chloro-2-methyl-N-{[3-(2- 'H - NMR (8 ppm): 1.00 (6H, s), 1.32:'-
hydroxy-2-methyl propyl)-3- 1.38 (3H, m), 2.25 (2H, s), 2.33 - 2.?5
azabicyclo[3.1.0]hex-6- (2H, m), 2.44 (3H, s), 3.02 - 3.04 (2?1,
ylJmethyl}benzofuran-7-carboxamide m), 3.13 - 3.16 (2H, m), 3.96 (1H, s),
54, 6.27 (2H, bs), 6.83 (1H, s), 7.50 (1H,

OH
o M

O
Ve

NH,

s), 7.77 - 7.80 (1H, t);
Mass (m/z): 3922 (M+H)", 394.2
(M+H)".

Example 55: Preparation df 5-Amino-6-chloro-N-{[1-(2-fluoro-2-methyl propyl)-4-

piperidinyljmethyl}chroman-8-carboxamide
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o

NH,
DAST (0.15 grams, 0.924 mmole) was added to a stirred solution of 5-amino-6-
chloro-N-{] 1 -(2-hydroxy-2-methyl propyl)-4-piperidinylJmethyl}chroman-8-carboxamide
(0.30 gram, 0.947 mmole, obtained in the Example 40) in DCM (10 mL) at -30 °C. Then

reaction mass temperature was slowly raised to RT and stirred for overnight at same

~ temperature. The progress of the reaction was monitored by TLC. The mass was quenched

in chilled water (10 mL). The mass pH was adjusted to pH ~ 9.5 using aqueous NH3, the
compound was extracted with DCM (3 x 5 mL). The combined organic phase was washed
with water (5 mL), brine solution (5 mL) and dried over Na,SO,4. The organic phase was.
concentrated under vacuum to obtain the crude residue, which was further purified by
flash chromatography using TEA: MeOH: CHCl; (0.5:2:97.5) to afford the title
compound. o

Weight: 0.052 gram (Yield: 52 %). . |
'H - NMR (8 ppm): 1.27 - 1.33 (6H, m), 1.35 - 1.46 (4H, m), 1.82 - 1.92 (2H, m), 2.06 -
2.12 (3H, m), 2.54 - 2.57 (2H, t), 3.18 - 3.26 (6H, m), 4.26 - 4.29 (2H, t), 4.59 (2H, bs),
7.72 (1H, s), 8.33 - 8.37 (1H, t); Mass (m/z): 398.3 (M+H)", 400.3 (M+H)". _
Examples 56 to 57: The compounds of Examples 56 to 57 were prepared by following
the experimental p‘che’dure as described in the Example 55 given above, with some

noncritical variations.

‘EXample Chemical name and

Number Structure Characterization data

methyl propyl)-4-fluoro-4- 1.58 - 1.69 (4H, m), 1.94 - 1.97 (2H, rh),
piperidinyl]Jmethyl}chroman-8- 2.33 - 2.36 (2H, m), 2.39 (2H, s), 2.45 -
carboxamide | 2.49 (2H, m), 2.62 - 2.67 (2H, m), 3.46 -

56.

Mass (m/z): 4163 (M+H)",
(M+H)".

-82.-

5-Amino-6-chloro-N-{[1-(2-fluoro-2- 'H - NMR (8 ppm): 1.25 - 1.31 (6H, m),

3.53 (2H, m), 4.19 - 4.21 (2H, 1), 5.65
(2H, bs), 7.60 (1H, s), 7.99 - 8.02 (1H, t);
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H
0N
o F
ol
NH,

N/XF

5-Amino-6-chloro-N-{[1

57..

Cl

NH,

-(2-fluoro-2-
methyl propyl)-4-fluoro-4- |
piperidinyl]methyl}chroman-8-

carboxamide L(+)-tartarate

'H - NMR (8 ppm): 1.40 - 1.45 (6H, m),
1.86 - 1.99 (4H, m), 2.07 - 2.13 (2H, m),
2.54 - 2.58 (2H, t), 2.85 - 2.97 (4H, m),
3.08 - 3.13 (2H, m), 3.58 - 3.62 (2H, m),
432 - 435 (2H, 1), 4.47 (2H, s), 7.75 (1H,
s); .

Mass (m/z): 4162 (M+H)', 4183
(M+H)". | |

- Example 58: Preparation of 5-Amino-6-chloro-N-{[3-(3-hydroxy-2,2-dimethyl

propyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxamide L(+)-tartarate

0

Cl
) NH2

i V@%QH

OH O

-
HONOH
0 OH

Step (i): Preparation of S-Amino-6-chloro-N-{[3-(3-hydroxy-2,2-dimethylpropyl)-3-

' azabicyclo[3.'1.0]hex-6-yl]méthyl}chroman-8-carboxamide

H N
oM
, 0
cl
| NH,

Ko

A solution of 5-Amino-6-chloro-N-{[3-azabicyclo[3.1.0]hex-6-yl] methyl}

chroman-8-carboxamide (0.30 gram, 0.947'mmole, obtained in the preparation 8), 3-

bromo-2,2-dimethyl propan-1-ol (0.047 grams, 0.376 mmole), K,CO; (0.086 grams, 0.623

mmole) and potassium iodide (0.086 grams, 0.623 mmole) in acetonitrile (15 mL) was

stirred overnight at 85 °C. The reaction mass was concentrated and the obtained slurry was
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quenched in water (30 mL) and the compound was extracted with DCM (3 x 15 mL). The
combined organic phase was washed with water (15 mL), brine solution (15 mL) and dried
over Na,SO4. The ofganic phase was concentrated on rotavacuum to obtain the crude
residue, which was further purified by flash chromatography using TEA: MeOH: CHCI3
(1:3:96) to afford the title compound.

- Weight: 0.07 grams (Yield: 62 %).

'H - NMR (8 ppm): 0.72 (6H, s), 1.22 - 1.32 (4H, s), 1.94 - 1.98 ‘(2H, m), 2.23 - 2.25 (1H,
m), 2.40 - 2.49 (4H, m), 2.94 - 2.98 (2H, m), 3.06 - 3.12 (4H, m), 4.18 - 4.21 (2H, t), 4.39
-4.52 (1H, m), 5.57 (2H, bs), 7.59 (1H, s), 7.97 - 8.00 (1H, t); |
Mass (m/z): 408.2 (M+H)", 410.2 (M+H)".
Step (ii): Preparation of 5-Amino-6-chloro-N-{|3-(3-hydroxy-2,2-dimethyl propyl)-3-
azabicyclo[3;1.0]hex-6-yl]methyl}chroman-8-carboxamide L(+)-tartarate

A clear solution of L(+)-tartaric acid (0.155 gram, 1.03 mole) in 2 rﬁL MeOH was
added to a stirred solution of 5-Amino-6-chloro-N-{ [3-(3 -hydroxy-2,2-dimethyl propyl)-3-
azabicyclo[3.1.0]hex-6-yl] methyl} chroman-8-carboxamide (0.42 gram, 1.07 mmole,
obtained in the above step ) in MeOH (2 mL) at RT. The clear mass was stirred further for
2 hours at RT. The solvent was evaporated to afford solid mass. The solid mass was
further triturated with DEE (2 x 3 mL) and dried under vacuum to obtain the title
compound.
Weight: 0.524 gram (Yield: 89 %).
'H - NMR (8 ppm): 0.93 (6H, s), 1.18 - 1.38 (2H, m), 1.82 - 1.84 (2H, m), 2.06 - 2.12 (3H,
m), 2.54 - 2.57 (3H, m), 3.06 - 3.15 (3H, m), 3.33 - 3.54 (4H, m), 4.27 - 4.29 (2H, t), 4.41
(2H, s), 7.73 (1H, s); |
Mass (m/z): 408.2 (M+H)", 410.2 (M+H)".

Examples 59: The compound of Example 59 was prepared by following the experimental

- procedure as described in the Example 58 given above, with some noncritical variations.

Example Chemical name and

Characterization data

Number Structure
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59.

4-Amino-5-chloro-2-methyl-N-{[1-(3-
hydroxy-2,2-dimethyl propyl)-4-

piperidinylJmethyl } benzofuran-7-carboxamide

o)
Y/
Cl
NH,

"H - NMR (8 ppm): 1.22 (6H, s), 1.32
- 1.57 3H, m), 2.01 - 2.18 (3H, m),
243 (3H, s), 2.72 - 2.88 (H, m),
3.14 - 2.18 (4H, m), 3.85 (2H, s),
4.64 - 4.66 (2H, t), 625 (2H, bs),
6.82 (1H, s), 7.48 (1H, s), 7.68 - 7.70
(1H, t);

Mass (m/z): 4082 (M+H)", 410.3
(M+H)".

10

15

Example 60: Preparation of 5-Amino-6-chloro-N-{[3-(3-methoxy-2,2-dimethyl

propyl)-3-azabicyclo|[3. 1.0]hex-6-yl]methyl}chroman-8-carboxamide

cl
NH,

A solution of 5-amino-6-chloro-N-{[3-azabicyclo[3.1.0]hex-6-ylJmethyl}chroman-

- 8-carboxamide (0.15 gram, 0.466 mmole, obtained in the preparation 8), 3-methoxy-2,2-

dimethyl propyl toluene-4-sulfonate (0.25 grams, 0.919 mmole), cesium carbonate (0.30

grams, 0.920 mmole) and potassium iodide (0.15 grarhs, 0.903 mmole) in DMF (5 mL)

was stirred for 24 hours at 120 °C. The reaction mass was cooled to RT and quenched onto

chilled water (10 mL). The product was extracted with EtOAc (3 x 5 mL), the organic

“extracts were washed with water (5 mL), brine solution (5§ mL) and dried over sodium

“sulfate. The organic phase was concentrated on rotavacuum to obtain the crude residue,

which was further purified by flash chromatography using TEA: MeOH:chloroform
(CHC13)‘ (0.5:2:97.5) to afford the title compound.
Weight: 0.011 grams (Yield: 5.59 %).

'H - NMR (8 ppm): 0.74 (6H, s), 1.22 - 1.28 (2H, m), 1.94 - 1.96 (2H, m), 2.20 (2H, s),
2.39 - 2.49 (3H, m), 2.71 (1H, s), 2.87 - 2.90 (3H, m), 2.96 (2H, s), 3.06 - 3.10 (2H, 1),
3.32 (3H, s),4.18 - 4.21 (2H, m), 5.59 (2H, s), 7.58 (1H, s), 7.97 - 8.00 (1H, t);

Mass (m/z): 422.3 (M+H)", 424.3 (M+H)". '
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Example 61: Preparation of 5-Amino-6-chloro-/V-{[4-fluoro-1-(3-methoxy propyl)-4-
piperidinyl]methyl}chroman-8-carboxamide '
. N "0
|
Ox N
0 F

Cl
NH,

A vsovlution of 5-amino-6-chloro-N-[(4-fluoro-4-piperidinyl)methyl]chroman-8-

~ carboxamide (0.05 grams, 0.141 mmole, obtained in the preparation 9), 1-bromo-3-

methoxypropane (0.03 grams, 196 mmole) énd K,CO3 (0.065 grams,b 0.471 mmole) in

acetonitrile (5 mL) was stirred for 6 hours at 85 °C, while monitoring the progress of the

reaction by TLC. The reaction mass was quenched into chilled water (5 mL). The

compound was extracted with EtOAc (3 x 5 mL), the extract was washed with water (5
mL), brine solution (5 mL) and dried over Na,SO4. The organic phase was concentrated
on rotavacuum ‘to obtain the crude residue, which was further purified by flash

chromatography using TEA: MeOH: CHCI3 (0.5:2:97.5) to afford the title compound.

Weight: 0.03 gram (Yield: 55 %).

'H - NMR (8 ppm): 1.15 - 1.26 (7H, m), 1.58 - 1.63 (3H, m), 1.85 - 1.93 (4H, m), 2.25 -
227 (1H, m), 2.38 - 2.42 (2H, 1), 2.58 - 2.69 (1H, m), 3.16 - 3.20 (2H, m), 3.29 (3H, s),

14.05-4.07 2H, 1), 5.72 (2H, bs), 7.12 - 7.23 (1H, 1), 7.42 (1H, s);

Mass (m/z): 414.3 (M+H)", 416.3 (M+H)".

Example 62: Preparation of 4-Amin0-5-chloro-N-{[3-(3-methoxypropyl)-3-azabicyclo
[3.1.0]hex-6-yl] methyl}-2,3-dihydr0ben'zofuran-7-carborxamide oxalate

) " N/\/\O/
Os_N

cl
NH,

Step (i): Preparaﬁon of 4-Amino-5-chloro-N-{[3-(3-methoxypropyl)-3-
azabicyclo[3.1.0] hex-6-yl]methyl}-2~,3-dihydrobenzofuran-7-carboxamide
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. NN
Os N

0]
Cl
NH,

To a stirred solution of 4-amino-5-chloro-N-{[3-azabicyclo[3.1.0]hex-6-
ylJmethyl}-2,3-dihydrobenzofuran-7-carboxamide hydrochloride (80.0 mg, 0.23 mmole,
obtained in the preparation'19) in dry DMF (1.0 mL) at RT, K,CO; (80.0 mg, 0.58 mmole)
followed by 1-bromo-3-methoxypropane (0.03 mL, 0.276 mmole) was added. The
reaction mass was gradually heated to 80 °C and Was stirred for 16 hours at this
temperature. The reaction mass after cooling to RT was diluted with water and EtOAc..
The two layers were separated; the organic layer was dried over anhydrbus Na;SO4 ‘and
the solvent was removed under reduced pressure. The crude product obtained was purified
by silica gel column chromatography to obtain the title compound :
Weight: 55.0 mg (Yield: 62 %) .

'H - NMR (8 ppm): 1.35 - 1.45 (1H, m), 1.55 - 1.65 (4H, m), 1.70 - 1.81 (2H, m), 2.25 -
2.42 (2H, m), 2.45 - 2.60 (2H, m), 3.07 (2H, t, J = 8.6 Hz), 3.28 (2H, t, ] = 6.0 Hz), 3.31
(3H, s), 3.38 (2H, t, ] = 6.2 Hz), 4.23 (2H, bs), 4.79 (2H, t, J = 8.6 Hz), 7.38 (1H, bs), 7.86
( 1H, s); '
Mass (m/z): 380.1, 382.2 (M+H)".
Step (ii): Preparation of 4-Amino-5-chloro-V-{[3-(3-methoxypropyl)-3-
azabicyclo[3.1.0] hex-6-yl]methyl}-2,3-dihydrobenzofuran-7—carb0xamide oxalate

‘ To a stirred solution of 4-amino-5-chloro-N-{[3-(3-methoxypropyl)-3-azabicyclo
[3.1.0]hex-6-yl]mcthy1}—2,3-dihydrobenzoﬂlran-7-carboxamide (55.0 mg, 0.144 mmole,
obtained in the above step) in isopropanol (2.0 mL) at RT, oxalic acid (12.0 mg, 0.144
mmole) was added. The reaction mass was stirred for 16 hours before the volatiles were
removed under reduced pressure. The crude mass was triturated with ether to obtain the
title compound. |
Weight: 53.5 mg (Yield: 78 %).

~ 'H - NMR (& ppm): 1.30 - 1.45 (1H, m), 1.65 - 1.86 (4H, m), 2.95 - 3.10 (4H, m), 3.15 -

3.20 (2H, m), 3.19 (3H, s), 3.25 - 3.40 (2H, m), 3.50 - 3.70 (2H, m), 4.70 2H, t, = 8.4
Hz), 5.89 (2H, bs), 7.45 (1H, s), 7.58 (1H, bs);
Mass (m/z): 380.2, 382.3 (M+H)".

N
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- Examples 63 to 65: The compounds of Examples 63 to 65 were prepared by following

the experimental procedure as described in the Example 61 to 62 given above, with some

noncritical variations.

Br

Example Chemical name and Characterization data
Number Structure :
' 4-Amino-5-chloro-N-{[3-(3-methoxy | 'H - NMR (8 ppm): 1.55 - 1.61 (1H, m),
propyl)-3-azabicyclo[3.1.0]hex-6- 1.78 - 1.86 (4H, m), 1.91 - 1.97 (2H, m),
ylJmethyl} benzofuran-7-carboxamide | 3.04 - 3.10 (6H, m), 3.21 (3H, s), 3.57 -
hydrochloride 3.61 (2H, m), 6.48 (2H, bs), 7.28 (1H, d, J =
63. " \/©/\/\O/ 1.82 Hz), 7.61 (1H, s), 7.92 - 7.93 (1H, d, J
Ox-N ' = 1.74 Hz), 7.97 - 8.00 (1H, t), 9.85 (1H,
O, HCI bs); |
Cl / Mass (m/z): 378.1 (M+H)", 380.1 (M+H)".
NH2 ]
4-Amino-5-chloro-2-methyl-N-{[3-(3- | '"H - NMR (& ppm): 1.56 - 1.57 (1H, m),
methoxy propyl)-3- 1.78 - 1.88 (4H, m), 2.46 (3H, s), 3.07 -
azabicyclo[3.1.0]hex-6- 3.11 (2H, m), 3.21 (3H, s), 3.22 - 3.28 (4H,
yl]methyl}beanfuran-7-carboxamide m), 3.32 - 3.35 (2H, m), 3.57 - 3.61 (2H,
64. hydrochloride m), 6.30 (2H, bs), 6.85 (1H, s), 7.51 (1H, s),
H \/©/\/\O/ 7.91 - 7.94 (1H, 1), 9.87 (1H, bs);
Os_N
Mass (m/z): 392.2 (M+H)", 394.1 (M+H)".
O HCI ’
Y/
Cl
NH,
4-Amino-5-bromo-N-{[3-(3- 'H - NMR (8 ppm): 1.28 - 1.38 (1H, m),
methoxypropyl)-3- 1.50 - 1.62 (2H, m), 1.62 - 1.75 (2H, m),
azabicyclo[3.1.0]hex-6-yl]methyl}- | 2.70 - 2.90 (4H, m), 3.03 (2H, t, J = 8.7 Hz),
2,3-dihydrobenzofuran-7-carboxamide | 3.11 (2H, t, J = 6.1 Hz), 3.18 (3H, s), 3.20 -
65 oxalate 3.29 (2H, m), 3.29 (2H, t, J = 6.0 Hz), 4.70
| Hﬁ/\/\O/ (2H, t, J = 8.7 Hz), 5.81 (2H, bs), 7.54 (1H,
Oy N bs), 7.61 (1H, s);
O, COOH Mass (m/z): 424.0 (M+H)", 426.0 (M+H)".
COOH
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Example 66: Preparation of 5-Amino-6-chloro-N-{[1-(2-fluoroethyl)-4-

piperidinyl]methyl} chroman-8-carboxamide

/\/F
H N
0. N\/Q ’
O.
Cl
NH,

Step (i): Preparation of S-Amino-6-chloro-N-{[1-(2-hydroxy ethyl)-4-

piperidinyljmethyl}chroman-8-carboxamide

S

A solution of 5-amlno-6-chloro-N—(4-piperidinylmethyl)chroman—8-carboxamide

(0.1 grams, 0.313 mmole, obtained in the preparation 7), bromoethanol (0.047 grams,
0.376 mmole) and potassium carbonate (0.086 grams, 0.623 mmole) in acetonitrile (15
mL) was: stirred overnight at 85 °C. After compl.etion of the reaction (TLC), the reaction
mass was concentrated, the slurry obtained was quehched ‘in water (30 mL) and the
compound was extracted with DCM (3 x 15 mL). The combined organic phase was
washed with water (15 mL), brine solution (15 mL) and dried over Na,SO4. The organic
phase was concentrated under vacuum to obtain the crude residue, which was further
purified by flash chromatography using TEA:MeOH:CHCl; (1:3:96) to afford the title
compound.
Weight: 0.07 grams (Yield: 62 %).
'H - NMR (6 ppm): 1.52 - 1.58 (2H, m), 1.88 - 1.96 (4H, m), 2.06 - 2.11 (2H, m), 2.54 -
2.57 2H, t),2.71 - 2.86 (3H, m), 3.08 - 3.18 (2H, m), 3.47 - 3.50 (2H, m), 3.82 - 3.84 (2H,
t),4.26 - 4.29 (2H, 1), 7.72 (1H, s);
Mass (m/z): 368.3 (M+H)", 370.3 (M+H)".
Step (ii): Preparation of S-Amino-6-chloro-N-{[1-(2-fluoro ethyl)-4-
piperidinyljmethyl}chroman-8- _carboxamide

DAST (0.072 grams, 0.448 mmole) was added to a stirred solution of 5-amino-6-
chloro-N-{[1 -(2-hydroxyethyl)-4-p1per1d1ny1]methyl } chroman-8-carboxamide (0.07
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grams, 0.179 mmole, obtained in the above step) in DCM (5 mL) at - 30 °C. The reaction
mass temperature was slowly raised to RT and stirred overnight at same temperature. The
reaction mass was quenched in chilled water (10 mL). The pH was adjusted to ~ 9.5 using
aqueous NHj; and the compound was extracted with DCM (3 x 5 mL). The combined
organic phase was washed with water (5 mL), brine éolution (5 mL) and dried ovef
Na,SO4. The organic phase was concentrated on rotavacuum to obtain the crude residue,
which was further puriﬁed by flash chromatography using TEA:MeOH:CHCls
(0.5:2:97.5) to afford the title compound. -

Weight: 0.014 grams (Yield: 20 %).

'H - NMR (& ppm): 2.04 - 2.15 (3H, m), 2.51 - 2.54 (2H, 1), 2.71 -.2.78 (2H, m), 3.02 -
3.05 (2H, m), 3.31 - 3.34 (2H, 1), 3.64 - 3.72 (4H, m), 4.25 - 4.28 (4H, m), 4.54 - 4.56 (1H,
t), 4.66 - 4.68 (1H, t), 7.87 - 7.91 (1H, t), 8.02 (1H, s); '

Mass (m/z): 370.3 (M+H)", 372.3 (M+H)".

“Biological Assays

Example 67: Determination of ECs values for 5-HT4 receptor
A stable CHO cell line expressihg recombinant human 5-HT4 receptor and pCRE-
Luc reporter system was used for cell-based assay. The assay offers a non-radioactive

based approach to determine binding of a compound to GPCRs. In this specific assay, the

- level of intracellular cyclic AMP, which is modulated by activation, or inhibition of the

reéeptor is measured. The recombinant cells harbor luciferase reporter gene under the
control of cAMP response element. ' ' |

The above cells were grown in 96 well clear bottom white plates in Hams F12
medium containing 10 % fetal bovine serum (FBS). Prior to the addition of compounds or
standard agonist, cells were serum starved overnight. Increasing concenffations of test
compounds were added in OptiMEM medium to the cells. The incubation was continued
at 37 °C in CO; incubator for 4 hours. Medium was removed and cells were washed with
phosphate buffered saline. The cells were lysed and luciferase activity was‘ measured in a
Luminometer. Luminescence units were plotted against the compound concentrationé
using Graphpad software. ECsg values of the corripounds were defined as the cpnceﬁtration
required in stimulating the luciferase activity by 50 %.

Using this protocol, compounds described herein were found to exhibit binding
affinity towards 5-HT, receptor. For instance, examples 1, 3, 4, 8, 9, 36, 40, 46, 52, 55, 58,

59, and 60 as described herein, exhibited 5-HT4 receptor agonistic bindihg in-vitro ECsg

-9 -



10

15

20 .

25

WO 2016/128990 PCT/IN2016/000008

values of less than or equal to 1 nM; examples 6, 10, 12, 18, 22, 26, 30, 35, 37, 43, 44, 49,
60, 62, 64 and 66 as described herein, exhibited 5-HT,4 receptor agonistic binding in-vitro
EC50 values between 1.1 nM to 5 nM; examples 13, 17, 20, 24, 28, 32, 38, 39, 42, 50, 54,
57 and 63 as described herein, exhibited 5-HT4 receptor agonistic binding in-vitro ECsg
values between 5.1 nM to 10 nM; examples 7, 15, 29, 41, 51, 53 and 65 as described
herein, exhibited 5¥HT4 receptor agonistic binding in-vitro ECsy values between 10.1 nM
to 20 nM. |

Example 68: Rodent Pharmacokinetic Study

Male wistar rats (225 + 25 grams) were used as experimental animals. Three to
five animals were housed in each cage. Two days prior to dosing day, male wistar rats
(225 - 250 grams) were anesthetized with isoflurane for surgical placement of jugular vein
catheter. Animals were fasted overnight before oral dosing (p.o) and food pelléts were
allowed 2 hours post dosing, whereas during intravenous dosing food and water were
provided as ad libitum. Three rats were dosed with test compounds (3 mg/kg) orally and
intravenously (1 mg/kg). ' :

At each time point blood was collected through jugular vein and immediately
replenish with an equivalent volume of normal saline from freely moving rats. Collected
blood was transferred into a labeled eppendr off containing 10#uL of heparin as
anticoagulant. Typically blood samples were collected as following time points: Pre dose,

0.08 (only iv.), 0.25, 0.5, 1, 2, 4, 6, 8, and 24 hours post dose: (n=3). Blood was

centrifuged at 4000 rpm for VIO minutes. Plasma was prepared and stored frozen at -20 °C-
until analysis. The concentrations of the test compounds were quantified in plasma by _

qualified LC-MS/MS method using suitable extraction technique. The test compounds

were quantified in the calibration range around 2-2000 ng/mL in plasma. Study samples
were analyzed using calibration samples in the batch and quality control samples spread
across the batch.

Pharmacokinetic parameters Cpax, Tmax, AUC:, Tin and Bioavailability wére
calculated by non-compartmental model using standard non-compartmental model by

using WinNonLin 5.0.1 or Phoenix WinNonlin 6.2 version Software package.

Example Dose Route of Crax T max AUCy., Tin

Vehicle

Number | (mg/kg) administration | (ng/mL) (h) (ng.hr/mL) (h)

Bioavai
lability |
(%)

3.

Reagent 0.42 £ 1.6 £
+ .
3 grade oral (gavage) | 131 £35 0324 +£105 0.1

0.14

68 £22
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Water
Water for intravenous 1.9+
I injection (bolus) i ) 158+7 0.6
Reagent
3 . grade oral (gavage) | 110+25 06313 4i 176 £ 10 1633:& 2541
44, Water - .
Water for intravenous 1.5+
1 injection (bolus) : e ) 232+ 14 0.6
Reagent 031+ 10+ -
3 grade oral (gavage) 167+20 | 0.13 224 + 33 0 1
48. Water : ' ] 35+£5
Water for intravenous 1.5+
! injection _(bolus) i 211 +41 0.4
Reagent ' 0.25 154
3 .grade oral (gavage) | 230+ 56 + 346+ 71 0 )
50. Water 0.00 ) 63+ 13
Water for intravenous : : 12+
! injection - (bolus) i j 182 37 0.3
Reagent
3 grade “oral (gavage) 182 +26 0(')313 4i 250 + 87 1(')6;
53. ‘ Water T L ’ 27+ 20
. Water for |  intravenous -1 08=
! injection (bolus) B ) 1717 .1 4
Example 69: Rodent Brain Penetration Study
Male Wistar rats (225 + 25 grams) were used as experimental ar’;jmals. Three
animals were housed in each cage. Animals were given water and food ad libitum
5  throughout the experiment and maintained on a 12 hours light/dark cycle. |
Brain penetration was determined in discrete manner in rats. One“day prior to
dosing day, male wistar rats (225 - 250 grams) were acclimatized. After acclimatization
the rats were grouped according to their weight. In each group, 3 animals were kept in
individual cage and allowed free access to food and water. At each time point (0.50, 1 and
10 2 hours) n = 3 animals were used. '
The test compounds were suitably preformulated and administered orally at (free
‘base equivalent) 3 mg/kg. Blood samples were removed via, cardiac puncture by using
isoflurane anesthesia. The animals were sacrificed to collect brain tissue. Plasma was
separated and brain samples were homogenized and stored frozen at -20 °C until analysis.
15  The concentrations of the test compoimds in plasma and brain were determined using LC-

MS/MS method.
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The test compounds were quantivﬁed in plasma and brain homogenate by qualified
LC-MS/MS method using suitable extraction technique. The test compounds were
quantiﬁed in the calibration range of 1-500 ng/mL in plasma and brain homogenate.
Study samples were analyzed using calibration samples in the batch and quality control

samples spread across the batch. Extent of brain-plasma ratio was calculated (Cy/Cp).

Example Dose Vehicle Route of -Single dose Brain
Number | (mg/kg) ' administration Penetration (Cy/Cp)
Reagent _
3 grade oral (gavage)
3. Water 1.03 £0.02
1 \.Ngter. for intravenous (bolus)
injection _
Reagent
3 grade oral (gavage) A
44. Water 0.78 £ 0.06 .
1 W_ater. for intravenous (bolus) |
mjection ~
Reagent
3 grade oral (gavage)
48. Water 1.00 £ 0.16
1 W?lter.for intravenous (bolus) A
injection
Reagent
3 grade oral (gavage) _
50. Water - 1.48 +0.26
1 ' \.N.?lter' for intravenous (bolus)
injection
Reagent
3 grade ~oral (gavage)
53. Water 2.53+0.63
1 \'Ngter.for intravenous (bolus)
: mjection .

Example 70: Estimation of mice brain cortical sAPPa levels
Experimental Procedure:

Male C57BL/6J mice (20 - 30 grams) were randomly divided (n=7/ group) into
different treatment groups. Control gfoup of mice were subcutaneously (s.c.).administered
with sterile water for injection. Mice from treatment groups received a single s.c. injection
of test compound (dose volume of 10 mL/kg) or prucalopride (10 mg/kg) dissolved in
sterile water for injection. Mice were sacrificed by cervical dislocation at 60 minutes or 90
minutes after administration of test compound, Example 50 or prucalopride, respectively.

Brains were quickly isolated and the cortex was dissected at -20 °C. The cortex was
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immediately kept on a dry ice and weighed before being storedv at -80 °C until
quantification of sAPPa using Enzyme-linked immunosorbent assay (ELISA).

Sample Preparation:

1. Cortical tissues were thawed and Tris Buffer Saline (TBS) containing protease
inhibitors was added in a proportion of 0.8 mL for each 200 mg of tissue.

2. Obtained samples were homogenized using glass-Teflon homogenizer at 10> strokes.
The resulting homogenates were centrifuged at 15,000 rpm at 4 °C for 90 minutes.

3. The supernatant was discarded and to the precipitate, 4 times volume (0.8 mL/200 mg
tissues) of TBS was added. Again homogenized followed by centrifugation at 15,000 rpm-
at 4 °C for 30 minutes. '

4. From the above centrifuged mixture the supernatant was discarded and 10 times volume
of 6M Guanidine-HCI in 50 mM Tris buffer pH:7.6 (500 pL/50 mg tissues) was added.
The resulting solution was sonicated for 5 seconds, 4 times.

5. Resulting mixture was incubated at the room temperature for 30 minutes, followed by
centrifugation at 15,000 rpm, 4 °C for 30 minutes. From this 5 pL of supernatant solution

was taken and diluted with 155 pL of EIA buffer (dilution factor 32).

‘Measurement of sAPPa by ELISA Kit:

To investigate the role of an acute treatment of test compound on sAPPa levels, the
expressioh of this protein was measured in homogenates obtained from the cortex of
treated and untreated mice employing ELISA assay. The entire procedure was followed as
described in the ELISA kit manual (Mouse/Rat SAPPa ELISA, Catalog Number: JP27415,
Ihnovation Beyond Limits International, Hamburg, Germany). |
Statistical analysis:

Statistical analyses were performed using the Graph Pad Prism (Version 4). Data -
are Mean + SD of sAPPa levels expressed as percentage of control values (mice which
received water for injection). Values were compared between the different groups by using
unpaired test. The significance level was set at *p<0.05; **p<0.01; ***p<0.001.
References: '

Journal of Pharlnacology and Experimental Therapeutics, 2003, 305, 864 - 871; Current
Pharmaceutical Design 2006, 12, 671 - 676; and Journal of Phar"macology. and
Experimental Therapeutics 2006, 317, 786 - 790.

Result of the test compound (Figure 1):
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At 60 minutes post treatment, the test compound produced significant increase in
the mice brain cortical sAPPa levels i.e. increase of 44 % was observed when tested ét
doses 1 mg/kg, s.c. dose (Figure 1). The positive control, 5-HT, receptor agonist,
prucalopride significantly increased the level of sAPPa in adult mice cortex at 10.0 mg/kg.
s.c. These results are in line with results of reported literature (British Journal of
Pharmacology, 2007, 150, 883 - 892).

Example 71: To evaluate the effect of compounds of present invention on modulation
of acetylcholine from the ventral hippocampus of male Wistar rats.
Experimental Procedure: | |

Male Wistar rats (240 - 300 grams) were stereotaxically implanted with a

~ microdialysis guide cannula in ventral hippoéampus (AP: -5.2 mm, ML: + 5.0 mm, DV: -

3.8 mm). Co-ordinates were taken according to Paxinos and Watson (2004) with reference
points taken from bregma and vertical from the skull. The rats were allowed to recover
individually for four to five days in a round bottom Plexiglas bowl with free access to feed
and water. '
One day prior to the microdialysis experiment, rats were connected to a dual quartz

lined two-channel liquid swivel (Instech, UK) on a counter balance lever arm, which

- allowed unrestricted movements of the animal. Sixteen hour before start of study, a pre:

equilibrated microdialysis probe (4 mm dialysis membrane) was inserted into the ventral .
hippocampus through the guide cannula.

On the day of study, probe was perfused at a constant flow rate of 1.5 uL/minuteé

~ with artificial cerebrospinal fluid (aCSF; NaCl 147 mM, KCl 3.0 mM, MgCl, 1.0 mM,

CaCl,. 2H,0 1.3 mM, NaH,;P04.2H,0 0.2 mM and Na,HPO4.7H,0 1.0 mM, pH 7.2). A
stabilization period of 2 h was maintained and five basal samples were collected at 20
minutes intervals. Test compound, Example 50 or vehicle was administered and dialysate
samples were collected at 20 minutes interval for an additional period of 4 hours.
Diaiysates were stored below -70 °C until quantitation of acetylcholine.
Quantitation of acetylcholine: |
Acetylcholine inv dialysate was quantified in the calibration range of 0.103 nmol - 103.491
nmol using LC-MS/MS method.
Statistical analysis:

All microdialysis data were plotted as percent change from mean dialysate basal

concentrations with 100% defined as the average of five pre-dose values. The AUC was
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calculated by trapezoidal rule using WinNonlin (5.0.1 version, Pharsight Corp. CA). The
statistical significance between the mean AUC values of treatment groups with vehicle
was calculated .using one-way ANOVA followed by Dunnett’s test. For each treatment
group, the percent increase in acetylcholine levels was compared to the vehicle group
using two-way analysis of variance (time and treatment), followed by Bonferroni’s
multiple comparison test. Statistical significance was considered at a p value less than
0.05. |
In-correct probe placement was considered as criteria to reject the data from

animal. |
Reference: Neuropharmacology, 2007, 53, 5_63 - 573.
Results for the test compound: v

~ The test compound (1.0 mg/kg, p.o.) produced 51 % increase in acetylcholine

levels from ventral hippocampus of male Wistar rats (Figure 2). Treatment with 3.0 and

- 10.0 mg/kg, p.o. of test compound produced similar magnitude of increase in hippocampal

acetylcholine levels. Area under the curve values calculated to evaluate the overall effect
of treatment showed 31 % increase after treatment with test compound (1.0 mg/kg, p.o.)
(Figure. 3). | '

Example 72: To evaluate the effect of compounds of present invention on modulation

~ of acetylcholine from the frontal cortex of male Wistar rats.

Experimental Procedure:

Male Wistar rats (240 - 300 grams) were stereotaxically imblanted with a
mierodialysis guide cannula in frontal cortex (AP: +3.2 mm, ML: -3.2 mm, DV: -1.5 mm);
Co-ordinates were taken according to Paxinos and Watson (2004) with reference points
taken from bregma and vertical from the skull. The rats were allowed to recover

individually for four to five days in a round bottom Plexiglas bow! with free access to feed

" and water.

One day prior to the microdialysis experiment, rats were connected to a dual quartz
lined two-channel liquid swivel (Instech, UK) on a counter balance lever arm, which
allowed unrestricted movements of the animal. Sixteen hour before start of study, a pre-
equilibrated microdialysis probe (3 mm dialysis membrane) was inserted into the frontal
cortex through the guide cannula.

On the day of study, probe was perfused at a constant flow rate of 1.5 pL/minutes

with artificial cerebrospinal fluid (aCSF; Na_Cl 147 mM, KCI 3.0 mM, MgCl, 1.0 mM,
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CaCl,. 2H,0 1.3 mM, NaH,;P04.2H,0 0.2 mM and Na,HPO4.7H,0 1.0 mM, pH 7.2). A

stabilization period of 2 hours was maintained and five basal samples were collected at 20

minutes intervals. The test compound, Example 50 or vehicle was administered and
dialysate samples were collected at 20 minutes interval for an additional period of 4 hours.
Dialysates were stored below -70 °C until quantitation of acetylcholine.
Quantitation of acetylcholine:

- Acetylcholine in dialysate was quantified in the calibration range of 0.103 nmol -
103.491 nmol using LC-MS/MS method. \
Statistical analysis:

All microdialysis data were plotted‘ as pércent change from méan dialysate basal
concentrations with 100 % defined as the average of five pre-dose values. The AUC was
calculated by trapezoidal rule using WinNonlin (5.0.1 version, Pharsight Corp. CA). The
statistical significance between the mean AUC values of treatment groups with vehicle
was calculated using one-way ANOVA followed by Dunnett’s test. For each treatment
group, the percent increase in acetylcholine levels was compared to the vehicle group
using two-way analysis of variance (time and treatment), followed by Bonferroni’s
multiple comparison test. Statistical significance was considered at a p value less than
0.05. | |

In-correct probe placement was considered as criteria to reject the data from
animal. ,

Reference: Current Drug Targets - CNS & Neurological Disorders, 2004, 3, 39-51.
Result of the test compound: ' ’

The test compound produced dose-dependent increase in acetylcholine levels of
frontal cortex in male Wistar rats (Figure 4). Acetylcholine levels reached to the extent of
204 % of pre-dose levels at 10.0 mg/kg, p.o. Area under the curve (AUC) values
calculated to evaluate the overall effect of treatment showed significant increase in AUC
after treatment with test compound at 10.0 mg/kg, p.o. (Figure 5).

Example 73: Object Recognition Task Model |
 The cognition enhancing properties of compounds of this invention were estimated
by' using this model.

Male Wistar rats (230 - 280 grams) were used as experimental animals. Four
animals were housed in each cage. Animals were kept on 20 % food deprivation before

one day and given water ad libitum throughout the experiment and maintained on a- 12
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hours light/dark cycle. Also the rats were habituated to individual arenas for. 1 hour in the
absence of any objects. | _

One group of 12 rats received vehicle (1 mL/Kg) orally and another set of animals
received compound of the formula (I) either orally or i.p., before one hour of the familiar
(T1) and choice trial (T2).

The experimenf was carried out in a 50 x 50 x 50 cm open field made up of acrylic.
In the familiarization phase, (T1), the rats were placed individually in the open field for 3
minutes, in which two identical objects (plastic bottles, 12.5 cm height x 5.5 cm diameter)
covered in yellow masking tape alone (al and a2) were positioned in two adjacent corners,
10 cms from the walls. After 24 hours of the (T1) trial for long-term memory test, the
same rats were placed in the same arena as they were placed in T1 trial. Choice phase
(TZ) rats were allowed to explore the open field for 3 minutes in presence of one familiar
object (a3) and one novel object (b) (Amber color glass bottle, 12 cm high and 5 cm in
diameter). Familiar objects presented similar textures, colors and sizes. During the T1 and
T2 trial, explorations of each object (defined as sniffing, licking, chewing or having
moving vibrissae whilst directing the nose towards the object at a distance of less than 1

cm) were recorded separately by stopwatch. Sitting on an object was not regarded as

-exploratory activity, however, it was rarely observed.

T1 is the total time spent exploring the familiar objects (al + a2).
T2 is the total time spent exploring the familiar object and novel object (a3 + b).

The object recognition test was performed as described by Behaviour Brain

Research, 31 (1988), 47 - 59.

‘ Exploration time mean + S.E.M
Example
Number Dose , (sec) Inference
' Familiar object Novel object
3. 0.003 mg/kg, p.o. 9.9 +2.06 17.58 £2.24 Active
44, 3 mg/kg, p.o. 544 +1.02 14.64 +2.19 Active
48. 3 mg/kg, p.o. 7.02+0.76 13.80 + 1.74 Active
50. 0.1 mg/kg, p.o. 9.80 £ 1.49 18.58 +2.44 Active
53. 0.3 mg/kg, p.o. 8.24+1.32 15.98 +£1.75 Active

Example 74: Radial arm maze

The cognition enhancing properties of test compounds of this invention were

estimated by using this model.

Radial arm maze consists of a central hub of 45 cm diameter. Each arm was of
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dimension 42.5 x 15 x 24 cm. The maze was elevated to a height of 1 m above the ground.
The animals were placed on a restricted diet until they reached approximately 85 % of
their free feeding weight. During this diet restriction period animals were habituated to the
novel feed (pellets). Once the rats reached approximately 85 % of their free feeding
weight, rats were habituated to the maze on the 1% and 2" day. The animals that did not
cat the pellets were rejected from the study. Animals were randomized on day 2. On the
subsequent days the treatment was given as per the allotment. Each animal was introduced
into the maze individually for a period of 10 minutes. The arms were baited only once and

the animal had to learn the rule that repeated arm entries would not be rewarded. The trial

- ended once the rat had visited 16 arms or 10 minutes were over or all the pellets were

eaten. The arm entries were recorded using the software. Once the trial was over the rat

was removed and the maze was cleaned using soap water.

Examble Reversal of Scopolamine
P Induced amnesia - Effective
Number
_dose range
3. 0.03 mg/kg, p.o.
50. 1 mg/kg, p.o.

Example 75: Automated hERG Patch clamp assay:

To study the cardiac safety of test compounds using automated hERG patch clamp
assay, hERG-HEK293 cells were grown to 70 % confluency and were harvested using
accumax. The cells were then suspended in complete media and were incubated at 37 °C
and 5 % CO, for 30 minutes before using these cells for the whole cell patch clamp assay.
Whole cell patch clamp recordings were conducted on Nanion’s Patchliner using I-V
protocol of voltage step from holding potential of -80 mV to +40 mV for 500ms and then
fo test potential for 500 ms and back to holding potential of -80 mV. Pulses were elicited
every 10 seconds. Each test compound concentration was incubated for 5 minutes. Data
analysis was done by plotting the raw data using Igor Pro software and ICsq values were
calculated. Cells with resistance >1 Gohms and tail currents of >200 pA were taken into

consideration for data analysis. Quinidine was used as positive control. .

Example number | hERG (ICsg)
37 ' >10 uM
44 . >10 uM
50 >10 uM
53 " >10 uM
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We claim:

1. A compound of the general formula (1),

@]
)km/\

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

.Y .Y V.Y, NN
0) 0] 0] @)
Y Y
X X X X
rl|is
NH,  NHy  NHy or NH, -

200000
OO+ <0
OO 00K
FOAOA O

_§7<_/N/\M(n \. ,

R)

“onn” is point of attachment;

-------- ”” 1s bond or no bond;

R is hydrogen, fluorine or hydroxyl;

R, is hydrogen or fluorine; provided that R, is fluorine when “--------
and

“n”1s1or2.
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2. The compound according to claim 1, wherein:

O 0 0 0
Y Y
X X X X
r|is
NH2 , NHZ , NH2 or NH2 ,
X is chlorine, bromine or hydrogen;

S\ —
, 00000 D
HO-Oes O+ O o

“www” s point of attachment; and

R; is hydrogen.

10 3. The compound according to claim 1, wherein the compound is selected from,

(@) a compound of formula (I1b-1):

OH
i A
Os N U (1b-1)

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,
.Y .Y SN
O o) o)
Y
i g g
is
15 NH, NH, or NH, :

“nnr” is point of attachment;

X is chlorine;

(b) a compound of formula (Ib-2):
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A
Ox_ N o (b2

or their stereoisomersand pharmaceutically acceptable salts thereof,

wherein,

1
[Vavavy

@)

X
S NH,

X is chlorine;

“ow” s point of attachment;
(c) a compound of formula (1d-1):

H Ro~
o) N 3 (1d-1)

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

R — ” is a bond or no bond;

O
o
@)
o

()i ’ ’ ’
rlis
NH, NH, NH,  or NH,

X is chlorine or bromine;

“nnr” is point of attachment;

R.is hydrogen or fluorine;provided that R; is fluorine when *-------- ”” is no bond;

(d) a compound of formula (1d-2):
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or their stereoisomersand pharmaceutically acceptable salts thereof,

wherein,
S ” is a bond or no bond;
S
0]
s
5 1S NH ;
X is chlorine;

“” s point of attachment;

R.is hydrogen or fluorine;provided that R; is fluorine when “-------- ”” is no bond;
10 (e) a compound of formula (le-1):
N OH (|e-
i e
O\/N

o

or their stereoisomersand pharmaceutically acceptable salts thereof,

wherein,
S V.Y
O 0
/
" ’
r
SUNH, o NH, :
15 X is chlorine;

“wvn” s point of attachment;

(f) a compound of formula (le-2):
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N 0]
Ox N (le-2)

or their stereoisomers and pharmaceutically acceptable salts thereof,

QR ” is a bond or no bond;

1
[Vavavy

@)

s
r
1S NH,

X is chlorine;

“www” s point of attachment; and

(9) a compound of formula (If-1):

N SN
O N (I-1)

or their stereoisomers and pharmaceutically acceptable salts thereof,

wherein,

S V.Y, N Y.y
O o) o) 0
/ /
X X X X
rfi
> NH; . NH, | NHy  or  NHp :
X is chlorine or bromine;

R, is hydrogen or fluorine;

“n”1s 1 or 2.
4. The compound according to claim 1, which is selected from the group consisting of:

5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-

yl]methyl}chroman-8-carboxamide hydrochloride;
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5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}chroman-8-carboxamide hemifumarate;
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}chroman-8-carboxamide;

(R,S) 5-Amino-6-chloro-N-{[3-(tetrahydro-3-furanylmethyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}chroman-8-carboxamide;

(R,S) 5-Amino-6-chloro-N-{[3-(tetrahydro-3-furanylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-bromo-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}chroman-8-carboxamide;
5-Amino-6-bromo-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}benzofuran-7-carboxamide hydrochloride;
4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(tetrahydro-2H-pyran-4-yl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}benzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}benzofuran-7-carboxamide;
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4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-2-methyl-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-2-methyl-N-{[3-(tetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}benzofuran-7-carboxamide hydrochloride;
4-Amino-5-chloro-N-[(3-isopropyl-3-azabicyclo[3.1.0]hex-6-yl)methyl]-2,3-
dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-[(3-isopropyl-3-azabicyclo[3.1.0]hex-6-yl)methyl]-2,3-
dihydrobenzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(cyclobutylmethyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}-2,3-
dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(cyclobutylmethyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}-2,3-
dihydrobenzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(1-methoxycarbonylpiperidine-4-yl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}- 2,3-dihydrobenzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex-6-yl]Jmethyl}-2,3-
dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex-6-ylJmethyl}-2,3-
dihydrobenzofuran-7-carboxamide oxalate;
4-Amino-5-bromo-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}-2,3-
dihydrobenzofuran-7-carboxamide;
4-Amino-5-bromo-N-{[3-(tetrahydropyran-4-yl)-3-azabicyclo[3.1.0]hex-6-ylJmethyl }-2,3-
dihydrobenzofuran-7-carboxamide oxalate;
5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxamide;
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5-Amino-6-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl]methyl}benzofuran-7-carboxamide oxalate;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-
6-yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(4-hydroxytetrahydropyran-4-ylmethyl)-3-azabicyclo[3.1.0]hex-
6-yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide oxalate;
5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl] methyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[3-(4-fluorotetrahydro-2H-pyran-4-ylmethyl)-3-
azabicyclo[3.1.0]hex-6-yl] methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]
methyl}chroman-8-carboxamide;

5-Amino-6-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]
methyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide hydrochloride;
4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methylpropyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}-2,3-dihydrobenzofuran-7-carboxamide oxalate;
5-Amino-6-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}chroman-8-carboxamide;
5-Amino-6-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-bromo-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}chroman-8-carboxamide;
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5-Amino-6-bromo-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}chroman-8-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide;

4-Amino-5-chloro-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}benzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-2-methyl-N-{[1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-2-methyl-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide;
4-Amino-5-chloro-2-methyl-N-{[4-fluoro-1-(2-hydroxy-2-methyl propyl)-4-
piperidinyl]methyl}benzofuran-7-carboxamide L(+)-tartarate;
4-Amino-5-chloro-2-methyl-N-{[3-(2-hydroxy-2-methyl propyl)-3-azabicyclo[3.1.0]hex-
6-yllmethyl}benzofuran-7-carboxamide;

5-Amino-6-chloro-N-{[1-(2-fluoro-2-methyl propyl)-4-fluoro-4-piperidinyl]
methyl}chroman-8-carboxamide;

5-Amino-6-chloro-N-{[1-(2-fluoro-2-methyl propyl)-4-fluoro-4-
piperidinyl]methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(3-hydroxy-2,2-dimethyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]
methyl}chroman-8-carboxamide;

5-Amino-6-chloro-N-{[3-(3-hydroxy-2,2-dimethyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]
methyl}chroman-8-carboxamide L(+)-tartarate;
5-Amino-6-chloro-N-{[3-(3-methoxy-2,2-dimethyl propyl)-3-azabicyclo[3.1.0]hex-6-yl]
methyl}chroman-8-carboxamide;
4-Amino-5-chloro-N-{[3-(3-methoxypropyl)-3-azabicyclo[3.1.0]hex-6-yl] methyl}-2,3-
dihydrobenzofuran-7-carboxamide;
4-Amino-5-chloro-N-{[3-(3-methoxypropyl)-3-azabicyclo[3.1.0]hex-6-yl] methyl}-2,3-
dihydrobenzofuran-7-carboxamide oxalate;

4-Amino-5-chloro-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]hex-6-
yllmethyl}benzofuran-7-carboxamide;
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4-Amino-5-chloro-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide hydrochloride;
4-Amino-5-chloro-2-methyl-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]hex-6-
yl]methyl}benzofuran-7-carboxamide;

4-Amino-5-chloro-2-methyl-N-{[3-(3-methoxy propyl)-3-azabicyclo[3.1.0]hex-6-
ylJmethyl}benzofuran-7-carboxamide hydrochloride;and
4-Amino-5-bromo-N-{[3-(3-methoxypropyl)-3-azabicyclo[3.1.0]hex-6-yl]methyl}-2,3-

dihydrobenzofuran-7-carboxamide oxalate.

5. A pharmaceutical composition comprising the compound according to any of the claims
1 to 4,and pharmaceutically acceptable excipients or carriers.

6. The pharmaceutical composition according to claim 5, for use in the treatment of
disorder related to 5-HTyreceptor such as Alzheimer’s disease, schizophrenia, attention
deficit hyperactivity disorder, Huntington’s disease, Parkinson’s disease, depression or

psychiatric disorders.

7. Use of the compound according to any one of the claims 1 to 4, for the manufacture of
medicament for the treatment of disorders related to 5-HT, receptor selected from the
group consisting of Alzheimer’s disease, schizophrenia, attention deficit hyperactivity

disorder, Huntington’s disease, Parkinson’s disease, depression and psychiatric disorders.

8. The compound according to any one of the claims 1 to 4, for use in the treatment of
various disorders selected from Alzheimer’s disease, schizophrenia, attention deficit
hyperactivity disorder, Huntington’s disease, Parkinson’s disease, depression and

psychiatric disorders.
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