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SUBSTITUTED BICYCLIC HETEROARYL COMPOUNDS
AS RXR AGONISTS '

FIELD OF THE INVENTION

The present invention relates to substituted bicyclic compounds that are agonists of
rexinoid receptors (RXR’s) and which are therefore useful in the treatment of certain disorders
that can be prevented or treated by activation of these receptors. In addition the invention
relates to the compounds, methods for their preparation, pharmaceutical compositions
containing the compounds and the uses of th’es'e(,cgmpdmds in the treatment of éerfain
disorders. It is expected that the compounds of the invention will find application in the
treatment of conditions such as non-insulin dependent type 2 diabetes mellitus (NIDDM),
insulin resistance, obesity, impaired fasting glucose, impaired glucose tolerance, lipid
disorders such as dyslipidemia, hypertension and as well as other diseases and conditions.

BACKGROUND OF THE INVENTION
Retinoic acid (RA) which is_the carboxylic acid form of vitamin A is a nutrient

derivative that has been shown to have remarkable biological effects in regulating glucose,

Y

fatty acid, cholesterol and amino acid metabolism as well as adipose tissue biology and the
energy balance control system. For example studies have shown that in mice, treatment with
all trans RA (ATRA) reduces body weight and adiposity independent of changes in food
intake and improves glucose tolerance. Additionally, it has also been shown that the ATRA
induced body fat loss correlates with an activation of brown adipose tissue along with
Jincreased oxidative metabolism and thermogenesis in white adipose tissue. This is also
known to be accompanied by an increased level of circulating nonesterified fatty acids which
has been interpreted as meaning that fatty. acids mobilized from fat stores undergo oxidatioh

either within the adipocytes themselves or in other tissues.

It is-thought thét‘RA regulates gene expression predominantly though activation of
either the RA receptors (RAR's) which have been found to be activated by ATRA and 9-cis
RA or the rexinoid receptors (RXR's). Unline RAR's, RXR is part of a nuclear receptor
superfamily that functions as’ligand-activated transcription factors. RXR's are heterodimeric
partners of'many nuclear receptors such as retinoic acid receptors (RAR's), thyroid hormone
receptors (T3R's), liver receptors (LXR's) peroxisome proliferator activated receptors
(PPAR's) and also forms a hbmodimér with RXR's themselves. As such activation of these
receptors should have a significant impact on gene expression.
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_ By modulating a multitude of transcription factoré, retinoic acids regulate several
aspects » of ~ metabolic diseases such as. hyperglycemia, hypertriglyceridemia,
hypercholesterolemia, hypertension, muscle fatigue, haemostasis and manéging body weight’
as well as visceral obesity that makes it an attractive target for obesity and diabetes as well
as its related indicati_ons. '

In addition to metabolic homeostasis, retinoic. acid plays a vital role in regulating
tissue health and regulates inflammatory responses. Indeed RXR agonists ha\)e been shown
to have a large number of potential biological activities ranging from the treatment of cancer,
skin disorders, metabolic diseases, fibrosis, neuro-degenerative diseases, vascular diseases,
eye conditions and inflammatory diseases. »

The evidence therefore strongly suggests that compounds that are agonisis' of RXR's
would be useful in the treatment of a number of clinical conditions and therefore the search

for suitable agonists of RXR is ongoing.

It would be desirable to provide compounds that are agonists of RXR's. These
~ compounds would be expected to be useful in the treatment of conditions that can be treated
by activation of these receptors.

It-would also be desirable to provide a pharmaceutical.composition contéining a
'compound that is an agonist of RXR and a pharmaceutically acceptable excipient, diluent or
carrier.

It would yet even further be desirable to provide a method of prevention or _treatm’em
of a condition that can be treated by activation of RXR in a mammal '
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SUMMARY

The present disclosure provides a compound of formula (1):
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Formula (1)

wherein:

R’ is selected from the group consisting of H, C;-Cgalkyl and a carboxylic acid protecting
group;

R? and R? are independently selected from the group consisting of H and C;-Cgalkyl;

each R* is independently selected from the group consisting of H, halogen, OH, NO,,
CN, SH, NH,, CF; OCFj3, optionally substituted C;-Cisalkyl, optionally substituted C;-
Cizhaloalkyl optionally substituted C.-Cq.alkenyl, optionally substituted C,-Cqalkynyl,
optionally substituted C,-Cisheteroalkyl, optionally substituted Cs-Ciocycloalkyl, optionally
substituted Cs-Ciocycloalkenyl, optionally substituted C,-Cizheterocycloalkyl, optionally
substituted C,-Ci.heterocycloalkenyl, optionally substituted Cg-Cqgaryl, optionally substituted
Ci-Cygheteroaryl, optionally substituted C;-Cialkyloxy, optionally substituted Cs-
Cioalkenyloxy, optionally substituted C.-Ci.alkynyloxy, optionally substituted C,-
Cioheteroalkyloxy, optionally substituted Cs-Ciocycloalkyloxy, optionally substituted Cs-
Ciocycloalkenyloxy, optionally substituted C,-Cioheterocycloalkyloxy, optionally substituted
C,-C4» heterocycloalkenyloxy, optionally substituted Cg-Cgaryloxy, optionally substituted C-
Cisheteroaryloxy, optionally substituted C;-Cisalkylamino, SR>, SOzH, SO,NR’R’, SO,R’,
SONR°R®, SOR®, COR®, COOH, COOR?®, CONR’R®, NR°COR®, NR°COOR®, NR°SO,R’,
NR°CONR°R®, NR°R®, and acyl, or two R* on the same carbon atom when taken together
form a =0 substituent or a group of formula =NOH, or two R* on adjacent carbon atoms when
taken together form a double bond;
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each R® is independently  selected from the group consisting of H, optionally
substituted C,-Ci.alkyl, optionally substituted Cz-theteroalkyl optionally substituted Cs-
Cizhaloalkyl, opuonally substituted Cj-Cqzcycloalkyl, optlonally substltuted Cs Cisaryl, and
optionally substituted C1 -Cigheteroaryl;

ais an integer selected from the group conéisting of 0,1, 2, 3,and 4;
X is a bond or a linking group;

V2, V% and V* are each independently selected from the group consisting of N and
CRS; ’ ‘ ' ‘

each R®is independently selected from the group consisting of H, halogen, OH, NO,,
CN, SH, NH,, CF; OCF;, optionally substituted C;-Ci,alkyl, optionally substituted C,-
' Cizhaloalkyl optionélly'substituted C»-Cyzalkenyl, optionally substituted ’Cg-CQalkynyl,
optionally substituted C2-Cszheteroalkyl, optionally substituted Ca-Ciocycloalkyl, optionally
substituted Cg-Ciacycloalkenyl, .optionally' substituted C»,-Cizheterocycloalkyl, "optionally
substituted Cz-C,;heterocycloa'lkenyl, optionally substituted Cs-CmaryI, »optiohally substituted
Ci-Cigheteroaryl, optionally substituted C1-C12al_kyloxy, optionally  substituted Cg
Cizalkenyloxy, optionally substituted  Co-Cyealkynyloxy, - optionally . substituted  C,-
Cioheteroalkyloxy, optionally substituted Ca-Crocycloalkyloxy, optionally substituted Cs-
Csocycloalkenyloxy, optionally substituted CZ-C1zhete}ocycloalkyloxy, optionally substituted
Co-Ci2 heterocycloa!kenyloxy, optionally substituted CG-C,saryloxy, optionally substituted C,-
Caahetéroaryloxy optionally substituted C;-Calkylamino, SR®, SO;H, SO,NR°R®, SO,R?
"~ SONR°R®, SOR®, COR®, COOH, COOR®, CONR°R®, NR *COR®, NR°COOR®, NR°SO,R®,
NR®CONR®R®, NR°R®, and acyl;

V' and V®.are selected from the group consisting of N, CR” and CR® such that one of

V' and V® is CR® and the other is N or CR’;

R™is ‘in'dvependently selected from the group consisting of H, halogen, OH, NO, CN, .
SH, NH_g; CF3, OCF;, opﬁonally substituted C¢-Cialkyl, optionally substituted C;-Ciz2haloalky!
optionally substituted Cg-C1gaIkenyI, optionally -substituted C.-Cszalkynyl, optionally
substituted Cz-C,zheteroalkyi; optionally substituted Cj;-C,cycloalkyl, optionally substituted
Cs-Ciocycloalkenyl, optionally substituted Cg-C,zheterocycldalkyl, optionally substituted C,-
C12he_teroéycloalkenyl_; optionally  substituted - Ce-Cigaryl, optionally substituted C,-
Cygheteroaryl, optionally substituted C,-C,galkquxy, optionally substituted -C,-C,,alkenyloxy.
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optionally substituted C,-C;.alkynyloxy, optionally substituted C,-C,oheteroalkyloxy, optionally
substituted Cs-Cyocycloalkyloxy, optionally substituted Cs-Cqocycloalkenyloxy, optionally
substituted C,-Cysheterocycloalkyloxy, optionally substituted C.-Ci» heterocycloalkenyloxy,
optionally substituted Ce-Cigaryloxy, optionally substituted C;-Cigheteroaryloxy, optionally
substituted C;-Cy.alkylamino, SR®, SO;H, SO,NR°R°, SO,R°, SONR°R®, SOR®°, COR®
COOH, COOR?®, CONR®’R®, NR°COR®, NR*COOR®, NR’>SO,R°, NR’CONR°R®, NR°R®, and
acyl, or R’ when taken together with the carbon atom to which it is attached forms a cyclic
moiety with a substituent on X;

R®is a bond to X,

Y is a bond or a linking group;

W is selected from the group consisting of N and CR?;

R® is selected from H and C;-Cgalkyl;

or a pharmaceutically acceptable salt thereof.
In one aspect, there is provided a compound of formula (1):

W
R2 /J\ . /VQ Y. OR!
I g . : Y Y
X

Formula (1)

(RYa

wherein:

R' is selected from the group consisting of H, C;-Csalkyl and a carboxylic acid
protecting group;
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R? and R® are independently selected from the group consisting of H and C;-Cgalkyl;

each R* is independently selected from the group consisting of H, halogen, OH, NO,, CN, SH,
NH,, CF;, OCF; optionally substituted C;-Cioalkyl, optionally substituted C;-Ciohaloalkyl
optionally substituted Co-Cqzalkenyl, optionally substituted C,-C;.alkynyl, optionally substituted Co-
Cizheteroalkyl, optionally substituted Cs-Cqocycloalkyl, optionally substituted Cs-Cqocycloalkenyl,
optionally substituted C,-Cqsheterocycloalkyl, optionally substituted C,-Cioheterocycloalkenyl,
optionally substituted Cg-C1garyl, optionally substituted C4-Cigheteroaryl, optionally substituted C;-
Cioalkyloxy, optionally substituted Co-Ci.alkenyloxy, optionally substituted C,-Cqzalkynyloxy,
optionally substituted C,-Cioheteroalkyloxy, optionally substituted C3-Cyocycloalkyloxy, optionally
substituted Cs3-Cyocycloalkenyloxy, optionally substituted C,-Cioheterocycloalkyloxy, optionally
substituted Co-Cqzheterocycloalkenyloxy, optionally substituted Cg-Cigaryloxy, optionally
substituted C;-Cigheteroaryloxy, optionally substituted C+-C.alkylamino, SR>, SOsH, SO.NRR®,
SO,R’, SONR°R®, SOR®, COR®, COOH, COOR®, CONR°R®, NR°COR®, NR’COOR®, NR°SO,R’,
NR°CONR’R®, NR°R?®, and acyl, or two R* on the same carbon atom when taken together form a
=0 substituent or a group of formula =NOH, or two R* on adjacent carbon atoms when taken

together form a double bond;

wherein each R® is independently selected from the group consisting of H, optionally
substituted C;-Cqoalkyl, optionally substituted Co-Cioheteroalkyl optionally substituted Cy-
Cizhaloalkyl, optionally substituted Cs-Ciocycloalkyl, optionally substituted Cg-Cqgaryl, and
optionally substituted C;-Cgheteroaryl;

a is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

wherein X is selected from the group consisting of a bond, —O-, -S-, -NR'-, NR'°C(=0)-, -
C(=R")- and «(CR"R"™),-;

wherein R'"’ is selected from the group consisting of H, optionally substituted C;-Csalkyl,
optionally substituted C.-C;, alkenyl, optionally substituted C,-C, alkynyl, optionally substituted
C¢-Cqohaloalkyl, optionally substituted C,-Cqzheteroalkyl, optionally substituted Cs-Ciocycloalkyl,
optionally substituted Cs-Cocycloalkenyl, optionally substituted C,-Cqoheterocycloalkyl, optionally
substituted C,-Cyoheterocycloalkenyl,optionally substituted Ce-Cysaryl,optionally substituted Cs-
Cigheteroaryl,optionally substituted Cs-CqocycloalkylCy-Cqoalkyl, optionally substituted Co-
CizheterocycloalkylC+-Cqzalkyl, optionally substituted Ce-Csaryl C1-Cqoalkyl, optionally substituted
C+-CygheteroarylC;-Cyalkyl, SOsH, SO.NR°R®, SO,R®, SONR°R®, SOR®, COR®, COOH, COOR?,
CONR’R® and acyl;

wherein R'" is selected from the group consisting of O, NR', NOR' and CR'R'",
wherein each R and R is independently selected from the group consisting of H, optionally
substituted C4-Cqoalkyl, optionally substituted C,-Cq.alkenyl, optionally substituted C,-C+» alkynyl,
optionally substituted C;-Ciohaloalkyl, optionally substituted C,-Cioheteroalkyl, optionally


pyd
Text Box


5b

substituted C;-Cqocycloalkyl, optionally substituted Cs-Cqocycloalkenyl, optionally substituted Co-
Cizheterocycloalkyl, optionally substituted C,-Cqoheterocycloalkenyl,optionally substituted Ce-
Cigaryl,optionally substituted C;-Cigheteroaryl,optionally substituted Cs-C;.cycloalkylC4-Cqoalkyl,
optionally substituted C,-CyoheterocycloalkylC1-Cqqalkyl, optionally substituted Cg-Cqgaryl Cs-
Cioalkyl, optionally substituted C4-CigheteroarylC4-Cy,alkyl, and acyl;

each R'? and R is independently selected from the group consisting of H, optionally
substituted C4-Cyoalkyl, optionally substituted C,-C4, alkenyl, optionally substituted C,-C;, alkynyl,
optionally substituted C;-Cizhaloalkyl, optionally substituted C,-Cioheteroalkyl, optionally
substituted C3-Cqocycloalkyl, optionally substituted Cs-Cyocycloalkenyl, optionally substituted Co-
Cizheterocycloalkyl, optionally substituted C».-Cisheterocycloalkenyl,optionally substituted Ce-
Cigaryl,optionally substituted C;-Cigheteroaryl,optionally substituted Cs-C;ocycloalkylCi-Cyoalkyl,
optionally substituted C,-CyoheterocycloalkylC1-Cqqalkyl, optionally substituted Cg-Cqgaryl Cs-
C1zalkyl, optionally substituted C;-CsheteroarylC;-Cyalkyl, and acyl, or R'? and R on the same

carbon atom when taken together form a cyclic moiety,
b is an integer selected from the group consisting of 0, 1, 2,3 and 4;
V2 V3 and V* are each independently selected from the group consisting of N and CR®;

each R®is independently selected from the group consisting of H, halogen, OH, NO,, CN, SH,
NH,, CF;, OCF3; optionally substituted C;-Cialkyl, optionally substituted C;-Ciohaloalkyl
optionally substituted Co-C1zalkenyl, optionally substituted C,-C1.alkynyl, optionally substituted Co-
Cizheteroalkyl, optionally substituted Cs-Cqocycloalkyl, optionally substituted Cs-Cqocycloalkenyl,
optionally substituted C,-Cqzheterocycloalkyl, optionally substituted C,-Cioheterocycloalkenyl,
optionally substituted Ce-C1garyl, optionally substituted C;-Cygheteroaryl, optionally substituted C;-
Cioalkyloxy, optionally substituted Co-Ci.alkenyloxy, optionally substituted C,-Cq.alkynyloxy,
optionally substituted C,-Cioheteroalkyloxy, optionally substituted Cs3-Cycycloalkyloxy, optionally
substituted Cs;-Cqocycloalkenyloxy, optionally substituted C,-Cioheterocycloalkyloxy, optionally
substituted C,-Cqzheterocycloalkenyloxy, optionally substituted Cg-Cigaryloxy, optionally
substituted C;-C1gheteroaryloxy, optionally substituted C+-C.alkylamino, SR>, SOsH, SO.NR’R®,
SO,R®, SONR°R?®, SOR®, COR®, COOH, COOR®, CONR°R®, NR°COR®, NR’COOR?®, NR°SO,R’,
NR°CONR’R®, NR°R®, and acyl;

V' and V° are selected from the group consisting of N, CR” and CR®? such that one of V'
and V° is CR® and the other is N or CR’;

R’ is independently selected from the group consisting of H, halogen, OH, NO,, CN, SH,
NH,, CF;, OCF; optionally substituted C;-Cialkyl, optionally substituted C;-Ciohaloalkyl
optionally substituted C,-Cq.alkenyl, optionally substituted C,-Cy.alkynyl, optionally substituted Co,-
Cizheteroalkyl, optionally substituted Cs-Cqocycloalkyl, optionally substituted Cs-Cqocycloalkenyl,
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optionally substituted C.-Cizheterocycloalkyl, optionally substituted C,-Coheterocycloalkenyl,
optionally substituted Ce-C1garyl, optionally substituted C;-Cygheteroaryl, optionally substituted C;-
Cioalkyloxy, optionally substituted Co-Ci.alkenyloxy, optionally substituted C,-Cqzalkynyloxy,
optionally substituted C,-Cigheteroalkyloxy, optionally substituted C3-C4ocycloalkyloxy, optionally
substituted Cs-Cyocycloalkenyloxy, optionally substituted C,-Cqoheterocycloalkyloxy, optionally
substituted Co-Cqzheterocycloalkenyloxy, optionally substituted Cg-Cigaryloxy, optionally
substituted C;-Cigheteroaryloxy, optionally substituted C+-C.alkylamino, SR®, SOsH, SO.NR°R®,
SO,R®, SONR°R®, SOR®, COR®, COOH, COOR®, CONR°R®, NR°COR®, NR’COOR?®, NR°SO,R’,
NR°CONR®R®, NR°R®, and acyl, or R’ when taken together with the carbon atom to which it is

attached forms a cyclic moiety with a substituent on X;
R®is a bond to X,
Y is a bond;
W is selected from the group consisting of N and CR?;
R® is selected from H and C+-Csalkyl;
or a pharmaceutically acceptable salt thereof.

In a further aspect, there is provided a pharmaceutical composition including a compound as
described herein and a pharmaceutically acceptable diluent, excipient or carrier.

Disclosed is a method of prevention or treatment of a condition in a mammal comprising
administration of an effective amount of a compound of the disclosure. In one embodiment the
condition is a condition that can be prevented or treated by activation of RXR.

In one aspect, there is provided use of a compound as described herein in the preparation
of a medicament.

Also disclosed is the use of a compound of the disclosure in the preparation of a
medicament for the treatment of a condition in a mammal. In one embodiment the condition is a

condition that can be prevented or treated by activation of RXR.

Further disclosed is the use of a compound of the disclosure for the treatment of a condition
in a mammal. In one embodiment the condition is a condition that can be prevented or treated by
activation of RXR.
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Examples of conditions that may be treated include cancers, dermatological disorders,
respiratory and pulmonary system disorders, metabolic disorders, inflammatory diseases,
renal diseases, autoimmune diseases and neurodegenerative diseases.

Examples of cancers include Breast Cancer, pancreatic cancer, Cutaneous T-cell
lymphoma (relapsed or refractory cutaneous T-cell lymphoma), Lung cancer, Liver cancer
(hepatocellular carcinoma), Kaposi's Sarcoma (AIDS related Kaposi’'s sarcoma), Cutaneous
T-cell lymphoma, promyelocytic leukemia, Skin cancer (basal cell carcinoma), Non-small cell
Lung Cancer, Kidney cancer (advanced renal cell cancer), Gastrointestinal (stomach) cancer
(advanced aerodigestive tract cancer), Mesothelioma, and Non-small-cell lung cancer.

Examples of dermatological disorders include Dermatitis (severe chronic hand eczema
in adults), Psoriasis (Severe Plague Psoriasis), Psoriasis (moderate to severe psoriasis) and
alopecia.

Examples of respiratory and pulmonary system disorers include Bronchial Metaplasia
and Pulmonary Fibrosis (Fibrosis).

Examples of metabolic diseases include Pre diabetes, Type 2 diabetes, Obesity,
Hypercholesteriolemia, Hypertriglyceridemia, Hypertension, Dyslipidemia, hyperinsulinaemia,
Liver diseases, NASH, and Atherosclerosis.

Examples of inflammatory disorders include oxidative stress, Renal fibrosis, Hepatic
diseases such as steatosis, steatohepatitis (alcoholic and non alcoholic), Hepatic fibrosis and

cirrhosis, autoimmune diseases and Experimental autoimmune encephalomyelitis.

An example of a neurodegenerative disorder is alzheimers disease.

Examples of other conditions that may be treated include obesity and cardiovascular
disease.

The compounds of the disclosure may also be used to provide a number of beneficial
effects to a mammal. Examples of beneficial effects that may be provided include increasing
muscle endurance, improving cardiac function and achieving an exercise mimetic effect.



7

Accordingly, in another aspect, there is provided use of a compound as described herein in
the preparation of a medicament for increasing muscle endurance in a mammal. Also provided is
a method of increasing muscle endurance in a mammal, the method comprising administering an

effective amount of a compound of the disclosure.

Accordingly. in another aspect, there is provided use of a compound as described herein in
the preparation of a medicament for improving cardiac function in a mammal. Also provided is a
method of improving cardiac function in a mammal, the method comprising administering an
effective amount of a compound of the disclosure. Examples of cardiac function that may be

improved include stroke work, stroke volume, ejection fraction and ventricular refilling.

Accordingly, in another aspect, there is provided use of a compound as described herein in
the preparation of a medicament for achieving an exercise mimetic effect in a mammal. Also
provided is a method of achieving an exercise mimetic effect in a mammal, the method comprising
administering an effective amount of a compound of the disclosure.

These and other teachings of the disclosure are set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows cholesterol retention in neuronal cells treated with compound 40.
Figure 1B shows reduced oxidative stress (ROS) levels in neuronal cells treated with compound
40.
Figure 1C shows caspase activity in neuronal cells treated with compound 40.
Figure 1D shows ABCA1 expression in neuronal cells treated with compound 40.
Figure 1E shows ABCG1 expression in neuronal cells treated with compound 40.
Figure 2A shows reduced oxidative stress (ROS) levels in astrocytes treated with compound 40.
Figure 2B shows IL6 levels in astrocytes treated with compound 40.
Figure 2C shows IL6 expression in astrocytes treated with compound 40.
Figure 2D shows IL1B expression in astrocytes treated with compound 40.
Figure 2E shows COX2 expression in astrocytes treated with compound 40.
Figure 2F shows MCP1 expression in astrocytes treated with compound 40.
Figure 3A shows MiA PaCaz2 cell line growth on cells treated with compound 40.
Figure 3B shows the results of a cell proliferation assay (BrdU incorporation) of MiA PaCa2 cell
line growth on cells treated with compound 40.
Figure 4A shows reduced oxidative stress (ROS) levels in MiA PaCaz2 treated with compound 40.
Figure 4B shows caspase levels in MiA PaCa2 treated with compound 40.
Figure 4C shows a cell death ELISA in MiA PaCaz2 treated with compound 40.
Figure 5A shows impact of compound 40 on cell proliferation of MCF7 cells.
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Figure 5B shows impact of compound 40 on cell proliferation of MCF7 cells (Brdu .
incorporation). ’

Figure 5C shows reduced oxidative stress (ROS) levels in MCF7 cells Ireatéd with compound
40. ’ ’

o Figure 5D shows a cell death ELISA in MCF7 cells treated with compound 40.

Figure 6 shows differentiation of HL60 PML cells treated with compound 40.-

Figure 7A shows effect of compound 40 on Glucose in DIO mice.

Figure 7B shows effect of compound 40 on insulin levels in DIO mice.

Figure 8 shows effect of compound 40 on HOMA IR in DIO mice.

Figure 9 shows effect of compound 40 on Fasting TG in DIO mice.

Figure 10A shows effect of compound 40 on total cholesterol in DIO mice.

Figuré 10B shows effect of compound 40 on non-HDL cholesterol in DIO mice.

Figure 11A shows effect of compound 40 on FFA in DIO mice.

Figure 11B shows effect of cdmpound 40 on glycerol levels in DIO mice.

Figure 12A shows effect of compound 40 on bodyweight in DIO mice.

Figure 12B shows effect of compound 40 on absolute adipose weight in DIO mice.

Figure 13A shows effect of compound 40 on thermogenesis in DIO mice:

Figure 13B shows effect of compdund 40 on mesentic adipocyte size in DIO mice.

Figure 13C shows effect of compound 40 on ge'ne expression in WAT.

Figure 14A shows effect of compound 40 on muscle endurance activity (distance) in DIO
mice. | ' _ _
Figure 14B shows effect of compound 40 on muscle endurance activity (total run time) in DIO
mice. ‘ ‘ ‘
Figure 15 shows effect of compound 40 on ob/ob mice. ‘

Figufe 16A shows effect of compound 40 on total cholesterol in ob/ob mice.

Figure 16B shows effect of compound 40 on LDL cholesterol in ob/ob mice.

Figure 17 shows effect of compound 40 on db/db mice.

Figure 18 shows effect of compound 40 on fed glucose profile of db/db mice.

Figure 19 shows effect of compound 40 on HbA1c levels of db/db mice.

Figure 20A shows effect of compound 40 on glucose levels in fed glucose ZDF rats.

Figure 20B shows effect of compound 40 on glucose levels in fasting ZDF rats. '

Figure 21A shows effect of compound 40 on glucose levels in ZDF rats.

Figure 21B shows effect of compound 40 on insulin levels in ZDF rats.

* Figure 22 shows effect. of co_mpouhd 40 on HbA1c levels in ZDF rats.

Figure 23 shows effect of cémpound 40 on fasting TG levels in ZDF rats. -

Figure 24 shows effect of compound 40 on CRP levels in ZDF rats.

Figures 25A-D shows effect of compound 40 on cardiac function ZDF rats.
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Figures 26A-D shows effect of compound 40 on levels of biomarkers for cardiovascular risk
in ZDF rats. , '
Figure 27shows effect of éompound 40 on nerve conduction velocity in ZDF rats.

Figure 28A shows effect of compound:40 on BUN levels ZDF rats. ‘

Figure 288 shows effect of compound 40 on serum creatinine levels in ZDF rats.

Figure 29A shows effect of compound 40 on fasting glucose in Wistar rats.

Figure 29B shows veffect of compound 40 on glucose in Wistar rats.

Figure 30A shbws effect of compouhd 40 on weekly body weight in Wistar rats.

Figure 30b shows effect of compound 40 on fasting TG in Wistar rats.

Figure 31 shows effect of compound 40 on abosolute heart weight in Wistar rats.

Figure 32A shows effect of compound 40.0n left ventricular wall thickness in Wistar rats.
Figure 32B shows effect of compound 40 on intraventricular septum thickness in Wistar rats. »
Figure 33A shows effect of compound 40 on heart stroke volume in Wistar rats. '

Figure 33B shows effect of compound 40 on heart siroke work in Wistar rats.

Figures 34A-C shows effect of compound 40 on various cardiac factors in Wistar rats.
Figurés 35A-B shows effect of compo'und 40 on various Cardiaé factors in Wistar rats.

Figure 36 shows effect of compound 40 on left ventricular diastolic volume in Wistar rats.
Figures 37A-D shows effect of compound 40 on various TG.Iévels in hamsters.
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DETAlLED DESCRIPTION OF THE INVENTION
In this specification a number of terms are used which are well known to a skilled
addressee. Nevertheless for the purposes of clarity a number of terms will be defined.

As used herein, the term “unsubstituted” means that there is no substituent or that the
' only substituents are hydrogen.

The term "optionally substituted” as used throughout the épeciﬁcation denotes that the
group may or mayv not be further substituted or fused (so as to form a condensed polycyctic -
systém), with one or more non-hydrogen substituent groups. In certain embodiments the
substituent groups are on& or more groups independently selected from the group consisting
of halogen, =0, =S, -CN, -NO,, -CFj, -OCF,, alkyl, alkenyl, alkynyl, haloalkyl, haloalkeny!.
haloalkynyl, heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalky/l, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl, heteroarylalkyl, arylalkyl, cycloalkylalkenyl,
heterocycloalkylalkenyl, arylalkenyl, heteroarylalkenyl, - cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, arylheteroalkyl, heteroarylheteroalkyl, hydroxy, hydroxyalkyl,
alkyloxy, alkyloxyalkyl,  alkyloxycycloalkyl, alkyloxyheterocycloalkyl, a‘IkonxyaryI,
alk))lotheteroaryl, alkyloxycarbonyl, . alkylaminocarbonyl,  alkenyloxy,  alkynyloxy,
cycloalkyloxy, cycloalkenyloxy, heterocycloalkyloxy, heterocycloalkenyioxy, arylbx_y, phenoxy,
benzyloxy, heteroaryloxy, arylalkyloxy, amino, alkylamino, acylamino, aminoalkyl, arylamino,
sulfonylamino,  sulfinylamino, sulfohyl, alkylsulfonyl, arylsulfonyl, aminosulfony!, sulfinyl,
alkylsulfiny’l‘,_ arylsulfinyl, aminosulfinyiaminoaikyl, ~-C(=0)OH, -C(=O)Re, -C(=0)OR?®,
C(=O)NR°R!, C(=NOH)R®°, C(=NR)NR'R?, NR°R, NR°C(zO)R’, NR°C(-O)OR'.
NReC(=O)NR'R?, NRT(:NR')NR‘-‘R“, NR®SO;R', -SR®, SO.,NR°R', -OR® OC(=O)NR°R',
OC(=0)R? and acyl, ‘

wherein R®, R, R?and R" are each independently selected from the group consisting
of H, Ci-Cioalkyl, Ci-Cizhaloalkyl, Cp-Cizalkenyl, Co-Ciealkynyl, Ci-Cioheteroalkyl, Cs-
Ciocycloalkyl, Cs-Cyocycloalkenyl, Ci-Cysheterocycloalkyl, C1-thetérocycloalkenyl,' Ce-
Cygaryl, C,-Cygheteroaryl, and acyl, or any two or more of R®, R®, R° and RY, when taken
together with the atoms to which they are attached form a heterocyclic ring system with 3 to
12 ring atoms. | ‘

In some embodiments each optional substituent is independently selected from the
group consisting of: halogen, =O, =S, -CN, -NO,, -CFs, -OCFs, alkyl, alkenyl, alkynyl.
haloalkyl, haloalkenyl, haloalkynyl, -heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloatkyl.
heterocycloalkenyl, aryl, heteroaryl, hydroxy, hydroxyalkyl, alkyloxy, alkyloxyaikyl,
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alkyloxyaryl, alkyloxyheteroaryl, alkenyloxy, alkynyloxy, cycloalkyloxy, cycloalkenyloxy,
heterocycloalkyloxy, heterocycloalkenyloxy, aryloxy, heteroaryloxy, zirylalkyl, heteroarylélkyl.
arylélkyloxy, amino, alkylarﬁino, acylamino, aminoalky!l, arylamino, sulfonyl, alkylsulfonyl,
arylsulfonyl, aminosulfonyl, aminoalkyl, -COOH, -SH, and acyl. !

Examples of particularly suitable optiohal substituents include F, Cl, Br, 1, CHs,
'CHzCHj;, OH, OCHs, CF3, OCF3, NO,, NH,, and CN. '

In the definitions of a number of substituents below it is stated that “the group may be
" a terminal group or a_bridging group”. This is intended to signify that the use of the term is

intended to encompass the situation where the group is a linker between two other portions of
the molecule as well as where it is a terminal moiety. Using the term alkyl as an example,
some publications would use the term “alkylene” for a bridging group and hence in these
other publicatio_ns there is a distinction between the terms “alkyl” (terminal group) and
“alkylene” (bridging group). In the present application no such distinction is made and most
groups may be either a bridging group or a terminal group. ’

"Acyl" means an R-C(=0)- g'ro‘up in which the R group may be an alkyl, cycloalkyl,
heterocycloalkyl, éryl or heteroaryl Qroup as defined herein. Examples of acyl include acefyl
and benzoyl. The group may be a terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the molecule through the carbonyl carbon.

"Acylamino” means an R-C(=0)-NH- group in which the R group may be an alkyl,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl group as defined herein. The group may be a
terminal gr'oup or -a bridging group. If the group is a terminal group it is bonded to the
remaindér of the molecule througvh the nitrogen atom. '

"Alkenyl" as a group-or part of a group denotes an aliphatic hydrocarbon group
containing at least one carbon-carbon double bond and which rhay be straight or branched
preferably having 2-12 carbon atoms, more preferably 2-10 carbon atoms, most preferably 2-
6 carbon atoms, in the normal chain. The group may contain a plurality of double bonds in
the normal chain and the orientation about each is independently E or Z. The alkenyl group is
preferably a 1-alkenyl group. Exemplary alkenyl groups include, but are not limited to,
‘ethenyl, propenyl, butehyl, pentenyl, hexenyl, heptenyl, octenyl and nonenyl. The group may
“be a-terminal group or a bridging group.
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"Alkenyloxy" refers to an alkenyl-O- group in which alkényl is as defined herein.
Preferred alkenyloxy groups are C,-Ce alkenyloXy groubs. The group m'ay be a terminal
group or a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the oxygén atom. '

"Alkyl" as a group or part of a group refers to a straight or branched aliphatic
hydrocarbon group, preferably a C,—C,, alkyl, more preferably a C,-C,, alkyl, most preferably
Ci-Cs unless otherwise noted. Examples of suitable straight and branched C,-Cg alkyl
" substituents include methyl, ethyl, n-propyl, 2- propyl n-butyl, sec-butyl, t-butyl, hexyl, and the
‘like. The group may be a terminal group or a brudglng group

"Alkylamino" includes both mono-alkylamino and dialkylamino, unless specified.

"Mono-alkylamino" means an Alkyl-NH- group, in which alkyl is as defined herein.
‘ “Dialkylamino" means a (alkyl).N- group, in which each alkyl may be the same or different
and are each as defined herein for alkyl. The alkyl group is preferably a Cy-Csalkyl group.
The group may be a terminal group or a bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the nitrogen atom.

"Alkylaminocarbonyl" refers to a group of the formula (Alkyl)¥(H)yNC(¥O)- in which
alkyl is as defined herein, x is 1 or 2, and the sum of X+Y =2. The group may be a terminal
group or a bridging group. If the group is a terminai group it is bonded to the remainder of the
molecule through the carbonyl carbon. '

“Alkyloxy" refers to an alkyl-O- group in which alkyl is as defined herein. Preferably
“the alkyloxy is a C,- Cealkyloxy Examples include, but are not limited to, methoxy and ethoxy
The group may be a terminal group or a bridging group.

"Alkyloxyalkyl" . refers to an alkyloxy-alkyl- group in which the alkyloxy and alkyl
moieties are as defined herein. The group may be a terminal group or a bridging grdup It
the group is a terminal group it is bonded to the remainder of the molecule through the alkyl

group.

"Alkyloxyaryl" refers to an alkyloxy-aryl- group in which the alkyloxy and aryl moieties ‘
are as defined herein. The group may be a terminal group or a bridging group. If the group is
a terminal group it is bonded to the remainder of the molecule through the aryl group.
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: “Alkyloxycérbonyl“ refers to. an alkyl-O-C(=0)- group'in which alkyl vis as defined
herein. The alkyl group is preferably a C,-Ce alkyl group. Examples include, but are not
limited to, methoxycarbonyl and ethoxycarbonyl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is bonded to the remainder of tbhe molecule
throﬂgh the carbonyl carbon. . ’

"Alkyloxycycloalkyl" fefers to an alkyloxy-cycloalkyl- group in which the alkyloxy and
cycloalkyl moieties are as defined herein. The-'group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the molecule ihrough
the cycloalkyl group. '

"Alkyloxyheteroaryl" refers to an alkyloxy-heteroaryl- group in whiéh the alkyloxy énd
“heteroaryl moieties are as defined herein. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the molecule through
the heteroaryl group. |

"Alkyloxyheterocycloalkyl" refers to an alkyloxy-heterocycloalkyl- group in v\;hich the
alkyloxy and heterocycloalkyl moieties are as defined herein. The group may be a terminal
group or a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through thé heferocyclbalkyl grdup. o

"Alkylsulfinyl" means an alkyl-S-(=0)- group in which alkyl is as defined herein. The
alkyl group is preferably a C,-Cs alkyl group. Exemplary alkylsulfinyl groups include, but not
Iimited to, methylsulfinyl and ethylsuifinyl. The group may be a terminal group or a bridging
group. If the group is a terminal group it bis bonded to the remainder of the molecule through
the sulfur atom. | ’

"Alkylsulfonyl" refers to an alkyl-S(:O)g- group in which alkyl is as defined above. The
alkyl group is preferably a C;-Csalkyl group.: Examples include, but not limited to
methylsulfonyl and ethylsuifonyl. The group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the remainder of the molecule through the.sulfur
atom.

"Alkynyl” as a group or part of a group means an aliphatic hydrocarbon. grou‘p
containihg- a carbon-carbon triple bond and which may be straight or branched preferably
having from 2-12 carbon atoms, more preferably 2-10 carbon atoms, more preterably 2-6
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carbon atoms in the normal chain.. Exemplary structures include, but are not limited to.
ethynyl and propynyl. The group may be a terminal group or a bridging group.

- "Alkynyloxy" refers to an alkynyl-O- group in which alkynyl is as defined herein.
Preferred alkynyloxy groups are C1-Cealkynyloxy groups. The group may be a terminal group
or a bridging group. If the group is a terminal group it is bonded to the remainder. of the
molecule through the oxygeh atom. : -

"Aminoalkyl" means an NH,-alkyl- group in which the alkyl group is as defined herein.
The group may be a terminal group or a bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the alkyl group.

"Aminosulfonyl" méans an NH,-S(=0),- group. The group rﬁay be a terminal group or
a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the sulfur atom. '

"Aryl" as a group or part of a group denotes (i) an optionally substituted rhonocyclic, or
fused polycyclic, aromatic carbocycle (ring structure having ring atoms that are all carbon)
preferably having from 5 to 12 atoms per ring. Examples of aryl groups include phen'yl,
naphthyl, and the like; (ii) an optionally substituted partially saturated bicyclicvaromaticv
carbocyclic moiety in which a phenyl and a Cs.}cycloalkyl or Cs.scycloalkenyl group are fused
together to form a cyclic structure, such as tetrahydronaphthyl, indenyl or indanyl. The group
méy be a terminal group or a bridging group. 'Typically én aryl group is a Cg-Cig aryl group. .

"Arylalkenyl" means an aryl-alkenyl- grdup in which the aryl and alkenyl are as defihed
herein.‘ Exemplary aryIaI!«enyI ‘groups include phenylallyl. The group may be a terminal
gro'up or a bridging group. If the Qroup is a terminal group it is bonded to the remainder of the
molecule through the alkeny] group.

"Arylalle" means an aryl-alkyl- group in which the aryl and alkyl moieties are as
defined herein. Preferred arylalkyl groups contain a C‘.5alkyI‘ moiety. Exemplary arylalky!
groups include benzyl, phenethyl, 1-naphthalenemethyl and 2-naphthalenemethyl. The group
may be a terminal group or a bridging group. If the groub is a terminal group it is bonded fo
the remainder of the molecule thrbugh/the alkyl group. '
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“Arylalkyloxy" refers to an aryl-alkyl-O- group in which the alkyl and aryl are as defined
herein. The group may be a terminal group or a bridging group. If the group is a terminal
group it is‘bonded to the remainder df the molecule through the oxygen atom.

"Arylamino” includes both ~mono-arylamino and ‘di-arylamino unless specified.
Mono-arylamino means a group of formula. aryINH-, in which arylvis as defined herein.
Di-arylamino means a group of formula (aryl);N- where ‘each aryl may be the same or
different and are each as defined herein for aryl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is bonded to the remainder of the molecule
through the nitrogen atom.’

"Arylheteroalkyl” means an aryl-heteroalkyl- group in which the aryl and heteroalkyl
moieties are as defined herein. The group may be a terminal group or a bridging group. If
the group is a terminal group it is bonded to the remainder of the molecule through the
heteroalkyl group.

"Aryloxy" refers to an aryl-O- group in which the aryl is as defined herein. Pretferably
the aryloxy is a Ce-Cysaryloxy, rhore preferably a Cg-Cyoaryloxy. The grOdp may be a términal
group or a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the oxygen atom.

"Arylsulfonyl" means an aryI-S(;O)z- group in which the aryl group is as defined
herein. The group may be a terminal group or a bridging group. If the group is-a termrnal
group it is bonded to the remainder of the molecule through the sulfur atom.

A “bond" is a linkage betweeh atoms in a compound or molecule. The bond may be a
single bond, a double bond, or a triple bond. ’

"Cycloalkenyl" means a non-aromatic monocyclic or multicyclic ring system containing
at least one carbon-carbon double bond and preferably having from 5-10 carbon atoms per
ring. Exemplary monocyclic cycloalkenyl rings include cyclopentenyl, cyclohexeny! or
cycloheptenyl. The cycloalkenyl group rhay be ‘substituted by one or more substituent
groups. A cycloalkenyl group typically is a C3-Cy> alkenyl group. The group may be a
terminal group or a bridging group.

"Cycloalkyl" refers to a saturated monocyclic or fused or spiro polycyclic, carbocycle
preferably containing from 3 to 9 carbons per ring, such as cyclopropyl, cyclobutyl,
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cyclopentyl, cyclohexyl and the like, unless otherwise specified. It includes monocyclio
systems such as cyclopropyl and cyclohexyl, bicyclié systems such as decalin, and polycyclic
systems such as adamantane. A cycloalkyl g'roup typically is a Cs-Cs, alkyl group. The group
may be a terminal group or a bridging group. ’ ‘

"Cycloalkylalkyl" means a cycloalkyl-alkyl- group in which the cycloalkyl and alkyl
moieties are as defined herein. Exemplary monocycloalkylalkyl groups include
cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl and cycloheptylmethyl. The group
may be a terminal group or a bridging group. If the group is a terminal group it is bonded to
the remainder of the molecule through the alkyl group.

"Cycloalkylalkenyl" means a cycloalkyl-alkenyl- group in ‘which the cycloalkyl and

alkenyl moieties are as defined herein. The group may be a terminal group or a bridging

' group. If the group is a terminal group it is bonded to the remainder of the molecule through
the alkenyl group.

"Cycloalkylheteroalkyl" means a cycloalkyl-heteroalkyl- group in which the'cycloalkyl.

‘and heteroalkyl moieties are as defined herein. The group may be a .terminal group or a

- bridging group. If the group is a terminal group it is bonded to the remainder of the molecule
through the heteroalkyl group.

"Cycloalkyloxy" refers to a cycloalkyl-O- group in which cycloalky! is as defined herein.
Préferably the cycloalkyloxy is a C,-Cscycloalkyloxy. Examples include, but are not limited to.
cyclopropanoxy and cyclobutanoxy. The group may be a terminal group or a bridging group
If the group is a terminal group it is bonded to the remainder of the molecule through the
oxygen atom. B '

. "Cycloalkenyloxy" refers to a cycloalkenyl-O- group in which the cycloalkenyl is as
defined herein. Preferably the cycloalkenyloxy is a C1-Cacycloalkenyloxy. The group may be
a terminal group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the oxygen atom.

“Haloalkyl” refers to an alkyl group as defined herein in which one or more of the
hydrogen atoms has been replaced with a halogen atom selected from the group consisting
of fluorlne chlorine, bromine and iodine. A haloalkyl group typically has the formula C.Hn.

' mXm Wherein e_ach X is independently selected from the group consisting of F, CI. Brand I." In
'groups of this type n is typically from 1 to 10, more preferably from 1 to 6, most preferably 1 to
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3. mis typically 1 to 6, more preferably 1 to 3. Examples of haloalkyl include fluoromethy},
difluoromethyl and trifluoromethyl. '

“Haloalkenyl” refers to an alkenyl group as defined herein in which one or more of the
hydrogen atoms has been replaced with a halogen atom independently selected from the
group consisting of F, Cl, Br and I. ‘

“Haloalkynyl" refers to an alkyny! group as defined herein in which one or more of the
hydrogen atoms has been replaced with a halogen atom independently selected from the
group consisting of F, Cl, Brand I. ‘

"Halogen" represents chlorine, fluorine, bromine or iodine.

“Heteroalkyl" refers toa straight- or branched-chain alkyl group preferably having from
21012 carbons, more preferably 2 to 6 carbons in the chain, in which one or more of the
carbon atoms’(and any .associated hydrogen atoms) are each independenily replaced by a
hete'roatomic group selected from S, O, P énd NR’ where R' is selected from the group
consisting of H, optionélly substituted C,-Cyqalkyl, optionally substituted Cj-C,.cycloalkyl,
optionally substituted Ce-Cisaryl, and optionally substituted C,-Cygheteroaryl. Exemplary
heteroalkyls include alkyl ethers, secdndary and tertiary alkyl amines, amides, alkyl sulfides,
and the like. Examples of heteroalkyl'also include hydroxyC,-Csalkyl, C,-CsalkyloxyC;-
Csalkyl, aminoC;-Cgalkyl, C1-Ce'alkylaminoC1-Csalkyl, and di(C,-Cgalkyl)aminoC,-Cealkyl. The
group may be a terminal group or a bridging group. o

"Heteroalkyloxy" refers to a heteroalkyl-O- group in which heteroalky! is as defined
herein. Preferably the heteroalkyloxy is a C,-Cgheteroalkyloxy. The group may be a terminal
group or a bridging grbup. ‘

"Heterbaryl" either alone or part of a group refers to groups containing an aromatic
ring (preferably a 5 or 6 membered aromatic ring) having one or more heteroatoms as ring
atoms in the aromatic ring with the remainder of the ring atoms being carbon atoms. Suitable ,
‘heteroatoms include nitrogen, oxygen and sulphur. The group may be a monocyclic or
bicyclic heter,oarYl group. Exampies of heteroaryl include thiophene, benzothiophene,
benzofuran, benzimidazole, benzoxazole, benzothiazole, benzisothiazole, naphtho[2,3-
bJthiophene, furan, isoindolizine, xantholene, phenoxatine, pyrrole, imidazole, pyrazole,
pyridine, pyrazine, pyrimidine, pyridazine, tetrazole, indole, isoindole, 1H-indazole, purine,
quinoline, isoquinoline, phthalazine, naphthyridine, ‘quinoxaline, cinnoline, . carbazole,
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phenanthridine, acridine, phenaiine, thiézole, isothiazole, phenothiazine, oxazole, isooxazole,
furazane, phenoxazine,"Z-,IB- or 4- pyridyl, 2-, 3-, 4-, 5-, or 8- quinolyl, 1-, 3-, 4-, or 5-
isoquinoliny! 1-, 2-, or 3- indolyl, and 2-, or 3-thienyl. A heteroaryl group is typically a Cy-
Cigheteroaryl group. The group may be a terminal grbup or a bridging group. ’ v

"Heteroarylalkyl” means a heteroaryl-alkyl group in which the heteroaryl and alky!
moieties are as defined herein. Preferred heteroarylalkyi groups contain a lower alkyl' moiety.
Exémplary heteroarylalkyl groups incl'uqe pyridylmethyl. The group may be a terminal group

. or a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the alkyl group. ‘ ‘

"Heteroarylalkenyl“' means a heteroaryl-alkenyl- group in which the heteroaryl and
alkenyl moieties are as defined herein. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the'molecule through
- the alkenyl group.

"Heteroérylheteroalkyl" means a heteroaryl-heteroalkyl- group in which the heteroéryl
~and heteroalkyl moieties-are as defined herein. The group may be a terminal group or a
bridging group. If the grodp is a terminal group it is bbonded to the remainder of the molecule
through the heteroalkyl group:

' "Heteroaryioxy" refers-to a heteroaryl-O- group in which the heteroary! is as defined

herein. Preferably the heteroaryloxy is a C,-Cigheteroaryloxy. The group may be a terminal

_group or a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the oxygen atom. ‘

“Heterocyclic” refers to saturatéd, partially unsaturated or fully unsaturated
monocyclic, bicyclic or polycyclic ring system containing at least one heteroatom selected
from :th'e group consisting of nitrogen, sulfur and oxygen as a ring étom Examples of
heterocyclic moieties include heterocycloalkyl, heterocycloalkeny! and heteroaryl.

"Heterocycloalkenyl" refers to a heterocycloalkyl  group as defined herein but
containing at least one. double bond. ‘A heterocycloalkeny! group typically is a C,-
Cizheterocycloalkenyl group. The group may be a terminal group or a bridging group.

"Heterocycloalkyl" refers to a saturated monocyclic, bicyclic, or polycyclic r'ing
containing at least one heteroatom selected from nitrogen, sulfur, oxygen, preferably from 1
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to 3 he.teroatom's in at least one ring. Eéch ring is prefefably from 3 to 10 rﬁémbered, more -
preferably 4 to 7 membered. Examples of suitable heterocycloalkyl substituents include
pyrrolidyl, tetrahydrofuryl, tetrahydro{hiofuranyl, piperidyl, piperazyl, tetrahydropyranyl,
“morphilino, 1,3-diazapane, 1,4-diazapane, 1,4-oxazepane, and 1,4-oxathiapane. . A
heterocycloalkyl group fypically is a Cg-CQheterocycloalkyl group. The group may be a

" terminal group or a bridging group. o :

"Heterocycloalkylalkyl" refers to a heterocycloalkyl-alkyl- group in. which the
heterocycloalkyl and alkyl moieties are as defined herein. Exemplary heterocycloalkylalkyl
groups include (2-tetrahydrofuryl)methyl, (2-tetrahydrothiofuranyl) methyl. The group may be
a terminal group or a bridging group. If the group is a terminal group it is bonded to thé
rémainder of the molecule through the alkyl group. ' )

"Heterocycloalkylalkenyl” refers to a heterocycloalkyl-alkenyl-- group in which the
heterocycloalkyl and alkenyl moieties are as defined herein. The group may be-a terminal
group or. a bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the alkényl group. '

"Heterocycloalkylheteroalkyl" means a bheterocycloalkyl-héteroalkyl- group in which
" “the heterocycloalkyl and heteroalkyl moieties are as defined herein. The -group may be a
- terminal group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the heteroalky! group. '

"Heterocycloalkyloxy” refers to a heterocycloalkyl-O- ;group N which. the
heterocycldalkyl is as defined herein. Preferably the hetérocycloalkyloxy is a G-
Csheterocycloalkyloxy. The group may be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of the molecule through the oxygen-atom.

”Heterécwioalkenyloxy" refers to a heterocycloalkenyl-O- group in whibh

'heterocycloalkenyl is as defined herein. Preferably the Heterocycloalkenyloxy is a Cy-Cs

Heterocycloalkenyloxy. The group may be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of the molecule through the ox.ygen'aiom_.

“Hydroxyalkyl” refers to-an alkyl group as defined herein in which one or more of the
hydrogen atoms has been replaced with-an OH group. A hydroxyalkyl groUp tybically has the
formula CaHen1-9(OH), In groups of this type n is typically from 1 to 10, more preferably from
1 to 6, most preferably 1to 3. x is typically 1 to 6, more preferably 1 to 3.. v
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"Sulﬁnyl" means an R-S(=0)- group in which the R group may be OH,v alk);|. cycloalkyl.
heterocycloalkyl; aryl or heteroaryl group as defined herein. The group may be a’terminal
group or a bridging group: _lf the group is a lefminal group it is bonded to the remainder of the
molecule through the sulfur atom. ’ '

"Sulfinylamino" means an R-S(=0)-NH- group in which the R group may be OH, alkyl,

cycloalkyl, heterocycloalkyl; aryl or heteroaryl group as defined herein. The group may be a

" terminal group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the nitrogen atom.

"Sulfonyl" means an R-S(=0),-- group in which the R group may be OH, alkyl.
cycloalkyl, heterocycloalkyl; aryl or heteroaryl group as defined herein. The group may be a
terminal group or a bridging group.> If the group is a‘terr’hinal gfoup it is bonded to the
remainder of the molecule through the sulfur atom. ‘

"Sulfonylamino” means an R-S(=0),-NH- group. The group may be a terminal group
or a bridging group. If the group is a terminal group it is bonded to the remainder of the
- molecule through the nitrogen atom. '

It is understood that included in the family of compounds of Formula (1) are isomeric
forms including diastereoisomers, enantiomers, tautomers, and geometrical isomers in "E" or
"z conﬁgurétional isomer or a mixture of E and Z isomers. It is also understood that some
isomeric forms such as diastereomers, enantiomers, and geometrical isomers can be
separated by physical and/or chemical methods and by those skilled in the art. For those
compounds where there is the possibility of geometric isomerism the applicant has drawn the
isomer that the compound is thought .to be although it will be appreciated that the other
isomer may be the correct structural assignment. -

‘Some of the compounds of the disclosed embodiments may exist as single'
stereoisomers, racemates, and/or mixtures of enantiomers and /or diastereomers. All such
single stereoisomers, racemates and mixtures thereof, are intended to be within the scope of '
the subject matter described and claimed. v

Additionally, Formula (1) is intended to cover, where applicable, solvated as well as
‘unsolvated forms_of the compounds. Thus, each formula includes compounds having the
indicated structure, including the hydrated as well as the non-hydrated.forms.
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The term "pharmaceutically acceptable salts” refers to salts that retain the desired
‘biological activity - of the above-identified compounds, and include pharmaceutically
acceptable acid addition salts and base addition salts. Suitable pharmacedtically acceptéble
acid addition salts of.compounds of Formula (1) may be prepared from an inorganic acid or
from an organic acid. Examples of such inorganic acids are hydrochloric, sulfuric. and
phosphoric acid. Appropriate organic acids may be selected from aliphatic, cycloaliphatic.
aromatic, heterocyclic carboxylic and sulfonic c_lésses of organic acid's, examples of which are
formic, acetic, propanoic, succinic, glycolic, gluconic, lactic, malic, tartaric, citric, fumaric,
maleic, alkyl sulfonic, arylsulfonic., In a similar vein base addition salts may be prepared by
ways well known in the art using organic or inorganic bases. Example of suitable organic
bases include simple amines such as methylamine, ethylamine, triethylamine and the like.
Examples’ of suitable inorganic bases include NaOH,  KOH, and the like. Additional
information” on pharmaceutically acceptable salts can be  found in Remington's
Pharmaceutical Scienceé, 19th Edition, Mack Publishing Co., Eastoh, PA 1995. In the case
of agents that are solids, it is understood by those skilled in the art that the inventive
compounds, agents and salts may exist in different crystalline or polymorphic forms, all of
which are intended to be within the scope of the present invention and specified formulae.

The term "therapéutically effective amount" or "effective amount" is an amount.
sufficient to effect beneficial or desired clinical results. - An effective amount can be:
administered-in one or more administrations. An effective amount is typically sufficient to

palliate, ameliorate, stabilize, reverse, slow or delay the progression of the disease state.

As stated above the compounds of the invention have the formula (I):

V2 \% oRl '
1
|5 s
Vv V (@]
\Véi/

Formula (}):
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As with any group of structurally related compounds which possess a particular utility,
-certain embodiments of variables of the compounds of the Formula (1), are particularly useful
in their end use application. ' ) ' ‘

In some embodiments R' is H. In some embodiments R' is C;-Cealkyl. In some

embodiments R’ is a carboxylic acid protecting group.

In some embodiments Y is a bond. In some embodiments Y is a linking moiety. The
linking moiety can be any suitable moiety that provides a link between the aromatic ring and
the carboxyl n_ioiety. Examples of suitabIé_ linker moieties include 6ptional|y substituted C,-
Cizalkyl, optionally substituted C,-Cizalkenyl, optionally substituted C;-C‘g‘alkyhyl‘ optionalty
substituted C,-Cyzhaloalkyl, optionally subétituted C:-Cizheteroalkyl, optionally substituted Cs-
C1gcycfoalkyl, optionally  substituted Cs-Cyocycloalkenyl, optionally substituted Co-
Cizheterocycloalkyl, and optionally substituted C2-Cizheterocycloalkenyl.  Specific exarﬁples
of suitable linkers in¢|ude trans-ethenyl and the cyclopropyl group.

In the compounds of the invention a is an integer selected from the group consisting of
0, 1,2, 3, and 4. In some embodiments a is 0. In some embodiments a is 1. In some
embodiments ais 2. In some embodiments a is 3. In some embodiments a is 4.

In some embodiments of the compounds of the invention R'is H, Y is a bond and a is
0. This provides compounds of formula (l1):

Formula (1)
or a pharmaceutically acceptable salt thereof;

wherein R%, R3, W, X, V', V2, V°, V* and V® are as described above.
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in the compounds of the invention R? and R® are selected from the group consisting of
H and C,-Cgalkyl. Examples of suitable values for R? and R® are H, methy!, ethyl, isopropyl,
propyl, 2-ethyl-propyi, 3,3-dimethyl-propyl, butyl, isobuty!, 3,3-dimethyl-butyl, 2-ethyl-butyl,
pentyl, 2-methyl, pentyl, and hexyl. In some embodiments R* and R® are H. In some
embodiments R? and R® are methyl. '

In the corhpounds of the invention W is selected from N or CR®. In some
embodiments W is N. in some embod‘iments.W is CR®,

In some embodiments of the compounds of the invention R' is H, Y is a bond, a‘is 0
~and W is N. This provides compounds of formula (lla):

T
A o

Formula (Ila)

or a pharmaceutically acceptable salt thereof;
wherein B2, R?, X, V', V3, V3, V* and V® are as described above.

In some embodiments of the compounds of the invention R' is H, Y is a bond, a is 0
and W is CR%. This- provides compounds of formula (lib):
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Formula (l1b)

or a pharmaceutically acceptable sélt‘ihereof;
wherein R?, R%, R?, X, V', V2, V2, V* and V5 are as described above. _

In the compounds of the invention X is a bond or a linking mo:ety In some
embodiments X is a bond. In some embodiments X is a Ilnkmg moiety. In some embodiments
of the compounds of the invention X is a lmklng moaety selected from the group conystmg of
abond, —O-, -S-, -NR'-, NR'°C(=0)-, -C(=R"")- and ~(CR"R"),-:

wherein R'® is selected from the greup consisting of H, optionally substituted C,-
-Cyoalkyl, optionally substituted Cg-C12alkehyl, optionally substituted C,-C,.alkynyl, optionally
. substituted C1-C{2haloal'kyl, optionally substituted C,-Cjsheteroalkyl, optionally substituted Cs-

Cmcycloalkyl optionally 'substituted ‘ C,-Ciocycloalkenyl, optionally substituted Co-
C12heterocycloalkyl optionally substituted C-C;zheterocycloalkenyl, optlonally substituted Ce- .
Cisaryl, optionally substituted C;-Csgheteroaryl, optionally substltuted Cs- C1gcycloalkle1
C12alkyl, optionally substituted Cg-,C12heterocycIoalkyIC1-Cmalkyl, optionally substituted Ce-
CisarylCy-Ciealkyl, optionally substituted C,-CisheteroarylC;-Ciealkyl, SOs;H, SONR°R®,
SO,R®, SONR®R?®, SOR®, COR®, COOH, COOR®, CONR®R® and acyl;

wherein R'" is selected- from the group consisting of O, NR“‘ NOR™ and CR'R'®
wherein each R™ and R'® is independently selected from the group consisting of H, opt|onally
substituted C,-Cyoalkyl, optionally substituted C,-Ci.alkenyl, optionally substituted C,-
Cizalkynyl, optionally substituted C,-Ci;haloalkyl, optionally substituted C,-C,;heteroalkyl, _
optionally substituted Ca-'Cmcycloalkyl,' optionally substituted Cj-C,.cycloalkenyl, optionally
'substituted C,-Cizheterocycloalkyl, optionally substituted C,-Cyzheterocycloalkenyl, optionally
substituted Ce-Cysaryl, optionally substituted C,-Cisheteroaryl, optionally substituted Cs-
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CizcycloalkylCy-Cyzalkyl, optionally ‘substituted C,-CyzheterocycloalkylC,-Csaalkyl, optionally
_substitmed Cs-Cwaryl,CrC,zalkyl, thionally substituted CI-C1aheteroary|C,-C,2a|ky|, and acyl;

each R'? and R™ is independently selected from the group consisting of H, optionally
substituted C;-Cyalkyl, optionally substituted C,-Cjpalkenyl, optionally substituted C,-
Cizalkynyl, optionally substituted . Cy-Cszhaloalkyl, optionally substituted Cg-C,vgh‘eterOalkyl,
- “optionally substituted C3-Ci2‘cycloa_lkyl, optiona"y substituted C,-C,,cycloalkenyl, optionally
substituted C,-Cizheterocycloalkyl, optionally substituted. C,-Ci,heterocycloalkenyl. optionally
substituted Cs-Cgaryl, -optionalfy substituted C1—C,gheterdaryl, optionally substituted Cj-
Ci.cycloalkylCy-Cypalkyl, optionally substituted C,-C,zheterocycloalkylC,-C,.alkyl, optionally
- substituted Cs-CigarylC,-Cy,alkyl, optionally substituted C,-CigheteroarylC,-Cialkyl, and acyl,
or R and R™ on the same carbon atom when taken together form a cyclic moiety or R'? and
R on adjacent carbon atoms when taken together form a double bond:

. b is an integer selected from the group consisting of 0, 1, 2, 3 and 4;
In some embodiments X is a bond. In some embodiments X is —-O-, In. some
embodiments X is -S-. In some embodiments X is »-NR‘°—. In some embodiments X is

NR'°C(=0)-. In some embodiments X is -C(=R'")-. In some embodiments X is —(CR'?R"?),.

The com;‘)ounds of formula (1) contain a moiety of formula (B).

" IDL(
I
!

V\ /"3

Formula (B)

In some embodiments V2 is CR®. In some embodiments V2 is N. In some
embodiments V3 is CR®. In some embodiments V2is N. In some embodiments V*is CR®. In
some embodiments V*is N.

V' and V® are selected from the group consisting of N, CR” and CR® such that one of
V' and V® is CR® and the other is N or CR’. That is the point of attachment of the group X to
the aromatic ring occurs at either V' or V°. In some embodiments V' is CR”. In some
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~ embodiments V' is N. In'some embodiments V' is CR®. In some embodiments V* is CR”. In
some embodiments V® is CR®. In some embodiments V3 is N.

In some embodiments of the compounds of the invention R' is H, Y is a bond, a is 0,
Wis N, and V' is CR®. This provides compounds of formula (llla):

N

Re ' J\ i
R3 S .

X oV
Y -
N,

‘Formula (llla)

ora pharmaceutically acceptable salt thereof;
wherein R?, R?, X, V2, V3, V* and V® are as described above.

- In some embodiments 6f the compounds of the invention R' is H, Y is a bond, a is 0,
‘Wis N, and V®is CR®. This provides compounds of formula (l1b):
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Formula (l1ib)
ora pharmaceutiéally acceptable salt thereof;

wherein R?, R®, X, V', V2, V8 V* and V° are as described above.
In some embodiments of the compounds of the invention R' is H, Y is a bond, a is 0,
W is CR® and V' is CR®. This provides compounds of formula (lllc):

SOH

Formula (llic)

or a pharmaceutically acceptable salt thereof;
“wherein R?, R%, R, X, V%, V°, V*and V° are as described above.

In some embodiments of the compounds of the invention R’ is H, Y is a bond, a is 0, .
W is CR® and V° is CR®. This provides compounds of formula (lild):
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1 OH

RZ
" Formula (Illd)

or a pharmaceutically accept‘able salt thereof;
wherein R2, R%, R®, X, V', V3 V& and V* are as described above.

As a result of the combinations of V', V2, V3, V* and V5 in some embodiments of the
invention the moiety of formula (B) is selected from the group consisting of:

Re

R? ‘?71/

RS
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wherein R®and R is as defined above.

In some embodiments of the invention the moiety of formula (B) is a group of formula

wherein R®and R’ is as defined above. -

. In some embodiments of the invention the moiety-of formula (B) is a group of formula
R® '

wherein R® is as defined above.

In somé embodiments of the invention the moiety of formula (B) is a group of formula

wherein RE is as defined above.
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in some embodiments of the invention containing an R* moiety, each R* is
independently selected from the group consisting of H, halogen, OH, NO,, CN, SH, NH,, CF;,
OCF3;, C4-Cyzalky!'and C,-Cyzalkyloxy, or two R* on the sa.me carbon when taken together
form a =O moiety. In some embodiments each R* is independently selected from the group
consisting of H, OH, OCH,, OCH,CHj;, and NHBn. In a particularly preferred embodiment
each R*is H. ‘ |

In some embodiments of the' invention containing an R°® moiety, each R® is

independently selected from the group consisting of H, and C,-Calkyl.

In some embodiments of the invention each R® is independently selected from the
group consisting of H, »halogen,‘ OH, NO,, CN, 'SH, NH,, CF3, OCF;, Cy-Cyoalkyl and C;-
Cizalkyloxy. - '

S/

In some embodiments each R® is independently selected from the group consisting of
H, ‘CH,;, CH,CHa, CchH;CHg, CH(CHa)e, (CHz)ch'g‘ Cl, Br, F, I, OH, NO, NH,,
NHsochIZCHQCHa,_ CN, OCHjz, OCH,CH,CHj, OC¢Hs, OCH,CCH, OCH;cycloproply, CFy,
and OCF;. '

In some embodiments each R’ is independently selected from the group consisting of
H, CHs;, CH,CHj, CHgCHQCHS, CH(CHj3)2, (CH,)3CH;, Cl, Br, F, |, OH, NO,, NH,, CN, OCHj,
. OCH,CH,CHg3, CF3, and OCF;. ' :

In some embodiments of the compounds of the invention containing an R® group, the
R® group is selected from the group consisting of H, methyl, ethyl, isopropyl, prdpyl, 3,3-
dimethyl-propyl, butyl, isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, and hexyl. in some-
gmbodiments R® is selected from the group consisting of H, metﬁyl and ethyl. In éome
embodiments R is H. In some embodiments R® is methyl. In some embodiments R® is ethyl.

In some embodiments of the compounds of the invention containing an R'® group. the
R_‘° group is selected from the group consisting of H, methyl, cyclopropylmethyl, ethyl.
. isopropyl, probyl, cyclobropyl, 3,3-dimethyl-propyl, butyl,. isobutyl, cyclobutyl, 3.3~dimethyl»
butyl, 2-ethyl-butyl, pentyl, hexyl, phenyl and pyridine-2-yl. In some embodiments R'? is
selected from the group consisting of H, methyl and ethyl.b In some embodiments R'%is H. In
some embodiments R'? is methyl. In some embodiments R'® is ethyl.
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In some embodiments R'' is O. In some embodiments R' is NR™. In some
embodiments R'' is NOR'. In some embodiments R'' is CR"R'> '

In some enﬁbodiments of the compounds of the invention containing an R'? group or
R' group, the R or R group' is independently selected from the group consisting of H,
methyl, cyclopropylmethyl, ethyl, isopropyl, propyl, éyclopropyl, 3,3-dimethyl-propyl, butyt,
isobutyl, 3,3#dimethyl-butyl, 2—ethyl-butyl, pentyl, and hexyl. ‘

In some embodiments of the compounds of the invéntion containing an R'* group or
R'® group, the R or R'® group is independently selected from the group consisting of H.
methyl, cyclopropylmethyt, ethyl, isopropyl, propyl, cycloprobyl, 3,3-dimethyl-propyl, butyl.
isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, and hexyl.

Many if not all of the variables discussed above may be optionally substituted. If the
variablé is optionally substituted then in some embodiments eéch optional substituent is
independently selected from the group consisting of halogen; =0, =S, -CN, -NO,, -CF;,
-OCF3, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, a’ry'l, heteroaryl, cycloalkylalkyt,
heterocycloalkylalkyl, heteroarylalkyl, arylalkyl, cycloalkylalkenyl, heterocycloalkylalkenyl,
arylalkenyl, heteroarylalkenyl, cycloalkylheteroalkyl, ‘heterocycloalkylheteroatkyl,
arylheteroélkyl, heteroaryl‘heteroalkyL hydrdxy, hydroxyalkyl, alkyloxy, alkyloxyalkyl,
alkyloxycycloalkyl, alkyloxyheterocycloalkyl, ~  alkyloxyaryl, alkyloxyheteroaryl‘.
“alkyloxycarbonyl, atkylaminocarbonyl, aikenyloxy, alkynyloxy, cycloalkyloxy,'cycloalkenyloxy{
heterocycloalkyloxy, heterocycloalkenyloxy, aryloxy, phenoxy, - benzyloxy, heteroaryloxy.
arylalkyloxy, amino, alkylamino,. acylamino, aminoalkyl, arylamino, sulfonylamino,
sulfinylamino, sulfonyl, alkylsulfonyl, arylsulfonyl, aminosuifonyl, sulfinyl, alkylsulfinyl,
arylsulfinyl, aminosulfinylaminoalkyl, -C(=O)OH, -C(=0)R®, -C(=0O)ORS®, C(;O)NRGH',
C(=NOH)R®, C(=NR°®)NR'R?, NR°R', NR°C(=O)R!, NR°C(=O)OR', NR°C(=O)NR'R?,
NReC(=NR')NR£’R", NR®SO;R', -SR?, SO,NR°R', -OR®, OC(=O)NR"R',» OC(=0)R° and acyl, i

wherein R, R', R%and R" are each fndependently selected from the group consisting
of H, C;-Cyoalkyl, C1-C12halpalkyl, 'Cg-Cwalkenyl, Co-Cyalkynyl, 'C1-C1oheteroalkyl, Cs-
Cmcyclbalkyl,v Cs-Ciocycloalkenyl, C;-C12he1erOCyc|oaIkyI, Ci-Cizheterocycloalkenyl, © Ce-
Chearyl, C,-Cysheteroaryl, and acyl,.or any two or more of R®, R°, R® and R®, when taken
together with the atoms to which they are attached form a heterocyclic ring system with 3 to
12 ring atoms. '
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In some embodiments each optional substituent is independently selected from the
group consisting of: F, Cl, Br, =0, =S, -CN, -NO,, alkyl, alkenyl, heteroalky!, haloalkyl, alkynyl,
aryl, cycloalkyl,” heterocycloalkyl, heteroaryl, hydroxy, hydroxyalkyl, alkoxy, alkylamino,
aminoalkyl,. acylamino, “phenoxy, alkoxyalkyl, benzyloxy, alkyléulfonyl, arylsulfonyl,
aminosulfonyl, -C(O)OR", COOH, SH, and acy!.

In some ‘embodiments each optional substituent is independe’ntly selected from the
group consisting of: F,’ Br, Cl, =0, =8, -CN methyl, trifluoro-methyl, ethyl, 2,2_,2-triflu6roethy|,
isopropyl, propyl, 2-ethyl-propyl, 3,3-dimethyl-propyl, butyl, isobutyl, 3,3-dimethyl-butyl, 2-
ethyl-butyl, pentyl, 2-methyl-pentyl, pent-4-enyl, hexyl, heptyl, octyl, phenyl, NH,, -NO,,

" phenoxy, hydroxy, methoxy, trifluoro-methoxy, ethoxy, and methylenedioxy.

In some embodiments-each optionai substituent is independently sel‘ec'ted from the
group consisting of H, CHs, CH,CHs, CH,CHCH;, CH(CHa),, (CH2);CH; Cl, Br, F, I, OH, NO,.
NHg, CN, OCHg, OCHZCHQCHS, CF3, and OCF3 .

Alternatively, two optional substituents on the same moiety when taken together may
be joined to form a fused cyclic substituent attached to the moiety that is optionally
substituted. Accordingly- the term optionally subsfituted includes a fused ring such as a
cycloalkyl ring, a heterocycloalkyl ring, an aryl ring or a heteroaryl! ring.

In addition to compounds of formula |, the embodiments disclosed are also directed to
pharmaceUticaIIy acceptable salts, pharmaceuﬁcally acceptable N-oxides, pharmaceutically
acceptable prodrugs,v and pharmaceutically active. metabolites of such compounds." and
. pha_(maceUtically acceptable salts of such metabolites.

The invention also relates to pharmaceutical compositions including a compound of
the invention and a pharmaceutically acceptable carrier, diluent or excipient.

Specific compounds of the invention include the following:
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S’U\wa S'/J\N /O/\//ZO;

or pharmaceutically acceptéble salt, or prodrug thereof.

"The compounds of the invention are agonists of RXR's and therefore have the ability
to activate these receptors. The ability activate the receptors may be a result of the
compounds acting directly and solely on the receptor to modulate/potentiate biological
activity. However, it is understood that the compounds méy also act at least pértially on other

factors associated with the activity of the receptor.

The activation of an RXR may be carried out in any of a number of ways known in the
art. For example if activation in vitro is desired an appropriate amount of the compound may
. be added to a solution containing the RXR. In circumstances where it'is desiréd to activate
RXR in a mammal, the activation of the RXR typically involves ad'ministéring the compound to
a mammal containing the RXR. '
Ina further aspect the present invention provides a method of prevention or treatment
of a condition in a mammal, the method comprising administering an effective amount of a
‘compound of the invention. In one embodiment the condition is a condition that can be
treated by activation of RXR.

in yet an even further aspect the invention provides the use of a compound of the
invention in the preparation of a medicament for the treatment of a condition in a mammal. In
-one embodiment the condition is a condition that can be treated by activation of RXR.



WO 2015/107549 PCT/IN2015/000010
42

In yet an. even further aspect the invention provides the use of a compound of the
invention in the treatment of a condition in a mammal. In one embodiment the condition is a
condition that can be treated by activation of RXR.. '

In some embodiments the condition is selecfed from the group consisting of Cancers
such as premalignant and malignant hyperproliferative diseases such as cancers of 1he. ’
breast, pancreas, skin, prostate, cervix, uterus, colon, bladder, esophagus, stomach, lung,

" larynx, Liver, oral cavity, pancreas, blood and lymphatic system, metaplasias, dysplasias. -
neoplasias, leukoplakias and papillomas of the mucous membranes and in the treatment of
Kaposis sarcoma, Cutaneous T Cell Lymphoma, promyeloéytic leukemia, Non-Small-Celt
Lung Cancer, Kidney Cancer (Advanced Renal Cell Cancer), Gastrointestinal Cancer,
Mesothelioma, Bronchial Metaplasia; Skin disorders such as Dermatitis (Severé Chronic
Hand Eczema in Adults) Psoriasis (Severe Plaque Psoriasis), Alopecia (Hair Loss), actinic
keratoses, arsenic keratoses, inflammatory and non-inflammatory acne, psoriasis, ichthyoses
and other keratinization and hyperproliferative disorders of the skin, eczemé, atopic
dermatitis, Darriers disease, lichen planus, prevention and reversal of glucocorticoid damage
(steroid atrophy), as a topical anti-microbial, as skin pigmentatibn agents and to treat and
reverse the effects of age and photo damage to the skin; Metabolic Diseases such as
diabetes, Type il Diabetes, Obesity, Hyperglycemia, Hypercholester'imia, Hypertriglyceridimia;
hyperinsulinaemia, Cardio vascular Diseases including diseases associated with lipid

- metabolism such as dyslipidemias, prevention of restenosis and as anvageht to increase the
level of circulating tissue plasminogen activator (TPA), NASH, Steatosis, - Steatohepatitis,

. Cirrhosis; liver disease, Fibrosis including Pulmonary fibrosis, renal fibrosis and liver fibrosis,
Eye disorders such as proliferative vitreoretinopathy (PVR), retinal detachment, -dry eye and

_other corneopathies; and Inflammatory Diseases, inflammation, bxidative stress, pulmonary
fibrosis, ileitis, colitis and Krohn's disease; neurodegenerétive diseases such as AIzheimer"s ‘
disease, Parkinson's disease and Amyotrophic Lateral Sclerosis (ALS), Multiple sclerosis,
improper pituitary function, including insufficient production of growth hormone, modulation of
apoptosis, 'including' both the induction of apoptosis and inhibition of T-Cell activated
'apoptosis. restoration of hair growth and multiple sclerosis. '

In some embodiments the condition is diabetes. In some embodimenfs the condition
is type Il diabetes. In some -embodiments the condition is obesity. In some embodiments the
condition is ca,rdiovaséular disease. '
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~The compounds of the invention may also bé used to provide a number of beneficial
effects to a mammal. Examples of beneficial effects that may be provided include increasing
muscle endurance, improving cardiac function and achieving an exercise mimetic effect.

In one embodiment the“beneficial effect is increasing muscle endurance in a mammal.
In one embodiment the beneficial effect is imbroving cardiac fuhction_ in a mammal. Examples
of cardiac function that may be improved include stroke work, stroke volume, ejection fraction -
and ventricular refilling. In one embodiment the beneficial effect is achieving an exercise
mimetic effect in a mammal. -

Administratidn of compounds v‘vit‘hin Formula (l) to humans can be by an;/ of the
accepted modes for enteral administration such as oral or rectal, or by parenteral
administration” such as éubcutanéous, intramuscular, intravenous and intradermal routes.
Injection can be bolus or via constant or intermittent infusion.. The active compound is
typically included in a pharmaceutically aicceptable carrier o.r diluent and in an amount
sufficient to deliver to the patient a t'herapeutically effective dose. In various embodiments the
activator compound may be selectively toxic.or more toxic to rapidly proliferating cells, e.g.
cancerous tumours, than to normal cells. ,

’ In using the compounds of the invention they can be administered in any form or
mode which makes the compound bioavailable. One skilled in the art of preparing '
formulations can readily select the proper form and mode of administration depending upon
the particular characteristics of the compound selected, the condition to be treated, the stage
of the condition to be treated and other. relevant circumstances. We refer the reader to
Remingtons Pharmaceutical Sciences, 19" edition, Mack Publishing Co. (1995) for further
information. ' ’

The compounds of the present invention can be administered alone or in the form of a

~ pharmaceutical composition in combination with a pharmaceutically acceptable carrier,

diluent or excipient. The compounds of the invention, while effective themselves, are typically

formulated and administered in the form of their pharmaceutically acceptable salts as these
forms are typically more stable, more easily crystallised and have increased solubility.

The compounds are, however, typically used in the form of pharmaceutical
compositions which are formulated depending on  the desired mode of administration. As
such in some embodiments the present invention provides a pharmaceutical composition
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incIUdihg a compound of Formula () and a pharmaceutically acceptable carrier, diluent -or
excipient. The compositions are prepared in manners well known in the art.

The invention in other embodiments provides a pharrﬁaceutical pack or kit comprising :
one. or more containers filled with one or more of the 'ingredients of the pharmaceutical
compositions of the invention. In such a pack or kit can be found a container héving' a unit
dosage of the agent(s). The kits can inclﬁde a composition Comprising an effective agent
either as concentrates (inciuding lyophilized compositions), which can be diluted further prior
to use or they can be provided at the concentration of use, where the vials may include one or
more dosages. 'Convenient'ly, in the Kits, single dosages can be provided in sterile vials so
that the physician can employ fhe vials directly, where the vials will have the desired amount
and concentration of agent(s). Associated with such container(s) can be various written
materials such as instructions for use, or a notice in the form prescribed by a-governmental
agency regulating the manufacture, use or sale of pharmaceuticals or biological products;
which notice reflects approval by the agency of mandfacture, use or sale for human
administration. '

The compounds df the invention may be used or administered in combinétion with one
or more-'additional drug(s) for the treatment of the disorder/diseases mentioned. The
components can be administered in the same formulation or in separate formulations. If
administered in separate formulations the compounds of the invention may be adrhinistered
sequentiglly or simultaneously with the other drug(s). ‘

In addition to being able to be administered in combination with one or more additional
drugs, the compounds of the invention may be used in-a combination therapy. When this is
done the compounds are typically administered in combination with each other. Thus one or
.more of the compounds of the invention may be administered either simuhan_éouély (as a
.combined preparation) or sequentially in order to achieve a desired effect. This is especially
-desirable where the therapeutic profile of each compound is different such that the combined
effect of the two drugs provides an.improvéd therapeutic result. '

Pharmaceutical compositions of this invention for parenteral injection comprise
pharmaceutically _acéeptable sterile _agueous or nonaqueous solutions, dispersions,
suspensions or emulsions as well as sterile powders for reconstitution into sterile ‘injectable -
solutions or dispersions just prior to use. Examples-of suitable aqueous and nonaqueous
carriers, diluents, solvents or vehicles include water, ethanol, polyolé (such as’ glycerol,
propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable
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oils (such as olive oil), and injectable orgahic esters such as ethyl oleate. Proper fluidity can
be maintained, for example, by the use of coating materials -such as lecithin, by the -
maintenance of the required particle size in the case of dispersions, and by the use of
surfactants. ‘ '

" These compositions may also contéin adjuvants such és preservati\)e, wetting agents,
emulsifying agents, and dispersing agents. Prevention of ihe action of micro—organisms may
be ensured by the inclusion of various antibacterial and antifungal agents, for example.
paraben, chlofobutanol, phenol sorbic acid, and the like. It may also be desirable to include
isotonic agénts such as sugars, sodium chloride, and the like. Prolonged absorption of the
injectable pharmaceutical form m.ay be brought about by ‘the inclusio‘n of agents that delay
absorption such as aluminium monostearate.and gelatin.

If desired, and for more effective distribution, the compounds can be incorporated into
slow release or targeted delivery systems such as polymer matrices, Iiposomes, and
microspheres. ‘

The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
cbmpositions that can be dissolved or diépers_.ed in sterile water or other sterile injectable
medium just prior to use. ' ‘

Solid-dosage forms for oral administration include capsules, tablets, pills, powders.
and granules. In such solid dosage forms, the active compound is mixed with -at leasi one
inert, pharmaceutically acceptable excipieni or carrier such as sodium citrate or dicalcium
phosphate and/or a) filers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinylpyrrolidone, sucrose, and acacia, c) humectants such as glycerol, d)
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f)
absorption accelerators such as quaternary anﬁmonium compounds, g) wetting agents such
as, for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and ’
bentonite clay, and i) lubricants SUCh‘aé télc, calbium siearaté, magnesium- stearate. solid
polyethylene glycols, sodium lauryl sulfate, and m.ixtures thereof. In the case of capéules,
tablets and pilis, the dosage form may also comprise buffering agents. v »
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Solid composiﬁons of a similar type may also be emplbyed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycolls and the like. '

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and other coatings well known in
the pharmaceutical formulating art. They may optionally contain opacifying agents and can
also be of a composition that they release the active ingredient(s) only, or preferentially, in a
certain part of the intestinal tract, optionally, in a delayed manner. Examples of embedding’
compositidns which can be used include polymeric substances and waxes.

The active compounds can- also be in microencapsulated form, if appropriate, with one

or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups and elixirs. In addition to the active compounds,
the lidujd dosage forms may contain inert diluents commonly used in the art such as, for
example, water or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl aicohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethyl formamide, oils (in particular, cottonseed, groundnut,-
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
‘agents. ' ‘

Suspensions, in addition tb the active compounds, may contain suspending agents as,

~for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,

microcrystalline cellulose, aluminium metahydroxide; bentohite, agar-agar, and tragacanth,
and mixtures thereof. |

Compositions for rectal or vaginal administration are preférably suppositories which
can be prepared by mixing the compounds of this invention with suitable non-irritating
.excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at room temperature but liquid at body temperature and therefore melt in the rectum
or vaginal cavity and release the active compoun_d.
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.Dosage forms for topical administration of a compound of this invention include
powders, patches, sprays, ointments and inhalarits. The active compound is mixed under
sterile conditions with a pharmacemically acceptavble carrier and any needed preservatives.
bufters, or propellants which may be required. -

The amount of compound administered will preferably treat ahd red}ucé or élleviate the
condition. A therapeutically effective amount can be readily determined by an attending A
diagnostician by t.he use of conventional techniques and by observing results obtained under
'analogous circumstances. In determihing the therapeuticany' effective amount a number of
factors are to be cohsidered including but not limited to, the species of animal, its size, age .
and general health, the specific condition involved, the severity of the condition, the response

- of the patient to treatment, the particular compound administered, the mode of administration,
the bioavailability of the preparation administered, the dose regime selected, '(hé_ use of other
medications and other relevant circumstances. |

A preferred dosage will be a range from about 0.01 to 300 mg per kilogram of body
weight per day. A more preferred dosage will be in the range from 0.1 to 100 mg per
kilogram of body weight per day, more preferably from 0.2 to 80 mg per kilograrﬁ of body
weight per day, even more preferably 0.2 to 50 mg per kilogram of body weight per day A
suitable dose can be admnnlstered in multiple sub-doses per day.

SYNTHESIS OF COMPOUNDS OF THE INVENTION ‘
- The agents of the various embodiments may be prepared using the reaction routes

and synthesis schemes as described ‘below, employing the techniques available in the art.
using starting materials that are readily available. The preparation of particular compounds of
the embodiments is described in- detail in ‘the following examples, but the artisan will
recognize that the chemical reactions described may be readily adapted to prepare a number
of other agents of the various embodiments. For example; the synthesis of nbn-exemplihed .
~ compounds may be successfully performed by modifications apparent to those skilled in the
art, e.g. by appropriately protecting interfering groups, by changing to other suitable reagents
known in the art, or by making routine modifications of reaction conditions. A list of suitable
protecting Qroups in organic synthesis can be found in T.W. Greene's Protective Groups in
>Organic Synthesis, 3" Edition, John Wiley & Sons, '19v91. Alternatively, other reactions
disclosed herein or known in the art will be recognized as havmg apphcablhty for preparing
other compounds of the various embodlments '
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Reagents useful for synthesizihg compounds may be obtained or prepared according -
 to techniques known in the art. '

The symbols, abbreviations and conventions in the processes, schemes, and
examples are consiétent with those used in the contemporéry scientific literature. Specifically
but not meant as limiting, the following abbreviations rhay be used in the examples and

. throughout the specification. »

e g (Qréms)
o L (liters)
e Hz (Henz)v

e mol (moles)
¢ RT (room temperature)
* min (minutes)
o  MeOH (methanol)
» CHCI; (chloroform)
¢ DCM (dichloromethane)
* DMSO (dimethylsulfoxide)
o EtOAc (ethyl acetate)
e mg (milligrams)
e L (millliters)
e psi( pounds per square inch)
e mM (millimolar)
- ¢ MHz (megahertz)
e h(hours)
e TLC (thin layer chromatography)
e EtOH (ethanol)
e CDCl; (deuterated chloroform)
* . HCI (hydrochloric acid)
*  DMF (N, N-dimethylformamide)
e THF (tetrahydro furan)
e K,CO;(potassium carbonate)
¢ Na,SO, (sodium sulfate)
. RM (Reaction Mixture)
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Unless otherwise indicated, all temperatures are expressed in °C (degree cenngrade)

All reactions conducted at room temperature unless otherwise mentioned. .

All the solvents and reagents used are _comrﬁercia_ny available ahd purchased from
Sigma Aldrich, Fluka, Acros, Spectrochem, Alfa Aesar, Avra, Qualigens, Merck, Rankem and
Leonid Chemicals.’ ' '

'"H NMR spectra were recorded en a Bruker AV 300. Chemical shifts are expressed in
parts per million (ppm, & units). Coupling constants are in units of hertz (Hz). Splitting
patterns describe apparent multipiicities and are designated as s (singlet), d (doublet), t
(triplet), g (quartet), m (multiplet), or br (broad).. '

Mass. spectra were obtained on single quadruple 6120 LCMS “from  Agilent
technologles using elther atmospheric chemical ionization (APCI) or Electrospray |omzat|on
(ESI) or in the combination of these two sources.

All samples were run on SHIMADZU system with an LC-20 AD pump, SPD-M20A
diode array detector, SIL-20A auto sampler.

SYNTHETIC SCHEMES

Scheme for making certain compounds of the invention is shown in scheme 1 below Thus
using the standard techniques the chlorination of 2, 5-dimethyl-2, 5-hexanediol in presence of
HCl to give the 2, v 5-dichlero-2 5-dimethylhexane (interme'diate 1). and follewed by Friedel-
Crafts alkylation of 3- methylthiopheneto obtain 3,4, 4,7, 7- pentamethyl -4, 5, 6, 7-tetrahydro-
1-benzothiophene (mtermedlate 2). The Friedel-Crafts acylanon of 3, 4, 4 7, 7-pentamethyl-4,
5, 6, 7-tetrahydro-1-benzothlophene with methyl 4-(chlorocarbonyl) benzoate (intermediate 3)
to give methyl 4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-

yl)carbonyI]behzoate(intermediate 4). The alkene formation (of intermediate 4) under wittig
' conditions to give the corresponding ester methyl 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5 6, 7-
tetrahydro-1-benzothiophen-2-yl)ethenyllbenzoate  (intermediate 5), and followed by
_hydrolysis to yield the respective acid.
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Scheme 1:

C Me
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COMe COMe
02 RT; 12h © MeQOH/THF
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\
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Compound1

Example 1

Compound 1 .was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7.-t'etrahydro-1-'
benzothiophéne and methyl 4-(chlorocarbonyl) benzoate by following the procedure
described in scheme 1; purity: 98.87%.

Intermed|ate1 2, 5-Dichloro-2, 5-d|methylhexane :

To a two-neck ‘250 mL RB flask charged with 2, 5-dimethyl-2, 5-hexanediol (15 g, 102.6
mmol), conc. HCI (60 mL) was-added slowly at 0 °C, and stirred at RT overnight. The reaction
mixture was quenched with ice, obtained héterogéneous mixture was filtered and washed
with water and dried under vacuum to yield a title compound as a white solid (15.0 g, yneld

79.91 %) '"H NMR (300 MHz, CDCIa) 1.88(s, 4H), 1.53(s, 12H). '

Intermediate 2: 3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene.

To a three-neck 250 mL .RB flask charged with 2 5-dichloro-2, 5-dimethylhexane (6.7 g, 36.6
mmol) and 3-methylthiophene (3.6 g, 36.6 mmol) in dry DCM (50 mL), fitted with a v;_/ater
’conde.nser, AICI; (4.9 g, 36.6 mmol) Was added in small portions at 0 °C. The reaction mixture
was stirred at RT overnight and then heated to reflux for 15 min. The reaction mixture was
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coolevd to RT, quenched with ice and extracted with ethyl acetate. The combined extracts
were washed with water and brine solution. The organic layer was dried over anhydrous
Na,SO, and concentrated reduced pressure. The crude pfoduct obtained was purified by
‘column chromatography to yield the title compound as pale yeliow oily product (3.5 g, yield:
46.0 %). ‘

Intermediate 3: Methyl 4-(chlorocarbonyl) benzoate

To a single-neck 100 mL RB flask fitted with a water cooled condenser, charged with 4-
(methoxycarbonyl)benzoic acid (7.0 g, 38.8 mmol) and dry DCM (70 rﬁL), SOClg'(9.2 g, 77.7
mmol) was added drop wise at 0 °C, followed by DMF(0.5 mL). Then reaction mixture was .
refluxed for 1h (or until reaction mixture become clear solutidn). The reaction mixture was
concentfated Under N, atmosphere to obtain the crude product as a yellow oil (6.9 g, yield:
89.5 %), which was taken f'or next étep Without purification.

Intermediate 4: Methyl 4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tétrahydro-1-
benzothiophen-2-yl) carbonyl] benzoate _
To a two-neck 250 mL RB flask charged with methyl 4-(chloro carbonyl)benzoate (6.9 g, 34.6
~-mmol) dissolved in CS,(30.0 mL), AlCl; (11.5 g, 86.5 mmol) was added at 0 °C. The 3, 4, 4,
7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene (6.0 g, 25.8 mmol) dissolved in CSZ
(30 mL) was added slowly drop wise to the reaction-mixture. The reaction rhixture was stirred
at RT overnight and then heated to reflux for 15 min. The reaction mixiure was quenched Withb
ice and extracted with ethyl acetate, washed with water and brine solution. The organic layer
was dried over anhydrous Na,SO, and concentrated under vacuum to obtain the crude oil.
which was purified by column chromatography to give title compound as yellow oily product
(1.5 g, yield: 14.0 %). '

Intermediate 5: Methyl 4-[1-(3, 4, 4, 7, 73pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) ethenyl] benzoate , ’

- To a two-neck 100 mL RB flask charged with methyltriphenylphosphonium bromide (0.965 g,
2.7 mmol) and dry THF (10 mL), n-BuLi [0.8 mL (1.6M solution), 2.7 mmol] was added drop
wise at -60 °C under N, atmosphere. The reaction mixture was stirred at room temperature
(RT) for 1h, and the formation of yellow colour solution was observed, which was then slowly
added to a 50 mL round-bottom flask containing (0.5 g, 1.35 mmol) of compound methyl 4-[(3,
4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)carbonyljoenzoate(0.5 g,
1.35 mmol) in dry THF (10 mL). The reaction mixture was stirred at RT. overnight. The
reaction mixture was quenched with cold water and extracted with ethy! acetate. The organic
layer was washed with water and brine. The organic layer was dried over anhydrous Na,SO.
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~and concentrated under vacuum; the crude product obtained was purified _by column

chromatography to give the title compound as a pale yellow solid. (0.11 g, yield: 22.0 %): 'H
NMR (300 MHz, CDC'g): 7.90-7.93(d, 2H), 7.33-7.36(d, 2H), 5.65(s, 1H), 5.38(s, 1H), 3.85(s.
3H), 1.88(s, 3H), 1.50(s, 4H), 1.25(s, 6H), 1.21(s, 6H).

_ Compound 1: 4-[1-(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)

ethenyl] benzoic acid

-To a 25 mL RB flask charged with methyl 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-

1-benzothiophen-2-yl)ethenyilbenzoate (0.06 g, 0.16 mmol) and THF (3 mlL), aqueous
solution of NaOH (0.013 g, 0.32 mmol) and methanol (3 mL) was added. The reaction
mixture was stirred at room temperature for 3h. The reaction mixture was concentrated; the
obtai‘n.e’d reéidue was dissolved in minimum amount of water, acidified to pH 3 under cooling,
extracted with ethyl acetate. The organic layer was washed With water and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The crude product obtained was purified by
trituration wifh hexane to gfve the title compound as a pale yellow solid (0.02 g, yield: 34.7%):
MS (ESI, 120 eV): m/z =353.1 (M-H)". ’

Scheme 2:
S ELZN/CH,), «
\ | com DCM O Aq.LiOH
e
0°C-45C - C% MeOH/THF
1 ?h Intermediate 6 RT, 3n

Intermediate 5
T, | |

(s co o -
Compound 2 ' . ' , v

Example 2
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Compound 2 was synthesized from methyl 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yi) ethenyl] benzoate and hydrolysis of methyl 4-[1-(3, 4, 4,' 7,
7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzoth,idphen-z-yl) cyclopropyl] benzoate by following
the procedure described in scheme 2. p.urity: 95.69%.

Intermediate 6: Methyl 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro 1-
benzothlophen-z-yl) cyclopropyl]} benzoate :

To a two-neck 50 RB flask with methyl 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) ethenyl] benzoate (0.1 g, 0.27 mmol) in DCM (10 mL) was charged. To
the stirred solution, diethyl zin¢ (1.6 ML, 1.6 mmol) was added drop wise at 0 °C and after 10
min, CHal, (0.87 g, 3.2 mmol) was added and' then reaction mixture\‘w'asv heated at RT |
overnight. The reaction mixture was quenched with ice, extracted with DCM and the organic
extracts were combined, washed with water and brine, dried over anhydrous Na,SOi, and
concehtrated.. The crude product obtained was purified by preparative TLC to give the title
compound as colourless oily product (0.015 g, yield: 15.0%).

Compound 2: 4-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydr'o-1-benzothiophen-z-yl)'
cyclopropyl] benzoic acid '

To a 50 mL RB flask charged with methyl 4- [1 (3,4,4,7,7: pentamethyl -4,5,6,7- tetrahydro
1- benzothlophen -2-yl)cyclopropyllbenzoate (0.015 g, 0.04 mmol) and THF (2 mL), aqueous
solution of LIOH (0.0037 g, 0.16 mmol) and methanol (2 mL) was added: The reaction -
solution was stirred at RT for about 3h. The solvent was removed under reduced pressure.
The obtained residue was dissolved in -minimum amount of water, acidified to pH 3 under '
cooling, extrécted with ethyl acetate. The organic layer was Washed with water and brine,
dried over NaQSO.,, fitered and concentrated in vacuum. The obtained solid- was further
purified by trituration with hexane to give compound as a pale yellow solid (0. 01 g, yleld 69.2
%): MS (ESI, 120 eV): m/z = 367.1(M-H)".

Scheme 3
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' Cor;npoundls was sy'nthesvized from methyl 4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tet_rahydro-

- 1-benzothiophen-2-yljcarbonyllbenzoate and hydrolysis of methyl 4- [(5 (hydroxy)mino)(s 4,
4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen- 2 yl)methyl]benzoate by following
the procedure described in scheme 3; punty 97.84%.

Intermediate 7: Methy! 4-[(E, 2)-(hydroxyimino)(3, 4, 4, 7, 7-pentamethyl-4, 5,6,7-
tetréhydro-1-benzothiophén-z-‘yl) methyl] benzoate’

To a stirred solution of methy.l 4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) carbonyl] benzoate (0.3 gV,FO.8.mbmol) in pyridine (4.9 g. 62.0 mmol),
NH,OH.HCI (0.11 g, 1.6 mmol) was added under N, atmosphere. Then the reaction mixture
was heated at 100 °C overnight. The pyridine was removed completely under vacuum; the
residue was dissolved in ethyl acetate, washed with water and brine, dried over Na,SO,,
filtered and concentrated in vacuum. The crude mass thus obtained was purified by column
chromatography on silica gel, using petroleum ether (60- 80) and ethyl acetate as eluent. The
product (isomer- 1) separated and was obtained as yellow Ilquud (0 2 g yueld 64.85 %) MS
(ESl 120 eV) m/z =386.0 (M+H) ’

Compound 3:4- [(E) (Hydroxylmmo) 3,4,4,7, 7-pentamethyl -4, 5, 6, 7-tetrahydro -1-
benzothiophen-2-yl) methyl] benzoic acud
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A 50 mL RB flask charged with methyl 4-[(E, Z)-(hydroxyimind)(S, 4, 4,7, 7-pentamethyl-4, 5.~
6, 7-tetrahydro-1-benzothiophen-2-ylymethyl] benzoate (0.2 g, 0.5 mmol) and THF (1 mL),
was stirred and to the stirred solution a 5M aqueous solution of NaOH (0.2 g, 10.0 mmol) and
methanol (1 mL) was added. The reaction mixture was further stirred at RT for about 2h. The
reaction mixture was concentrated; the reéidue was dissolved in minimum amount of water,
- acidified to pH 3 under cooling, extracted with ethyl acetate. The organic layer was washed
- with water and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuum. One
of the isomer was separated by crystallization; dissolved ‘cémpound in minimum amount of
ethyl acetate, added few drops of ether, followéd by hexane to give the title compound as a
yellow solid(0.17 g, yield: 91.52 %): MS (ESI, 120 eV): m/z = 372.2(M+H)".

Example 4: 4-[(E, 2)-(Methoxyimino) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetiahydro—1-
.benzothiophen-2-yl) methyl] benzoic aci‘d. ’

Compound 4 was synthesized from methyl 4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 8, 7-tetrahydro-
1-benzothiophen-2-yl)carbonyllbenzoate and hydrolysis of methyl 4-[(E, 2)-(methoxyimino)(3,
4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiopheh—2-yl)methyl]benzoate‘ by
following the similar procedure described in scheme 3 (0.025 g, yield: 26.0%); purity: 98.96 '
%. : '

Example 5: 6-[(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)
. carbonyl] pyridine-3-carboxylic acid

Compound 5 was’synt_hesized from 3, 4, 4, 7, 7-pentamethyl-4, 5,‘6, 7-tetrahydro-1-
benzothiophene and methyl 6-(chlorocarbonyl) pyridine-3-carboxylate by following the similar
procedure in scheme 1 (0. 008 g, yield: 55.47°/$); purity: 99.38%.
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Example 6: 6-[1-(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-teirahydro-1 -bénzothi'ophen-2-yl)
ethenyl] pyridine-3-carboxylic acid '

Compound 6 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophene and methyl 6¥(chlorocarbonyl)pyridihe-s-cart}oxylate by following the similar
procedure in scheme 1 (0. 012 g, yield: 62.44%); purity: 98.37 %.

Example 7: 6-[1-(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6,’7-tetrahydro-1 -benzothiophen-2-yl)
cyclopropyl] pyridine-3-carboxylic acid

‘Compound 7 was synthesized from methyl 6-[1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yl)ethenyl]pyridine-3-carboxylate and hydrolysis of methyl6-[1-
(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl) cyclopropyl]pyridine-3-

carboxylate by following the procedure described in scheme 2 (0. 015 g, yield: 40.6%); purity:
99.26%. :
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vExampIe 8:

Compound 8 was synthesized from 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophene and methyl 4-aminobenzoate by following the procedure described in.
scheme 4; purity: 97.45%.

Intermediate 8: 2-Bromo-3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetréhydro-1-benzothio . :
phene ‘ o » |

To a stirred solution of 3, 4, 4, 7, 7-pehtamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene (1.2 g,
5.8 mmvol) in DCM (5 mL), NBS (1 g, 5.6 mmol) was added and stirred at RT for 3h. The
reaction mixture was quenched with ice, extracted with DCM and the organic extracts were
combined, washed with watér and brine, dried over anhydrous Na,SO,, and concentrated in
vacuum. The resulting crude product waé_ purified by silica gel column chromatography to
give the title compound as colourless liquid (1.0 g, yield: 62.5 %): 'H NMR (300 MHz, CDCly):
6 2.16(s, 3H), 1.58(s, 4H), 1.19-1.20(d, 12H).

Intermediate 9: Methyl 4-[(3, 4, 4, 7, 7-peritamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)amino]benzoate _ ‘ '

" To a stirred solution of 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5 6, 7-tetrahydro-1-
benzothiophene (0.26 g, 0.9 mmol) in dioxane (5 mL), methy! 4-aminobenzoate (0.16 'g_, 1.1
'mmol), CS.CO; (0.88 g, 6.5 mmol) was added under argon atmosphere. After quging the
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reaction mixture with argon for about\‘ 10 minutes, t-butylxphos (0.007 g, '0‘02 mmol) and Pd
(PPh;3),Cl; (0.031 g, 0.044 mmol) was added and the reaction mixture was heatéd at 110 °C
overnight. The reaction mixture was quenched with watef and extracted with ethyl acetate
and the organic extracts were washed with water and brine, dried over anhydrous Na,SO,,
and concentrated in vacuum. The resulting crude product was purified by column
chromatography on. silica gel, using petroleum ether ‘(60-80) and ethyl acetate as eluent to
give the title product as a yellow solid(0.09 g, yield: 27.97 %)‘. '

‘Intermediate 10: Methyl 4-[methyl (3, 4, 4, 7, 7-pentamethy}-4, 5, 6, 7-tetrahydro-1-
benzothio_phen-2-yl) amino] benzoate ’ o

To a stirred solution of NaH (0.042 g, 0.31 mmol) in DMF (2 mbL), 6-[(3, 4, 4, 7, 7-
pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-ylyamino] byridine-&carboxylate (0.07 g,
0.2 mmol) in DMF (2 mL) was added drop wise at 0 °C. .After 30 min, CHsl (0.045 g. 0.31
mmol) was added to the above solution and the resuiting solution was allowed to stir at RT for
2h. The reaction mixture was quenched with saturated NH,CI solution and extracted with
ethyl acetate.v The ‘organic extracts were washed with water and brine, dried over anhydrous -
Na,SO,, and concentrated in vacuum. The resulting‘crude product was purified by column '
chromatography on silica gel, using petroleum ether (60-80) and ethyl acetate as eluent to
‘give the title product as a white solid (0.025 g, yield: 33.65 %): 'H NMR (300 MHz, CDCl3): &
7.80-7.83(d, 2H), 6.52-6.55(d, 2H), 3.78(s, 3H), 3.20(s, 3H), 1.90(s, 3H), 1.63(s, 4H), 1.22-
1.23(d, 12H). ’ ' '

Compound 8: 4-[Methyi (3,4,4,7, 7-pentamethyl-4,’5, 6, 7-tetrahydro-1-benzothiophen-
2-yl) amino} benioic acid

To a 25 mL RB flask charged with methyl 4-[methyi(3, 4, 4, 7, 7-pentamethyi-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yljaminojbenzoate (0.025 g,10.0672 mmol) and THF (0.5 mt),,
a 5 M aqueous solution of NaOH (0.04 g, 1.7 mmol) and methanol (0.5 mL) was added. The
reaction solution was stirred at RT for about 1h. The reaction mixture was concentrated: the
résidue was dissolved in minimum amount of water, acidified to pH 3 under cooling and
extracted 'With ethyl acetate. The organic layer was washed With water and brine, dried over
anhydrous Na,SO,, and éoncentrated in vacuum. The obtained solid was further purified by
‘trituration with hexane to give the title compound as a yellow solid (0.011 g, yield: 45.83 %):
MS (ESI, 120 eV): m/z = 358.1(M+H)". i ’

Example 9: 4-[Ethy! (3, 4, 4, 7, 7T-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)
amino] benzoic acid ‘
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Compound 9 Was synthesized from 2-bromo-3, 4, 4, 7, 7:pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophene and methyl 4-aminobenzoate by following the similar procedure described in
scheme 4 (0.03 g, yield: 50.25 %); purity: 99.17%.

Scheme 5
Cu(OAc),/Na,CO, . .
@L 2,2'- blpyndme \ [ Aq.NaOH
COzMe DCE 65 c CQMe THFiACAeOH
65 °C, 3h
Intermediate 9 lrnermed»areﬂ
: CQH
pound10

Example 10: 4-[Cyclopropyl (3,4, 4,7, 7- pentamethyl -4, 5, 6, 7-tetrahydro-1-benzo
thiophen-2-yl) amino] benzoic acid

10 .
Compound 10 was synthesized from 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-
'1-benzothiophene and methyl 4-amihobenzoate and the N-alkylation of ester (intermediate 9)
with ' cyclopropylboronic acid in ‘presence of copper acetate and followed by hydrolysis
procedure described in scheme 5; purity: 98.42%.

Intermediate 11: Methyl 4- [cyclopropyl (3, 4 4,7,7- pentamethyl-4 5,6,7- tetrahydro—1-
benzothlophen -2-yl) amlno] benzoate ' '
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To a two-neck ,25 mL RB flask charged with copper (l1) acetate (0.11 g, 0.56 mmol), 2,2
bipyridine (0.087 g, 0.56 mmol) in DCE (5 mL) was added. The reaction mixturé was heated
at 70 °C for 30 min, following which cyclopropylboronic acid (0.096 g, 1.12 mmol),.méthyl 4-
(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)amino]benzoate (0.2 g,
0.6 mmol), Na,C0;(0.12 g, 1.12 mmol) and molecular sieves(0.2 g) were added at 70 °C and
was continued to be heated overnight. The reaction mixturé was quenched with water,
extracted wivth ethyl acetate. The combined éxtracts were washed with wa{ter and brine
solution.. The organié layer was dried over anhydrous Na,SO, and concentrated under
reduced pressure. The obtained crude product was purified préparative TLC to give title
compound as a yellow semi solid (0.04 g, yield: 18.06 %): 'H NMR (300 MHz, CDCl,): & 7.80-
7.83(d, 2H), 6.73-6.76(d, 2H), 3.78(s, 3H), 2.69-2.74(m, 1H), 1.83(s, 3H), 1.63(s. 4H), 1.21-
1.23(d, 12H), 0.80-0.82(m, 2H), 0.60-0.61(m, 2H). '

Compound 10: 4-[Cyclopropyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzo
thiophen-2-yl) amino] benzoic acid ‘

To a 25 mL RB flask charged with methyl 4-[cyclopropyl(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yl)aminolbenzoate (0.04 g, 0.1 mmol) and THF (0.5 mL), a5 M
aqueous solution of sodium hydroxide (0.024 g, 0.6 mmol) and methanol (0.5 mL) was added.
The reaction solution was heated at 50 °C overnight. The reaction mixturé was concentrated; '
the residue was dissolved in minimum amount of water, acidified to pH 3 under cooling and
extracted with ethyl acetate. The organic layer was washed with water and brine, dried over
anhydrous Na}SOa, and concentrated in vacuum. The obtained solid was further puritied by
trituration with hexane to give the title compound as a white solid (0.012 g, yield: 31.3 %). MS
(ESI, 120 eV): m/z =384.2 (M+H)". ' ' '

Example 11: 4-[(Cyclopropylmethyl) (3, 4, 4, 7, 7-péntamelhyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] benzoic acid

11
‘Compound 11 was synthesized from 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-

1-benzothiophene and methyl 4-aminobenzoate by following the similar procedure described
in scheme 4 (0.025 g, yield: 52.08%). purity: 98.83%.
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Scheme 6

s _N ’ s_ _N
\ o CH;ONa/MeOH Q o
H 0°C-RT ON
) 12h a
Compound 11 Compound 12

Compound 12 was synthesized from 4-[(cyclopropylmethyl)(3, 4,4,7, 7-pentamethyl-4, 5, 6,
7-tetrahydro-1-benzothiophen-2-yl)amino]benzoic acid and sodium methoxide in methanol by
following the procedure described in scheme 6; purity: 96.75%. '

Compound 12: Sodium 4-[(cyclopropylmethyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
‘tetrahydro-1-benzothiophen-2-yl) amino] benzoate |

To a stirred solution of 4-[(cyclopropylmethyl)(3, 4, 4, 7, 7- -pentamethyl-4, 5, 6, 7- tetrahydro 1-
benzothiophen-2-yl)amino]benzoic acid (0.1 g, 0.25 mmol) in MeOH, M CH3;ONa (0.014 g,
0.25 mmol) solution was added slowly at.0 °C. The reaction mixture was stirred at RT for 12h.
The solvent was removed under reduced pressure Methanol was added to the resulting
gummy and was removed completely under high vacuum. This process was repeated until
there was no water. The obtained gummy material was crystal'lized with ethyl acetate and n-
hexane to yield an off white solid (0.04 g, yleld 32.00 %): MS (ES}, 120 eV): m/z = 398.1(M
22)*, :

Example 13: 4-[(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1jbenzolhiophen-2-yl)

(propan-2-yl) amino] benzoic acid



WO 2015/107549 PCT/IN2015/000010
62

13 _ _
Compound 13 was synthesized from 2-bromo-3, 4, 4, 7, 7-pentamethyl-4; 5, 6, 7-tetrahydro-
1-benzothiophene and methyl 4-aminobenzoate by following the similar procedure described
in scheme 4 (0.007g, yield: 72.72%); purity: 85.93%.

Example 14: 4- [(Methylsulfonyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7- tetrahydro 1-
benzothlophen 2-yl) amino] benzoic acid

4 ) ) o
N
Q|
'/S\\.
(0]

14

Compound 14 was synthesnzed from 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-
1-benzothiophene and methyl 4-aminobenzoate by following the similar procedure described
in scheme 4 (0.020 g, yield: 58.99%); purity: 91.67 %.



WO 2015/107549 PCT/IN2015/000010

63
Scheme 7
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Compound 15 was synthesized from 2-bromo-3, 4, 4, 7, 7-pentamethyl¥4, 5, 6, 7-tetrahydro-
1-benzothiophene and 4-methoxy-3-(4, 4, 5, b5-tetramethyl-1, 3, 2-dioxa borolan-2-
yl)benzaldehyde by following the procedure described in scheme 7; purity: 94.87%.

*Intermediate 12: 4- Methoxy—3 -(4, 4, 5, 5- tetramethyl 1 3, 2- dloxaborolan 2-yl)
benzaldehyde
To a stirred solution of 3-’bromo-4-methoxybehzz_aldehyde (2.0 g, 9.3 mmol) in dioxane(5 mL),
bis(pinacolato)diboron (2.82 g, 11.1 mmol) in 1, 4 dioxane (10.0 mL)and potassium acetate
(2.73 g, 27.9 mmol) was added at 0 °C under argon atmOSphere" Then (PPh,),PdCl, (0.38 g.
0.465 mmol) was added‘ énd the reaction was allowed to be completed under Microwave
‘condition. The reaction mixture thus obtained was diluted with ethyl acetate, washed with
water and. brine solution dried over anhydrous Na;SO, and concentrated in vacuum. The .
resulting crude product was purified by combiflash, to give the title compound as a pale pink
solid (1.3 g, yield: 5_3.76 %): 'H NMR (300MHz, CDCl5): d 9.83(s, 1H), 8.13(s, 1H), 7.88-
7.91(d, 1H), 6.89-6.92(d, 1H), 3.86(s, 3H), 1.3(s, 12H). ‘ '

Intermediate 13: 4-Methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 74tetrahydro-1-
benzothiophen-2-yl) benzaldehyde :

To a. stirred solution of 4-méthoxy-3-(4, 4, 5, b-tetramethyl-1, v 3, 2-dioxaborolan-2-
ylbenzaldehyde (1.0 g, 3.8 mmol) in dioxane (10 mL), 2-bromo-3, 4, 4, 7, 7-pentamethyl-4, 5,
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6, 7-tetrahydro—1-benzothidphene (1.2g, 4.1 rﬁmol) in 1, 4 dioxane (10 mL), water (3 mL) and
potassium phosphate tribasic (2 42 g, 11.4 mmol) was added. The reaction mixture was
purged with argon for about 10 min, followed by addmon of Pd(PPhs), (0.2 g, 0.1 mmo|) The
reaction was done under microwave condmon The reaction mixture was diluted with ethyl
acetate, washed with water and brine solution, d_ned over anhydrous Na,SO, and
concentrated in vacuum. The resulting crude product was purified by combitlash, to give the
title compound as apale yellow semi solid (0.7 g, yield: 52.63 %).

‘Intermedlate14 Ethyl (2E)-3-[4-methoxy-3-(3, 4 4,7,7- pentamethyl -4,5,6,7-
tetrahydro -1-benzothiophen-2-yl) phenyl] prop-2-enoate : :

To a 50 mL RB flask charged with NaH (0.098 g, 4.0 mmol) and THF(20.0 mL), 4-methoxy-3-
3, 4,4,7,7- pentamethyl -4, 5, 8, 7-tetrahydro-1 -benzo thiophen-2-yl)benzaldehyde (0.7 g,
2.0 mmol) was added at 0 °C followed by triethyl phosphmoacetate (0. 92 g, 4.0 mmol) and
-the flask was stirred at RT for 1h. The reaction mixture was quenched with water and
éxtracted wiih ethyl acetate. The drganic layer was washed with water and brine solution.
dried over anhydrous Na,SO, and concentrated in vacuum. The resulting crude product was
purified by combiflash to give the title compound as colourless oil (0.74 g, yield: 89.68 %). '

Compound 15: (2E)-3-[4-Methoxy-3- (3 4, 4, 7, 7-pentamethyl -4, 5, 6, 7- tetrahydro +1-
benzothiophen-2-yl) phenyl] prop-2-enoic acid .

To a 50 mL RB flask charged with ethyl (2E)-3-[4-methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4, 5 6,
7-tetrahydro-1-benzothiophen-2-yl) phenyl] prop-2-enoate 0.065 g, 0.15 mmol) and THF (2
mL), NaOH (0.012 g, 0.31 mmol) and EtOH (2 mL) was added and stirred at RT for 2h. The
reaction mixture was concentrated under reduced pressure and washed with ‘ethe,r. The
obtained residue was acidified with 1N HCI and extracted with ethyl acetaté. The combined
extract was then washed with water, brine solution and dried over anhydrous Na,SQOj, filtered
and concentrated. The obtained product was triturated with n-hexane to yield the title product
as a white solid (0.035 g, yield: 45.5 %): MS (ESI, 120 eV): m/z = 385.2(M+H)". o

Scheme 8
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Compound 16

Compound 16 was synthesized from ethyl (2E)-3-[4-methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4,

5, 6, 7-tetrahydro-1-benzothiophen-2-yl)phenyljprop-2-enoate and hydrolysis of ethyl 2-[4-'

methoxy-3-(3, 4, 4, 7, T7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-
. Yhphenyllcyclopropanecarboxylate by following the procedUr‘e described in scheme 8; purity: '
96.17%.

OH

B °
S
O\‘
16

Intermediate 155 Ethyl 2-[4-methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) phenyl] cyclopropanecarboxylate ‘ ‘ :
To a stirred solution of ethyl (2E)-3-[3-methoxy-4-(3, 4, 4, 7, ~7-pentamethyl—4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yl)phenyl]lprop-2-enoate (0.1 g, 0.24 mmol) in DCM- (2 mL),
CH2I2 (0.78 g, 2.9 mmol) was added followed by addition of diethy! zinc [1.45 mL(1M solution
in heptane), 1.4 mmolj at 0 °C. The reaction mixture was stirred at RT until completion. The
‘reaction mixture was then quenched with ice and extracted with ethyl acetate and washed
with water and brine solution, dried over anhydrous Na,SO, and concentrated under reduced
vacuum. The obtained product was purified by preparative TLC to yield thke title produét as
colourless oil (0.017 g, yield: 19.9 %). ”
Compound 1 6 2-[4-Methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-teirahyd|jo-1-
benzothi.ophen-2-yl) phehyl] cyclopropanecarboxylic acid |
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To a 25 mL RB flask charged with ethyl 2-[4-methoxy-3-(3, 4, 4, 7, 7-pentamethyl-4, 5. 6. 7-
tetrahydro-t-benzothiophen-2-yl) phenyl] cyclopropanecarboxylate (0.017 g, 0.04 mmol) in
.'.THF'(1mL), NaOQOH (0.008 g, 0.2 mmol) in water and ethanol (1mL) was édded. The reaction
mixture was stirred at RT for 2h. The reaction mixture was concentrated under reduced
pressure and washed with ether. The obtained residue was acidified with 1N HCI and
extracted with ethyl acetate. The combined extract was washed with water, brine solution v
and dried over anhydrous Na,SO, and concentrated. The obtained product was purified by
preparative TLC to yield the title product as a pale yellow semi solid (0 0011 g, yield: 6.27 %):
MS (ESI, 120 eV): m/z = 399.2(M+H)*.

Scheme 9
» o]
NH,NO,/TFAA : P @ /{
: DCM Zn/HCO NH, = o—
N, —N OT

I Meo“ AT S C$,CO/ACN

‘ 100 C. 12h
Intermediate 2 Intermediate 16 . Intermediate 17
NH N CS,COJCH_ |
DMF Aq NaOH
T c-AT. mweou o
Compound 17
Intermediate 18 intermediiate 19

Compound 17 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-amine and methyl 6-ch|oropyridinefs-carboxylate by following the procedure
‘described in scheme 9; purity: 98.40%.

intermediate 16: 3, 4, 4, 7, 7-Pentamethyl-2-nitro-4, 5, 6, 7-tetrahydro-1-benzo thiophene
To a stirred solution of 3,4,4,7, 7-pentarhethyl—4, 5, 6, 7-tetréhydro—1-benzdthiophene (4.8 g,
23.1 mmol) in DCM (15 mL), NH;NO;3 (2.22 g, 27.7 mmol) and TFAA (14.5 g, 69.2 mmol) was

- added drop wise at 0 °C. The reaction mixture was kept.at 0 2C for 1h. The mixture was then
quenched with ice and extracted with ethy! acetate, washed with water and brine solution.
The organic layer was dried over anhydrous Na,SO, and concentrated under vacuum to
obtain the crude oil, which was purified by silica gel column chromatography to give title
compound as yellow liquid (1.2 g, yield: 20.44 %).
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Intermediate 17: 3, 4, 4, 7, 7-Pentamethyi-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-amine
To a stirred so}lu‘tion of 3, 4, 4, 7, 7-peniamethyl-2-nitro-4, 5, 6, 7-tetrahydro-1-
bbenzothiophene (1.6 g, 6.3 mmol) in methanol (15 mL), ammonium formate (1.99 g, 31.6
mmol) was added followed by addition of zinc dust (2.0 g, 30.6 mmol) at 0 °C. The reaction
mixture was stirred at RT for 2h. The reaction mixture was concentrated under reduced
pressure. The obtained residuebwas washed with water, “brine solution and, dried. over
anhydrous Na,SO, and concentrated in vacuum. The crude product obtained was purmed by
silica gel column chromatography to give title compound as a yellow liquid (0.8 g, yleld. 57.14
%).

Intermediate 18: Methyl 6-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tétrahydro-1~ ‘
benzothiophen-2-yl) amino] pyrldme-3-carboxylate '
To a stirred solution of 3, 4, 4 7, 7-pentamethyl-4, 5, 6, 7- tetrahydro -1- benzothlophen -2-
 amine (0.25 g, 1.17 mmol) in acetonitrile (3 mL), methyl 6-chloropyridine-3-carboxylate (0.1 g,
0.58 mmol) and C52C03 (0.6 g, 1.74 mmol) was added. The reaction mixture was hé’ated'
reflux at 100 2C overnight. The reaction mixture w'as quenched with water and extracted with
ethyl acetate, .washed with water and brine solutibn. The organic layer was dried over
anhydrous Na,SO. and concentrated under vacuum to obtain the crude oil, which was .
purified by silica gel column chromatography fo give title compound as a yellow solid (0.15 g,
yield: 72.58 %): ’

Intermediate 19: Methyl 6-[methyi (3, 4, 4, 7, 7-pemamethy|-4, 5, 6, 7¥tetrahydro-1- :
benzothiophén-z-yl) amino] pyridine-3-carboxylate
To a stirred solution of NaH (0.011 g, 0.45 mmol) in DMF (4 mL), methyl 6-[(3, 4, 4, 7, 7-
pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)aminb] pyridine-3-carboxylate (0.1 g,
0.28 mmol) in DMF (4 mL) was added at 0 °C. After 30 min, CHsl (0.063 g, 0.45 mmol) was '
added at 0 °C. The reaction mixture was allowed to stir at RT for 1h. The reaction mixture
was quenched with ice and extracted with ethyl acetate, washed with water and brine
solution. The organic layer was dried over anhydrous Na,SO, and concentrated under
- vacuum to obtain the title compound as a yellow hquld it was taken as such for next step (0.1
g, yield: 89.47 %).

. Compound 17: 6-[Methyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yi) amino] pyridine-3-carboxylic acid
To a stirred solution of methyl 6-[methyl(3, 4, 4, 7, 7-pentamethyl-4, 5. 6, 7- tetrahydro 1-
benzothiophen-2-yl)amino]pyridine-3-carboxylate (0.1 g, 0.3 mmol) in THF (2 mL), methanol
(2 mL) and water (2 mL), vNaOH (0.043 g, 1.0 mmol) was added at 0 °C. Then it was stirred
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at RT overnight. The reaction mixture was concentrated. The salt thus obtained was washed
with ether. The residue was dissolved in minimum amount of water, acidified with 1‘5.NQHCI
and extracted with ethyl acetate, dried and concentrated to obtain the crude product. it was -
purified by-preparative TLC to yield the title compound as yellow solid (0.02 g, yield: 18.6 %).
MS (ESI, 120 eV): m/z = 359.1 (M+H)". ‘

Example 18: 6-[Ethyl(3; 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-
yl) amino] pyridine-3-carboxylic acid -

7 o}
[ ~n= .
S
{ A\ / OH
. 18 . .
Compound 18 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-

benzothiophen-2-amine and methyl 6-chloropyridine-3-carboxylate by following the similar
procedure described in scheme 9 (‘0. 025 g, yield: 21.57%); purity: 94.38%.

_ Example 19: 6-[Cyclopropyl(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzo
‘thiophen-2-yl)amino]pyridine-3-carboxylic acid '

74 o)
/[ n=X
s
Lot
19

Compound 19 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-amine and methyl 6-chloropyridine-3-carboxylate by similar 'procédure
mentioned in scheme 9. Further, the N-alkylation of ester (intermediate 18) with
cyclopropylboronic acid was achieved by followed the similar procedure described for méking
intermediate 11 in scheme 5 (0.109 g, yield: 52.02 %); puritx: 98.}35%.

Example 20: 6-[(Cyc|opropylmethyl) (3,4,4,7, .7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] pyridine-3-carboxylic acid
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20

- Compound 20 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7tetrahydro1
benzothiophen-2-amine -and methyl 6- chloropyrldnne -3-carboxylate by followmg the similar
procedure in scheme 9 (0. 025 g, yield: 17. 85 %); purity: 98.96 %.

Example 21: 6-[(3, 4, 4 7,7- Pentamethyl -4, 5, 6, 7-tetrahydro-1- benzothlophen -2-yl)
(propan 2-yl) ammo] pyndme -3-carboxylic acnd

: o)
NN
N

| 2 L

Compound .21 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-»'
benzothiobhen-z-amine and methyl 6-chloropyridine-3-carboxylate by following the similar -
procedure in scheme 9 (0. 012 g, yield: 25.94 %); purity: 95.69%.

Example 22: 6-[(MethylsulfonYl) 3, 4', 4,7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] pyridine-3-carboxylic acid '

o N \/ OH

22
Compound 22 was syhthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-é-amine and methyl 6-chloropyridine-3-carboxylate by following the similar
. procedure in scheme 9 (0. 02 g, yield: 64.52%); purity: 98.13%: purity: 98.13%.

Scheme 10
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Compound 23

Example 23: 2-[Methy! (3, 4, 4, 7, 7- pentamethyl -4, 5, 6, 7-tetrahydro -1-benzothiophen-2-
yl) amlno] pyrlmldme-s-carboxyllc acnd

Compound 23 was synthesized from 3, 4, 4, 7A 7-pentamethyl-4, 5, 6,.7-tetrahydro-1-
benzoth|ophen -2-amine and ethyl 2-(methylsulfonyl) pyrimidine-5-carboxylate by followmg the
procedure described in scheme 10; purity: 90.31%.

Intermediate 20: Ethyl 2-(methylsulfanyl) pyrimidine-s-carboxwate

To the stirred solution of ethyl 4-chloro-2-(methylsulfanyl)pyrimidine-5-éarboxylate’(4.0 g, 17.2
vmmol) in ethanol! in hydrogenation vessel,‘_Nazc'Og (1.4 g, 16.7 mrhol) and 10% Pd-C(2.0 g)
was added and degassed for about 10 min. The reaction- mixture was kept in hydrogenation
parr shaker(60 psi) for 48h The reaction mixture was filtered through the celite, washed with
ethanol, concentrated under reduced pressure to get the title product as a pale yellow llqwd
(3.3 g.vield: 98.2 g, %). m/z = 199.1(M+H)*.

Intermedlate 21: Ethyl 2- (methylsulfonyl) pyrimidine- 5-carboxylate
To a stirred solution of ethyl °- (methylsulfanyl) pyrimidine-5-carboxylate (3.3 g, 16.6 mmol) in
DCM (30 mL), m-CPBA (11.49 g, 66.5 mmol) in DCM(30 mL) was added drop wise.. The
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reacﬁon’ mixtu're was stirred at RT for 3h. The reaction mixture was quenched with water and
extracted with ethyl acetate, washed with saturated NaHCO; solution, water and brine. The
o}ganic layer was dried over anhydrous Na,SO, and concentrated under vacuum to obtain
the product as off white-solid.- This has beén taken as such for the next step (2.0 g, yield:
52.0 %); _‘H NMR (300 MHz, DMSO-dg): 5 9.48(s, 2H), 4.39-4.46(q, 2H), 3.48(s, 3H), 1.33-
1.39(t, 3H). '

Intermediate 22: Ethyl 2-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] pyrimidine-5-carboxylate

To a stirred solution of NaH (0.31 g, 12.5 mmol) in' THF(10.0 mL), 3, 4,4, 7, 7-pentamethyl-4,
5 6, 7-tetrahydro-1-benzothiophen-Q-amine(z.0 g, 86  mmol)  and ethyl - 2-
(methylsulfonyl)pyrimidine-5-carboxylate (1.93 g, 8.6 mmol) in THF(10 mL) was added at 0
2C. The reaction mixture was stirred at RT for 12h. The reaction mixture was quenched with
water and extracted with ethyl acetate ‘washed with water and brine. The drganic layer was
dried over anhydrous Na2804 and concentrated under vacuum to obtain the crude product as
an orange colour liquid. ThIS has been taken as such for the next step (1.4 g, yield: 44.5 %);
m/z = 374.2(M+H)".

Intermediate 23: Ethyl 2-[methyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] pyrimidine-5-carboxylate :
To a stirred solution of NaH (0.11 g, 4.6'mmo() in THF (3 mL), ethyl 2-[(3, 4, 4,.7, 7-
pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl) amino] pyrimidine-5-carboxylate (0.7
g, 1.87 mmol) in THF was slowly added at 0 °C, followed by addition of CHil (043 g, 2.9

- mmol). The reaction mixture was stirred ai RT for 3h. The reaction mixture was quenched
with ice and extracted with ethyl acetate, washed with water. and brine. The organic layer was -
dried over anhydrous Na,SO, and concentrated under vacuum to obtain the crude product as
an orange colour liquid. This has been taken as such for the next step (0.04 g, yield: 5.4%):
m/z = 388.3(M+H)". '

Compound 23: 2-[Methyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-'

benzothiophen-2-yl) amino] pyrimidine-5-carboxylic acid '

To a stirred solution of ethyl '2-[methyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
“benzothiophen-2-yl) aminoj pyrimidine-s-_ca(boxylate (0.007 g, 0.018 mmol) Ain THF (1 mL),'

aqueous LiOH (0.0017 g, 0.074 mmol) and methanol (1 mL) was added and the solution was

stirred at'RT overnight. The reaction mixture was concentrated; obtained salt was washed

with ether. The residue was dissolved in minimum amount of water, acidified with 1.5 N HCI
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and extracted with ethyl acetate, dried and concentrated to obtain the title product as a white
solid (0.002 g, yield: 30.93 %). MS (ESI, 120 eV): m/z = 360.1 (M+H)".

Example 24: 2-[Cyclopropyl(3, 4, 4, 7, 7-pentamethyl-4, '5, .6, 7-tetrahydro-1-
benzothiophen-2-yl) amino] pyrimidine-5-carboxylic acid

24

Compound 24 was synthesized from >3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-amine and ethyl 2-(methylsulfonyl) pyrimidine-5-carboxylate by following the
similar procedure described in scheme 10. Further, the N-alkylation of ester (intermediaie 22)
with cyclopropylboronic acid was achie\)ed,b'y followed the similar procedure d_escﬁbed for
making intermediate 11 iﬁ scheme 5 (0. 0035 g, yield: 15.05 %); purity: 95.10 %.

Scheme 11 o

O
OMe 9 < > 2 Aq.LiOH
> OMe———-———————»
HATU/DIEA ~ THF/MeOH .
OMF, RT .V Intermediate 24 R.T 12h
Intermediate 17 12h v B
o : o]
NH OH
Compound 25

-Example 25: 4-[(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 74ietrahydro-1-benzothiophen-2-y|)
carbamoyl] benzoic acid ' '

5 : OH
e}
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Compound 25 was synthesized from 3, 4, 4, 7, 7-pema'met'hyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-amine and 4-(methoxycarbonyl) benzoic acid by following the procedure
described in scheme 11; purity: 98.24%.

Intermediate 24: Methyl 4-[(3, 4, 4, 7, 7-pentamethyi-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) carbamoy!] benzoate .
To a stirred solution of 4-(methoxycarbonyl)benzoic acid (0.16 g, 0.9 mmol) in DMF(3 mL}, 3,
4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothi ophen-2-amine (0.2 g, 0.9 mmol) and
HATU (0.41 g, 1.1 mmol) was added under N, atmosphere. Finally, DIEA (0.69 g, 5.4 mmol)
was added at 0 °C. Reaction mixture was alloWed to stir at RT overnight. The reaction.
mixturé was quenched with ice and extracted with ethy! acetate, washed with water and brine
solution. The organic layer was dried over anhydrous Na,SO, and concentrated. The crude
~product obtained was purified by column chromatography to give title compound as a yellow
solid (0.04 g, yield: 11.53%)..'"H NMR (300 MHz, DMSO-ds): 8 10.21(s, 1H), 8.02-8.10(m,
4H), 3.90,(5, 3H), 2.14(s, 3H), 1.66(s, 4H), 1.23-1.26(d, 12H).

Compound 25: 4-{(3, 4, 4, 7, 7-Peniam'ethyl-4, 5, 6, 7-tetrahydro-1 -bénzothibphen-Z-yl)
carbamoyl] benzoic acid '

To a stirred solution of methyl 4 -[(3, 4, 4, 7 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothlophen-2-yl)carbamoyl]benzoate {0.04 g, 0.1 mmol) in THF (1 mL), methano! (1 mL)
and water (1 mL), LIOH (0.025 g, 1.0 mmol) was added at 0 °C. The reaction mixture was
stirred at RT overnight. The reaction mixture was qﬁenched with dil. HCI. The aqueous
solution was extracted with ethyl acetate and the organic extracts were combined, washed
with” water and brine, dried over anhydrous Na,SO, and concentrated in vacuum. The
obtamed solid was further purified by preparative TLC to give the title compound as a yellow
solid (0.009 g, yield: 2. 42%) MS (ESI 120 eV): m/z = 372.2(M+H)".

Scheme 12
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Example 26: 6-[Methyl (3, 4, 4-trimethyl-4, 5 6, 7tetrahydro 1- benzothuophen -2- yl)
amnno] pyridine-3-carboxylic acid

D/I(
/| Ton
SN

. 26

Compound 26 was synthesized from 3, 4, 4-trimethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2:
amine and methy! 6-chloropyridine-3-carboxylate by following the procedure in scheme 12;
purity: 92.31%. '

‘Intermediate 25: (4-Methylthlophen 2-yl) methanol

To a stirred solution of 4- methylthnophene -2-carbaldehyde (6.0 g, 47.6 mmol) in ethanoi (15
mL), NaBH, (2.1 g, 57.0 mmol) was added at 0 °C under N, atmosphere and was continued to
.be stirred at RT 12h. The reaction mixture was quenched with ice and extracted with ethyl
‘acetate, washed with water and brine. The organic layer was driéd over anhydrous Na,SO.
and concentrated under vacuum to obtain the title product as orange colour fiquid (5.2 g,
yield: 85.2 %). 'H NMR (300 MHz, DMSO-dg): & 6.96(s, 1H), 6.76(s, 1H), 5.34-5.38(t, 1H),
4.55-4.56(d, 2H), 2.16(t, 3H). ’ ' '

- Intermediate 26: 2-(Chloromethyl)-4-methyithiophene
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To a stirred solution of (4-methylthiophen-2-yl) methanol (5'.2 g, .40.5 mmol) in THF (50 mL),
- SOCl, (5.78 g, 48.6 mmol) was added and heated at 50 °C fof 3h. The reaCti_dn mixture was
quenched with ice and extracted with ethyl acetate, washed with water and brine. The organic
layer was dried over anhydrous NapSO, and concentrated under vacuum to obtain the fitle-
product as light. brown colour liquid (5.0 g, yield: 83.9 %). 'H NMR (300 MHz, DMSO—ds): 8]
7.14(s, 1H), 7.00(s, 1H), 4.97(s 2H), 2.16(t, 3H). '

“Intermediate 27: 4-Methy!-2-{[(4-methylphenyl)} sulfonyl] methyl} thiophene ’

To a stirred solution of 2-(chloromethyl)-4-methylthiophene (5.0 g; 33.3 mmol) in DMF (50
mL), sodium p-toluene sulfinate (5.9 g, 33.3 mmol) was added. The reaction mixture was
heated at 100 °C for 2h. The reaction mixture was then quenched with water and extracted
with diethyl ‘ether and washed with water and brine. - The organic layer was dried over
'anhydrous Na,SO, and concentrated under vacuum to obtain the crude product. The crudev
product obtained was purified by silica gel column chromatography, using petroleum ether
(60- 80) and ethyl acetate as eluent to give the title product as off white solid (5.2 g, yield:

58.9%): '"H NMR (300 MHz, CDCl,): & 7.52-7.55(d, 2H), 7.19-7.22(d, 2H), 6. 76(s 1H), 6.65(s,

1H), 4.36(s, 2H), 2.36(s, 3H), 2.11(s, 3H)

Intermediate 28: 4-Methyl-1-(4-methylthiophen-2-yl) pent-3-en-1-yi 4-
methylphenylsulfone » :
To a suspension of NaH(0.16 g, 6.8 . mmol) in THF (3 mL), 4-methyl-2-{{(4-
methylphenyI)sulfonyl]methyl}thiephene (0.9 g, 3.4 mmol) in THF(3 mL) was added and the
resulting mass was stirred at 0 °C for 30 min. To the above solution 1-bromo-3-methylbut-2-
_ene (0.51 g, 3.4 mmol) in THF (3 ml) was added slowly at 0 °C and the resulting mixture was
“stirred RT for overnight. The reaction mixture was quenched with water and extracted with
ethyl acetate, washed with water and ‘brine. The organic layer was dried over anhydrous
Na,SQ, and concentrated. The crude product obtained was purified by combiflash to give the . ,
title compound as white solid (1.0 g, yield: 88.0%). ' ‘ ‘

,Int'ermediate 29: 3, 4, 4-Trimethyl-7-[(4-methylphenyl) sulfonyl}-4, 5, 6, 7-tetrahydro-1-
benzothiophene

To a solutlon of 4-methyl-1-(4- methy|th|ophen -2-yl)pent-3-en-1-yl 4- methylphenyl sulfone(2.5
g, 7.23 mol) in liquid SO, (40 mL), FSOs;H (0.4 mL) was added at -78 °C, and stirred at the
same temperature for 15-min. The reaction mixture was quenched with CH,ONa and then
neutralized with NaOH solution and extraeted with diethyl ether. The organic layer was
washed. with water and brine' solution, dried over NaZSOo, filtered and. concehtrated. The
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-crude product obtained was purified by combiﬂash to give the titte compound as colou'rless
gummy material (1.5 g, yield: 60.0 %). ' ' ‘ '

Intermediate 30: 3, 4, 4-Trimethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene
To a solution of 3, 4, 4-trirriethyl-7-[(4-methylphenyl)sulfdnyl}-4, 5, 6, 7-tetrahydro-1-
benzothiophene(1.5 g, 4.4 mmol) in toluene (10 mL), DIBAL-H (6.5 th, 1M soln. 1.5 eq) Wasb'
added at RT in one lot. Then' it was stirred at 0 °C for 5 min and carefdlly quenched with -
‘ ethanol (0.5 mL), water (1.0 mL) and conc. HCI (0.5 mL). The reaction'mixture was extracted
with diethyl ether, washed with aqueous NaOH solution, water and brine. The organic layer
was dried over anhydrous Na,SO, and concentrated. The crude product obtained was
purified b’y‘c'o_mbiflash ta give the title product as colourless oily product (0.5 g‘.yie'ld: 61.2 %):
'H NMR (300 MHz, CDCly): & 6.64(s, 1H), 2.70-2.74(m, 2H), 2.31(s, 3H), 1.78-1.86(m, 2H),
1.59-1.63(m, 2H), 1.28(s, 6H). ~ '

Intermediate 31: 3, 4, 4-Trimethyl-2-nitro-4, 5, 6, 7-tetrahydro-1-benzothiophene

To a solution of 3, 4, 4-trimethyl-4, 5,6, 7-tetrahydro-1-benzothiophene (0.25 g, 1.4 mmol) in
DCM (2 mL), NHsNO; (0.13 g, 1.62 mmol) was added at 0 °C followed by slow addition of
TFAA (0.58 g, 2.8 mmol). The resulting solution was stirred at 0 °C for 30 min followed by
continued stirring at RT for-3h. The reaction mixture was.then quenched with ice water and
extracted with DCM. The organic layer thus obtained was washed with water and brine, dried
over Na;SO;, filtered and concentrated to obtain a black mass. The resultant mass was
_ purified by preparative TLC to. obtain the title compound as colourless oily product (0.07 9.
yield: 22.4 %): 'H NMR (300 MHz, CDCls): & 2.71-2.75(m, 2H), 2.69(s, 3H), 1.79-1.87(m, 2H),
1.63-1.67(m, 2H), 1.33(s, 6H). ’

Intermediate 32: 3, 4, 4-Tr‘imet'hyl-4, 5, 6, 7-tetrahydro-1-be'nzothiophen;2-amine :

-To .a solution of 3, 4, 4-trimethyl-2—nitro~4, 5, 6, 7-tetrahydro-1-benzothiophene (0.14 g, 0.62
mmol) in méthanol (3 mL), ammonium formate (0.19 g, 3 mmol) and zinc dust (0.2 g, 3.0
-mmol) was added and stirred at 0 ¢C for 30 min. The reaction mixture was gquenched with
water and then filtered through celite. Methanol was removed under vacuum and the crude
was diluted with ethyl acetate, organic iayer was washed with water and brine solﬁtion, dried
over Na,SQO,, filtered and concentrated to give the title compound’és a brown oily product (0.1
g, yield: 82.3 %); MS (ESI, 120 eV): m/z = 196.1 (M+H)".

Intermediate 33: Methy! 6-[(3, 4, 4-trimethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)
amino] pyridine-3-carboxylate
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A 20 ml pressure tube with screw cap ‘was charged with 3, 4, 4-trimethyl-4, 5, 6, 7-tetrahydro-
1-benzothiophen-2-amine(0.1 g, 0.5 mmol), methyl 6-chioro pyridine-s-carbdxylate (0.043 g:
0.25 mmol), CS,C0;(0.325 g, 1.0 mmol), toluene and xantphos (0.014 g, 0.025 mmol). Argon
was purged through the reaction mass for 15 min followed by addition of Pd,(dba); (0.022 g,
0.025 mmol) and the reaction mixture was then heated at 100 ‘?C_ovemight. The reaction
rhass was diluted with water and extracted with ethyl acetate, organic layer and was washed
with water and brine “solution, dried. over Na,SO,, filtered and concentrated The crude
product obtained was purified by combiflash to give the title compound as brown oily product
(0.04 g, yield: 24.2 %); MS (ESI, 120 eV): m/z = 331.1 (M+H)".

Intermediate 34: Methyl 6-[methyl (3, 4, 4- trlmethyl -4, 5, 6 7-tetrahydro-1-

benzothiophen-2-yl) amino] pyridine-3- carboxylate

To a 20 ml pressure tube with screw cap, methyl 6-[(3, 4, 4-tnmethyl -4, 5, 6, 7-tetrahydro-1-

benzothiophen-2-yl) amino] pyridine-3-carboxylate (0.04 g, 0.12. mmol), CS,CO; (0.078 g.

0.24 mmol), CHg! (0.03 g, 0.24 mmol) and DMF (2 mL) was charged and the resultant mixture

was heated at 80 °C overnight. The reaction mass was diluted with water and extracted with

diethyl ether. The organic layer thus obtained was washed with water and brine solutions,

- dried over Na,SO, and concentrated. The crude mass was taken as such for the next step -
(0.05 g); MS (ES, 120 eV): m/z = 345.0 (M+H)*. ' |

Compound 26: 6-[Methyl (3, 4, 4-trimethyl-4, 5, 6, 7- tetrahydro-1 benzothlophen~2-yl)
ammo] pyridine-3- carboxyllc acid :

A 25mL RB flask fitted with magnetic stirrer was charged with methanol (1 mL) and THF (2
mL). To the stirred solvent methyl 6-[methyl (3, 4, 4-trimethyl-4, 5, 6, 7-tetrahydro-1--
benzothiophen-2-yl) amino] pyridine-3-carboxylate (0.05 g, 0.14 mmol) and ag. NaOH (0.011
' g', 0.28 mmol) was added and the flask was stirred at RT for 12h. The reaction mixture was
concentrated completely and the crude was washed with ether, and diluted with water,
neutralized with citric acid and éxtractéd with ethyl acetate. The organic layer thus obtained
was washed with water and brine, dried over Na,SO., filtered an‘d.concemrated. It was

purified by preparative TLC to yield the product as colourless solid (0.01 g. yield: 30.3%) MS
(ES, 120 eV): m/z = 331.1 (M+H)". | |

‘Scheme 13



WO 2015/107549 PCT/IN2015/000010
78

Br intermediate 1

[y _ AodooM BULITHE NBS/DCM ’
| N T i N—pgr
s T ocoRT 78°C4h s oca s
12h

Intermediate 35 Intermediate 36 . Intermediate 37

M C,H,1/CS,C
Pd,(dba),/Xantphos : GRleSC0, S,C0;,
DMF 90 °C
CS,CO4/Toluene o
110 Intermediate 38 . Intermediate 39 oo
Aq NaOH
THF/MeOH

Compound 27

'Example 27: 4-[Ethyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1 -benzothiophén-2~y|) )
amino] benzoic acid ' '

27
Compound 27 was sy‘nthesized from 2-bromo-4, 4, 7, 7- -tetramethyl-4, 5, 6, 7-tetrahydro-1-
benzothlophene and methyl 4-aminobenzoate by following the procedure described in
scheme 13; purity: 96. 71%

Intermediate 35: 3-Bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1-benzo thidphene '
To a suspension of AIC; (12.2 g 92.0 mmol) in DCM (100 mL) at 0 °C, a solution of 2, 5-
dichloro-2, 5-dimethylhexane (1 6.8 g, 92.0 mmol) and 3- bromothiophene (1 S.O_yg, 92.0 mmol)
in DCM (50 mL) was slowly added and stirred at RT bvernight. The reaction mixture was
poured in to a beaker contain‘i'ng ice and extracted with DCM. The‘combin_ed orgahic\iayer ‘
was washed with water and brine, dried over Na,SO, and concentrated to obtain a black
mass. It was puriﬁed' by silica gel (230-400 mesh) colufnn chromatography to give the

: compouﬁd pale yéllow oi(y product (8.0 g, yield: 31.84%).'"H NMR (300 MHz, CDCI;,): )
6.99(s, 1H), 1.62(s, 4H), 1.34(s, 6H), 1.23(s, 6H). '

Intermediate 36: 4, 4, 7, 7-Tetramethyl-4, 5, 6, 75tetrahyd'ro-1-benzothiophene
To a stirred solution of 3-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene
. (4.0 g, 14.0. mol. 0.029 mmol), n-BuLi (18.0 mL, 1.6M in hexane) was added at -78 °C under
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N. atmosphere and stirred at the same temperau}re for 4h. The reaction mixture was
quenched with saturated NH,Ci 'solutidn and extracted with dieihyl ether. The combined
organic layer was washed with water and brine, dried over Na,SQ,, filtered and concentrated.
it was purified by silica ge! (230-400 mesh) column chromatography to give the title -
compbund as pale yéllo,w oily product (2.5 g, yield: 88.0%). '‘H NMR (300 MHz, CDCl,): &
© 6.98-6.99(d, 1H), 6.76-6.78(d, 1H), 1.59-1.67(m, 4H), 1.24(s, 6H), 1.15(s, 6H).

" Intermediate 37: 2-Bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1-benzo thiophene
To a solution of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene(0.5 g, 2.5 mmol)
in DCM (5 mL), NBS (0.5 g, 2.8 mmol) was added in portions at 0 °C and stirred at the same
temperature for 2h. The reaction mixture was quenched with water and extracted with DCM.
‘The organic layer was washed with water and brine, dried over Na,SO.. filtered and
concentrated. The crude rhaterial obtained was purified by combiflash to give colourless'oiiy
product (0.55 g, yield: 76.9 %). 'H NMR (300 MHz, CDCly): 5 6.69(s, 1H), 1.55-1 64(m 4H),
1.20(s, 6H), 1.11(s, 6H). '

Intermediate 38: Methyl4 [(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1 benzothlophen-
2-y|)am|no]benzoate

A 25 ml pressure tube with screw cap was charged with 2-bromo-4, 4, 7, 7-tetramethyl-4, 5,
6, 7-tetrahydro-1-bénzothiophene ( 0.55 g, 2.0 mmol), methyi 4-aminobenzoate (0.61 g, 4.0
mmol), CS,COs (1.3 g, 4.0 mmol), toluene (10 mL) and xphos (0.06 g, 0.1 mmol). Argon was
purged through the reaction mass for 15 min followed by addition of Pd,(dba), (0.036 g, 0.04°
mmol) and the mass thus obtained was heated. at 100 °C overnight. The reaction mass was
diluted with water and extracted with ethyl acetate. The organic layer was washed with water
and brine solution, dried over Na,SO., filtered and concentrated,‘which was purified by
combiflash to give pale yelldw solid (0.17 g, yield: 24.5 %); MS (ESI, 120 eV): m/z:
344.1(M+H).,

Intermediate 39: Methyi 4- [ethyl 4,4,7, 7-tetramethyl-4 5,6,7- tetrahydro -1-
benzothiophen-2-yl) amino] benzoate » _

A 20 mi pressure tube was charged with methyl 4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-
1-benzothiophen-2-yl)aminolbenzoate (0.17 g, 0.5 mmol), CS,CO; (0.48 g, 1.5 mmol) and
DMF(3 mL). The reaction mixture was stirred at RT for 30 min, follwoed by addition of C,Hs!
(0.11 g, 0.74 mmol) and was heated at 90 °C for 4h. The reaction mixturé was diluted with
water and extracted with dlethyl ether. The organic layer was washed with water and brine,
dried over Na,SQ,, filtered and concentrated to brown oil, which was purified by combuflash to
give the title compound as a whnte solid (0.11 g, yneld: 59.8 %). 'H NMR {300 MHz; CDCl,): &
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7.77-7.80(d, 2H), 6.65-6.68(d, 2H), 6.44(s, 1H), 3.78(s, 3H), 3.61-3.68(q, 2H), 1.60-1.68(m
4H), 1.24(s, 6H), 1.18-1.20(t, 3H), 1.13(s, 6H).

Compound 27: 4-[Ethyl (4, 4, 7, 7-tetramethyl -4,5,6,7- tetrahydro1 -benzothiophen-2-yl)
amino] benzoic acid

A 25 mlL RB flask fitted with magnetic stirrer was charged with methanol (1 mL) and THF(2
-mbL). To the stirr_ed solvent methyl 4-[ethyl(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)amino] benzoate (0.11 g, 0.3 rﬁmol) and aqueous NaOH (0.023 g, 0.6
mmol) was added and stirred at RT for 12h. The reaction mixture was concentrated; the
crude obtained was washed with ether, and diluted with water and then neutralized with 1N
HCL. It was extracted with ethyl acetate, washed with water and brine, dried over Na,SO,,
filtered and concentrated. The obtained solid was further purified by preparative TLC to give
the title compéund as a pale brown solid (0.05 g, vyield: 50.0 %); MS (ESI, 120 eV): m/z=
358.2(M+H)". ’ '

Scheme. 14
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Example 28: 1-(3,4,4,7, 7- Pentamethyl-4 5,6, 7- tetrahydro- -benzothlophen -2-yl)-1H-
benzotriazole-5-carboxylic acid
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_ 28 .
Compound 28 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tétrahydro-1- ‘
benzothiophen-2-amine and methyl 4-iodo-3-nitrobenzoate by ftollowing the procedure
described in scheme 14; purity: 86.18%.

To solution of 4-iodobenzoic acid-(8.0 g, 32.2 mmol) in MeOH (80 mL); H.SO, (2.0 mL) was
added at 0 °C. The reaction mixture was refluxed at 70°C for 5h.The solvent was removed

Intermediate 40: Methyl 4-iodobenzoate

under vacuum, the residue obtained was dissolved in ethyl acetate, washed with saturated
NaHCO; solution and brine, dried over anhydrous Na,SO, and concentrated. It was further
purified by crystallization with DCM/n-hexane mixture to yield the title compound as a white
solid (8.0 g, yield: 94.0%): '"H NMR (300 MHz, CDCly): & 7.73-7.82(m, 2H), 3.91(s, 3H).

Intermediate 41: Methy! 4-iodo-3-nitrobenzoate

To an ice-cooled solution of methyl 4-iodobenzoate (8.0 g, 30.5 mmol) in conc. H,SO. (57
mL), a solution of conc. HNO; (45 mL) and conc. H,SO, (38.0 mL) was added drop wise. The
reaction mixture was stirred at RT for 5h, then quenched with ice, and extracted with ethy!
acetate. The organic layer was washed with saturated NaHCO; and brine (50 mL), dried over
anhydrous Na,SO, and evéporated under reduced préssure. The residue was recrystallized
from DCM/n-hexane to yield the title compound as yellow solid (7.0 g, yield: 74.71%).

Intermediate 42: Methyi 3-nitro-4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)amino]benzoaté ' '
To a solution of methyl 4-iodo-3-nitrobenzoate (1.0 g, 3.26 mmol) and intermediate 17(1.5 g,.
6.5 mmol) in dry toluene (20 mL), Pd.(dba)s; (0.15 g, 0.16 mmol), xantphos (0.16 g, 0.33
mmol) and Cs,CO; (3.2 g, 9.8 mmol) were added under inert atmos‘phere. The mixture was
refluxed at 110°C under Argon atmosphere for 5h, and then filtered through celite. The filtrate
was washed with water and brine, dried over anhydrous Na,SO. and evaporated under
reduced pressure. The residue obtained was purified by column chromatography and
crystal!ized» from n-hexane to yield title compéund as red colour liquid product (0.9 g, yield:
68.7 %).
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Intermediate 43: Methyl 3-amino-4-{(3, 4, 4‘, 7, 7-p,entam’ethyl-4, 5, 6, 7-tetrahydr6-1-
‘benzothiophen-2-yl)amino]benzoate o :

To a solution of methyl 3-nitro-4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)amino]benzoate {0.9 g, 2.2 mmol) in methanol (10 m‘L), zinc dust (0.71 g,
11.2 mmol) was added at 0 °C. The mixture was stirred at RT until cbmplétion, and then
filtered thrbugh celite. The filtrate was evaporated under reduced pressLlre. The residue was
extracted with ethyl acetate. The combined exiracts were washed with water and- brine
solution. The organic layer was dried over anhydrous NaZSO4 and concentrated reduced
pressure to give title compound asa yellow fluffy solid (0.8 g, yield: 96.39 %).

intermediate 44: Methyl 1-(3 4, 4,7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothlophen-z-yl) -1H-benzotriazole-5-carboxylate , .

“To an ice-cooled solution of methyl 3-amino-4- [(3 4, 4,7, 7-pentamethyl- 4 5, 6, 7-tetrahydro-
v 1-benzothlophen-z-yl)ammo]benzoate (0.4 g, 1.08 mmol) in THF (5.0 mL), a mixture of conc.

H2S0,4(2.0 mL) in HO (20 mL), was added followed by addition of solution of NaNO, (0.12 g,
1.73 mmol) in water (2.0 mL) drop wise. The mixture was stirred-at 0°C for 30 min, then
‘poured into water and extracted with ethyl acetate. The organic Iayer was washed with water
and. brine (30 mL), drled over anhydrous Na,SO, and evaporated under reduced pressure.
. The residue waé purified by flash column chromatography to vyield title compound as an pale’
“yellow solid (0.1 g, yield: 24.33 %): MS (ESI, 120 eV): m/z = (M+H)*; 'H NMR (300 MHz,
CDCl,): 8.85(s, 1H), 8.21-8.24 (d, 1H), 7.50-7.53 (d, 1H), 4.00 (s, 3H), 2.04 (s, 3H), 1.77 (s,
4H), 1.36-1.37(d, 12H). ' ‘

Compound .28: 1-(3,4,4,7, 7-Pentaméthyl-4,'5; 6, 7-tetrahydro-1-benzothiophen;z-yl)-
1H-benzotriazole-5-carboxylic acid

To'a solution of methyl 1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-
yl)-1H-benzotriazole-5-carboxylate (0.1 mg, 0.26 mmbl) in MeOH (2 mL) and THF (2 mL), Aq.
NaOH (0.052 g, 1.3 mmol) was added. The reaction mixture was stirred at RT for 1h. The
solvents were removed under reduced pressure completely; the ‘residue obtained was .
dissolved in minimum amount of water, acidified to pH 3 under cooling, extracted with ethyl
.acetate. The organic layer was washed with water and brine, dried over anhydrous Na,SO.,
and concentrated in vacuum. The obtained solid was further purified by trituration with hexane
to give the title compound as a white solid (0.025 g, yield: 26.04 %): MS (ESI, 120 eV):m/z =
370.1(M+H)*. '

Scheme 15
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Example 29: 4-[(E)-2-(3, 4, 4,7, 7- Pentamethyl-4 5, 6, 7-tetrahydro-1-benzothiophen- 2-
yl) ethenyl] benzoic acid

OH
N\ _/

S

29
‘Compound 29 was synthesized from 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tefrahydro-1-
-benzothiophene-2-carbaldehyde and methyl 4-{[bromo (triphenyl)-15-phosphanyl] methyl}
benzoate by following the procedure described in scheme 15; purity: 97.20%.

Intermediate 45:3,4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1- benzothlophene -2-
carbaldehyde

To a stirred two-neck 250 mL RB flask charged with AICI; (1.18 g, 5.6 mmol) and DCM (60
ml), 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene (0.96 g, 5.6 mmol) and
dichloromethyimethy! ether (0.5 mL) was added at 0 °C and the flask was continued to be
“stirred at RT for 4h. The reaction mixture was brdught to RT, quenched with ice and extracted
with ethyl acetate. The combined extracts were washed with water and brine. The organic
layer was dried over anhydrous Na,SO;-and concentrated at reduced preséure. The obtained
crude product was purified by silica gel column chromatography: to yield the title compound as
a white solid (0.6 g, yield: 47.0 %): MS (ESI, 120 eV): m/z = 237.1(M+H)". 'H NMR (300-MHz,
CDCls): 8 9.94(s, 1H), 2.55(s, 3H), 1.62(s, 4H), 1.26-1.27(s, 12H).

Intermediate 46: Methyl 4-{[bromo (triphenyl)-A°-phosphanyi] methyl} benzoate

To a stirred solution of methy! 4-(bromomet‘hyl) benzoate (1.0 g, 4.3 mmol) in acetonitrile (10

mk), PPh; (1.71 g, 6.5 mmol) was added and heated at 60 °C for 2h. The reaction mixture

was concentrated. The obtained residue was washed with water, brine solution and dried
- over anhydrous Na,SQ, and concentrated. It was purified by crystallization with toluene give

the title compound as white solid (1.5 g, yield: 70.4 %). a

Intermediate 47: Methyl 4-[(E)-2-(3, 4,4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) ethenyl] benzoate v ' .

To a stirred solution of NaH (0 067 g, 2.6 mmol) in THF (3 mL), methyl 4-{[bromo (triphenyl)-
AS-phosphanyl] methyl} benzoate (0.81 g, 1.65 mmol) was added slowly at 0 °C under N,
atmosphere and continued the stirring at same temperature for 45 min. To the above solution
3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophene-2-carbaldehyde (0.3 g, 1.2
mmol) in THF- (3 mL) was added, and the solution as continued to be stirred at RT-for 12h.
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The feaction mixture was then quenched with water and extracted with ethyl acetate. The
oorganic layer was washed with water and brine solution, dried over anhydrous Na,SO; and
concentrated in. vacuum. The resulting crude product was pUrified by silica gel column
chromatography to give the title compound as yellow solid (0.18 g, yleld 32.0 %): MS (ES|,
120 eV): m/z 369.1(M+H)*.

Compound 29: 4-[(E)-2~(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-
2-y|) ethenyl] benzoic acid '

~To a stirred solution of methyt 4-[(E)-2-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) ethenyl] benzoate (0.05 g, 0.13 mmol) in THF (2 ml), agueous NaOH
{0.0065 g, 0.27 mmol) was added. The mixture was stirred at RT for 12h. The reaction
mixture was cdncentrated, and the résidue was dissolved in minimum amount of water,
acidified to pH 3 under cooling, extfacted with ethyl acetate. The organic layer was washed

~ with water and brine, dried ‘over anhydrous Na,SO, and concentrated in vacuum. The
. obtained solid was further purified by preparative TLC to give the title compound as a yellow
solid (0. 004g yield: 8. 31%) MS (ESI, 120 eV): m/z 353.0(M-H)".

Example 30: 4-[(2)-2-(3, 4, 4, 7, 7-Pentaméthyl-4, 5,6, 7-tetrahydro-1-benzothio‘phen-2-
yl) ethenyl] benzoic acid

‘ Compound 30 was synthesized from 3, 4, 4, 7, 7-pentamethy!-4, 5 6, 7-tetrabydro-1-
benzothiophene-2-carbaldehyde and methyl 4-{[bromo (triphenyl)-I5-phosphanyl] methyl}
benzoate by following the procedure described in scheme 15 (0.0028 g, yield: 5.82%); purity:
98.45 %.

Example 31: 4-[2-(3, 4 4, 7 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1 -benzothiophen-2-yl)
- cyclopropyl] benzoic acid '
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. 31
‘Compound 31 was synthesized from 3, 4,'4,. 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophene-2-carbaldehyde and rhethyl 4-{[bromo (triphenyl)-15-phosphanyl] methyl)
benzoate by following the procedure described in scheme 15. Then the cyclopropanation
done by the procedure is as same'as described for intermediate 6. in scheme 2, folldwed by
' vhydroly'sis to yield the title product (0.004 g, yield: 4.17 %); purity: 96.84 %.

Scheme 16 : :
‘ S ACyDCM .) s, O cyimdni
/ > / S —
RT, 12h B EtMgBr/Toluene
. RT, 1h
Intermediate 2
NH,0Ac/acCH NaH/C,Hl
—_— —_—
100 °C, 1.5h THF,
OMe
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' < A\
Ag. NaOR/THF { AN o
—
MeOH, RT S
2h OH
Qompound 32 .

Example 32: 4-[1-Ethyl-5-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydfo-1-
-benzothiophen-2-yl)-1H-pyrrol-2-yl} benzoic acid '

32 )
Compound 32 was synthesized from 2-br6mo-1-(3, 4, 4, 7, 7-pentamethyl-4, 5 6, 7.

tetrahydro-1-bénzothiophen-2-yl)ethanone and 4-acetylmethylbenzoate by followihg the
procedure described in scheme 16; purity: 96.40%.

Iintermediate 48: 2-Bromo-1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)ethanone

To a stirred solution of AlCl; (1.54 g, 11.5 mmol) in DCM (10 mL), bromoacetylchloride (0.76
g,-1.1 mmol) was added at 0 °C. After 25 minutes, 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophene (2.4 g, 1.15 mmol) in DCM was added drop wise to the above .
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solution. The reaction mixture was stirred- at RT overnight and then refluxed for 1h. The
~ reaction mixture was cooled to RT, quenched with ice and extracted with ethyl acetate. The
‘combined extracts were washed with water and brine. The organic layer was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The obtained crude product
~was purified by silica gel column chromatography to yield the title compound as a brown
colour liquid (1.8 g, yield: 48.65%). ' '

Intermedlate 49: Methyl 4-[4-0x0-4-(3, 4, 4,7, 7- pentamethyl -4, 5, 6, 7-tetrahydro -1-
benzothlophen- -yl) butanoyl] benzoate ,

To a stirred solution of ethyl magnesium bromide [(1. O mL 3M solution}, 3.2 mmol)] in toluene
(10 mL), diethyl amine (0.24 g, 3.24 mmol) was added and the reaction mixture was stirred at
RT 15 minuteé. Then the 2-bromo-1-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
bénzothiophen-z-yl)ethanone (0:9 g, 2.7 mmol) and methyl-4-acetylbenzoate (0.39 g, 2.2 -
mmol) in toluene (10 mL) were added to the above $o|ution at 0 °C. The reaction mixture was
cooled to RT, quenched with water and extracted with ethyl acetate. The combined extracts
were washed with water and brine. The organic layer was dried over anhydrous Na,SO, and
concentrated reduced pressuré. The obtained crude product was purified by si|ica'gel column
chromatog}raphy to yield the title compound as a yellow solid-(0.35 g, yield: 37.29 %): '"H NMR
(300 MHz, DMSO-ds): & 8.11(s, 4H), 3.90(s, 3H), 3.37-3.41(t, 2H), 3.18-3.22(t, 2H), 2.54(s
-3H), 1.68(s, 4H), 1.29-1.33(d, 12H).

Intermediate 50: Methyl 4-[5-(3, 4, 4, 7, 7-Pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)-1H-pyrrol-2-yl] benzoate |

To a stirred solution of methyl 4-[4-0x0-4-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1- .
benzothiophen-2-yl) butandyl]_benzoate (0.29 g, 0.68 mmol) in acetic acid (5 mL), ammonium
acetate (2.63 g, 34.0 mmoI) was added. The reaction mixture was refluxed for 1.5h. The
reaction mixture was then quenéhed with water and extracted with ethyl acetate. The
combined extracts were washed with water and brine. The organic layer was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The obtained crude 'product
was purified by silica gel column chromatography to yield the titie compound as a yeliow fluffy
solid (0.1 'g, yield: 35.06 %): 'H NMR (300 MHz, CDCl;): & 8.39(s, 1H), 7.93-7.95(d, 2H),
7.43-7.46(d, 2H), 6.61-6.62(d; 1H), 6.27-6.28(d, 1H), 3.83(s, 3H), 2.32(s, 3H), 1.63(s, 4H),
1.25-1.26(d, 12H). ' ‘

Intermediate 51: Methyl 4-[1 -eth.yl-s-(s, 4, 4,7, 7-pentamethyi-4, 5, 6, 7-tetrahydro-1-’
benzothiophen-2-yl)-1H-pyrrol-2-yl] benzoate ‘
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To a stirred solution of NaH (0.007 g, 0.31 mmol) in DMF (2 mL), methyl 4-[5-(3, 4,4, 7. 7-
pentamethyl-4, 5, 6, 7~,tetrahydro-1-be‘nzothiophen-2-’yl)-1H-pyrrol-2-yl]‘ benzoate in DMF (1
mL) (0.09 g, 0.22 mmol)'was added drop wise at 0 °C. After 20 min, ethyl iodide (0.048 g,
0.31 mmol) was added. ' The reaction mixture was allowed to sﬁr at RT for 1h The reaction
mixture quenched with water, extracted and ethyl acetate. The combined extrécts were
washed with water and brine. The organi»c layer was dried over anhydrous Na,SO, and -
concentrated under reduced pressure. The obtained crude prodhct was purified by silica gel
column chromatography to yield the title compound as a yellow fluffy solid- (0.06 g, yield:
68.85 %): "H NMR (300 MHz, CDCly): 5 7.99-8.02(d, 2H), 7.43-7.46(d, 2H), 6.27-6.28(d, 1H),
6.16-6.17(d, 1H), 3.89-3.93(q, 2H), 3.87(s, 3H), 2.12(s, 3H), 1.65(s, 4H), 1.26-1.27(d, 12H).
0.79-0.86(t, 3H).

Compound 32: 4-[1-Ethyl-5-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-

benzothiophen-2-yl)-1H-pyrrol-2-yl] benzoic acid . ’

To a stirred solution of 4-[5-(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-

yl)-1H-pyrrol-2-yl] benzoate (0.06 g, 0.14 mmol) in THF (1 mL) " and methanol (1 fnL),

équeous NaOH (0.033 g, 0.83 mmol) was added at 0 2C. The mixture was stirred at RT for
"2h. The reaction mixture was concentrated, and the residue was dissolved in minimum

amount of water, acidiﬁed to pH 3 under cooling, extracted with ethyl acetate. The organic
- layer was washed with water and bfine, dried over anhydrous Na,SO, and concentrated. It

was purmed by trituration with n-hexane to yield the title compound as a yellow solld (O 034 g,

yield: 78.0 %): MS (ESI 120 eV): m/z = 420.2(M-H) *. ‘

Scheme 17
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Example 33: 4-[Methyl(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yh)amino]benzoic acid

7 IN _ o)
S%N/O)(d“
/ .
33

Compound 33 was synthesized from 2-bromo;4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3-
benzothiazol-5(4H)-one and methyl 4-aminobenzoate by folllowing the procedure described in
scheme 17; purity: 92.66%.

Intermediate 52: 2, 2, 5, 5-Tetramethylcyclohexane-1, 3-dione

To a solution of 5, 5-dimethylcyclohexane-1, 3-dione(100.0 g, 713.4 rhmol) in acetone(1L.),
" potassium carbonate(294.3 g, 2140.2 mmol) was added and stifred at RT _for 30 min. The

reaction mass was cooled to 0 2C and methyl iodide (404.9 g, 2852.6 mmol) was added and
.the rqaétion mixture was heated at 45 °C for- 5h. The reaction mixture was concentrated,

diluted with water and extracted with ethyl acetate. The combined organic layer was washed
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with water and brine, dried over Na2SO4 and concentrated. It was purified by crysfallization
using 2% ethyl acetate in n-hexane to yield the title compound as colourless needles (55.0 g,
yield: 45.83 %): 'H NMR (300 MHz, CDCly): & 2.54(s, 4H), 1.23 (s, 6H), 0.92(s, 6H).

_ Intermediate 53: 4-Bromo-2, 2, 5, 5-tetramethylcyclohexane-1, 3-dione

To a solution of 2, 2, 5, 5-tetramethylcyclohexane-1, 3-dione (20.0 g, 118.9 mmol) in CCls,
bromine (17.1 g, 107.0 mmol ). in CCl, (50 mL) was added at 0 °C and stirred at same
temperature for 4h. The reaction mixture was queriched with water, extracted and DCM. The
combined extracts were washed with water and brine. The organic layer was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The obtained crude product
was purified by silica gel (230- 400 mesh) column chromatography to yield the title compound
as a white solid (15.0 g, yield: 51.04 %)

Intermediate 54: 2-Amino-4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3-benzothiazol-5(4H)-one
A 200 ml pressure tube was charged with a solution of 4-bromo-2, 2, 5, 5-
tetfamethylcycthexaneJ, 3-dione(15.0 g, 60.0 mmol) in DMF(150 mL) to which thiourea (4.6
g, 60.0 mmol) and N, N-Diisopropylethylamine (23.2 g 180.0 mmol) was added and heated at -
100 °C overnight. The reaction mixture was then quenched with water, extracted and DCM.

- The combined extracts were washed V\{ith water and brine. The organic layer was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The obtained crude product
was purified by combiflash to yield the title compound as a black solid (2.0 g, yield: 14.6 %). /

Intermediate 55: 2-Bromo-4, 4, 7, 7-tetramethyl-6; 7-dihydro-1, 3-benzothiazoi-5(4 H)-one
To a solution of copper(ll)bromide (1.29 g, 5.8 mmol) in Acetonitrile, isoamyl nitrite {(1.01 g,
8.7 mfnol) waé added at 0 °C and then stirred for 15 min. To the stirring mass acetonitrile
solution of 2-amino-4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3-benzothiazol-5(4H)-one(1.3 g. 5.8
mmol) was added slowly at 0 °C and the reaction mixture was further stirred for 15 min and
then heated at 65 °C for 1h. The reaction mixture was filtered through celite and the filtrate
-was washed with water and brine solution dried over Na,SO, and concentrated to give'the
title product as brown solid (1.3 g, yield: 77.7 %): 'H NMR (300 MHz, CDCls): & 2.59(s, 2H),
1.37(s, 6M), 1.26(s, 6H). |

Intermediate 56: Methyl 4-[(4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-tetrahydro-1, 3-
. benzothiazol-2-yl) amino) benzoate ‘
- A 20 ml pressure tube with screw cap was charged with 2-bromo-4, 4, 7, 7-tetramethyl-6, 7-
dihydro-1, 3-benzothiazol-5(4H)-one( 1.2 g, 4.2 mmol), methyl 4-aminobenzoate(1.25 g. 8.3
mmol), CS,CO; (2.69 g, 8.3 mmol), xphos (0.12 g, 0.25 mmol) and 1, 4-dioxane (10 mL]
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Then it was purged with argon for 15 min. To the reaction mixture Pdy(dba); (0.078 g, 0.084
mmol) was added and the mixture was heated at 100 °C overnight. The reaction rﬁixture was -
diluted with water and extracted with ethyi acetate; organic layer was washed with water and
brine solution, dried over Na2S0O4 and concentrated. The crude product was recrystallized
from methanol to give the title product as colourless solid (0.5 g, yield: 33.3 %): 'H NMR (300
MHz, DMSO-dg): 6 10. 61(s 1H), 7 89-7.92(d, 2H) 7.69-7.72(d, 2H), 3.81 (s, 3H), 2.70(s, 2H),

- 1.35(s, 6H) 1.26(s, 6H).

Intermediate 57: Methyl 4-[(5-hYdroxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) ammo] benzoate
To a solution of methyl 4-[(4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7- tetrahydro 1, 3 benzothiazol-

- 2-yl) aminojbenzoate(0.05 g, 0.13 mmol) in methanol(2 mL) and THF(1 mL), Na,BH4 (0.005 ¢,
0.13 mmol) was added at 0 °C and stirred at same temperature for 3h. Reaction mass was
quenched with saturated NH,CI solution and concentrated. The resulting mass was diluted
with ethyl acetate and the organic layer was washed with water and brine solution, dried over

- Na,SO, and concentrated to give the title product as colourless solid (0.05 g, yield:. 99.4 %);: ‘
'H NMR (300 MHz, DMSO-d): & 10.44(s, 1H), 7.87-7.90(d, 2H), 7.67-7.70(d, 2H), 4.73-

- 4.74(d, 1H), 3.80(s, 3H), 3.69-3.73(m, 1H), 1.69-1.75(m, 2H), 1.32(s, 3H), 1.25-1.27(d, 6H),
1.05(s, 3H). ‘ ‘

Intermediate 58: Methyl 4-[(5-hydroxy-4, 4, 7, 7- tetramethyl -4, 5, 6, 7-tetrahydro-1 3-
benzothiazol-2-yl) (methyl) amino] benzoate :

To a 20 mi pressure tube with screw a cap was charged with methyl 4-[(5-hydroxy-4, 4, 7, 7-
tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)amino]benzoate(0.05 g, 0.14 mmol),
CS,C0;(0.13 g, 0.4 mmol), CHsl (0.039 g, 0.28 mmol) and DMF(2 mL). The reaction mixture
was heated at 90 °C overnight. The reaction mixture was diluted with water and extracted
with diethyl ether, organic layer was washed with water and brine solutions dried over Na,SO.

and concentrated to give the title product as pale brown solid (0.04 g, yield: 77.01 %).

Intermediafe 59: Methyl 4-[methyl (4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-benzo thiazol-
2-yl) amino] benzoate '

To a solution of methyl 4-[(5-hydroxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7- tetrahydro 1 3-
'benzothlazol-z-yl)(methyl)ammo]benzoate(O.1 g, 0.26 mmol) in pyridine (5 mL), POCI; (0.08
g, 0.53 mmol) was added at 0 °C and heated at 100 °C in a dean stark apparatus for 1h. The
reaction mixture was quenched vs}ith water, extracted and DCM. The combined extracts were
washed with water and brine. The organic layer was dried over anhydrous Na,SO, and
concentrated reduced pressure to give the title compouhd as a colourless solid (0.08 g, yield:
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74.8 %): "H NMR (300 MHz, CDCly): & 7.94-7. 97(d 2H), 7.41-7.44(d, 2H), 5.38-5.48(dd, 2H),
3.84(s, 3H), 3.50(s, 3H) 1.24-1.25(d, 6H).

Intermediate 60: Methyl 4-[methyl (4, 4, 7, 7-tetramethyl -4, 5, 6 7-tetrahydro-1 3-
benzothiazol-2-yl) amino] benzoate _

A Parr shaker vessel was charged with methyl 4-[methyl (4, 4, 7 7—tetramethy|-4, 7-dihydro-1.
3-benzothiazol-2-yl) amino] benzoate (0.06 g, 0.16 mmol), ethyl acetate (5 mL) and methanol
(2 mL), and purged with N, for about 2 min. Then 10 % Pd-C (0.02 g) was added to the -
‘'vessel ‘and it was kept for hydrogenation (50 psi) overnight. The product formation was
monitored by LCMS. Then additional 10% Pd-C.(50.0 mg) was added and the reaction
mixture was once again kept for hydrogenation at 50 psi for 2 days. The solvent was removed
under reduced pressure. It was purified by preparative HPLC to give the title compound as a
white solid (0.012 g, yield: 19.9 %)." ‘ ’

Compound 33: 4-[Methyl (4, 4, 7, 7-tetramethyl-4, 5 6, 7-tetrahydro-1, 3-benzoth|azol 2-
yl)ammo]benzonc acid
A 10mL RB flask fitted with magnetic stlrrer was charged with methanol (1 mL) and THF (2
mL). To the stirred solvent methyl 4-[methyl(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl)amino] benzoate (0.015 g, 0.041 mmol) and ag. NaOH (0.016 g, 0.41
mmol) was added and stirred at RT for 12h. The reaction mixture was evaporated
completely and the crude was.washed with ether, and diluted with water and then neutralized
. with 1INHCI and then extracted with ethyl acetate. The organic layer was washed with water
and brine, dried over Na,SO, and concentrated It was purifiéd by trituration with n-hexane to
yield the title compound as a white solid (0.01 g, yield: 69.4 %): MS (ESI 120 eV): m/z =
345.2 (M+H) ",

Example 34: 4-[Methyl (4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-benzothiazol-2-yl) amind]
benzoic acid ' L

72 /N . ’ (o]
S%NfQ/Q oH
/
34

Compo_und_ 34 was synthésized' from 2-brom6-4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3:
benzothiazol-5(4 H)-one and methyl 4-aminobenzoate by following the procedure described in
-~ Scheme 15 (0.01 g, yield: 52.05 %); purity: 93.68 %.
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- Example 35: 4-[(5-Ethoxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7—tetrahydro-1, 3-benzothiazol-2-
yl) (methyl) amino] benzoic acid - ‘ '

/o,
7 /N 0
S—‘<NOH
/

. 35 .
- Compound 35 -was -synthesized from 2-bromo-4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3-
" benzothiazol-5(4 H)-one and methyt 4-aminobenzoate by following the proéedure described in
scheme 16 (0.005 g, yield: 43.28 %); purity: 84.49 %.
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. Example 36: 4- [Cyclopropyl (4,4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothlazol-2-yl) amino] benzoic acid

Z /N O
S_{N/@//(C’H
. , 36 .
- Compound 36 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-

benzothiazol-2-amine and ethyl 4- |odobenzoate by following the procedure described in
scheme 18; purity: 98.84%.

.Intermediate 61: 3-Hydroxy-2, 2, 5, 5-tetramethylcyclohexanone

To a stirred solution of 2, 2, 5, 5-tetramethylcyclohexane-1, 3-dione (10 g, 59.5 mmol) in
methanol (100 mL), NaBH, (0.67 g, 17.86 mmol) was ’added at 0 °C portion wise. The
reaction mixture was allowed to stir ét 0 2C for 2h. The reaction mixture was quenched with
ice. The methanol was removed and extracted with ethyl acetate. The combined extracts
were washed with water and brine. The organic layer was dried over anhydroué Na,SO. and
concentrated. The crude product obtained was purified by column chromatography to glve the
title compound as a white gummy solid (7 0 g, yield: 100. 0 %).

'Intermediate 62: 2, 2, 5, 5-Tetramethylcyclohex-3-en-1-one
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To a stirred solution of 3-hydroxy-2, 2, 5, 5-tetramethylcyciohexanone (8 g, 47.1 mmol) in
pyridine (30 mL); was added phosphorous oxy chloride (14.43 g, 94.1 mmol) at 0 ¢C. After
addition, reaction mixture was heated to 100 °C with Dean stock apparatus for 2h. The
reaction mixture was qu.enched with 1.5 N HCI and extracted with ethyl acetate. The
combined extracts were washed with water and brine. The organic layer was dried over
anhydrous Na,SO, and concentrated to give the title compound as yellow liquid (8.0 g, yield:
100.0 %). ' ' '

Intermediate '63: 2, 2, 5, 5-Tetramethylcyclohexanone ‘

A stirred solution of.2, 2, 5, 5-tetramethylcyclohex-3-en-1-one (8 g, 52.6 mmol) in ethyl
acetate (80 mL) was purged with nitrogen for 10 min. To the resulting solution 10% Pd-C (3.0 .
g) was added. The reaction mixture was kept at hydrogenation parr shaker (50 psi) for 3
days. - The reaction mixture was filtered through celite pad, washed with ethyl acetate and
concentrated to give the title compound as green liquid (3.8 g, yield: 46.76 %): '>C-DEPT
NMR (300 MHz, DMSO-ds): 5 50.6, 36.2, 33.8, 28.1, 24.8. »

Intermediate 64: 4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-amine

To a 250 ml pressure tube with screw cap charged with 4, 4, 7, 7-téframethy|—4, 5,6, 7- v
-tetrahydro-1, 3-benzothiazol-2-amine (6.0 g, 38.9 mmol) in ethanol (30 mL), thiourea (8.9 g,
116. 9-mmol) was added and heated at 60 °C for 15 min. To thevabo've solution lodine (9.8 g,
38.6 mmol) was added and heated at 95 °C overnight. The reaction mixture was quenched
with wafer» and extracted with ethyl acetate. The combined extracts were washed with water
and brine. The organic layer was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give the title compound as yellow solid.(0.3 g, yield: 7.51 %): MS (ESI.
120 eV): m/z = 211.1(M+H)". ' '

Intermediate 65: Ethyl 4-[(4, 4, 7, f—tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yl)amino]benzoate ' 4 ’

To a 100 mi pressure tube with screw cap charged with 3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-bénzothiophén-2-amine (0.3 g, 1.4 mmol) in toluene(5 mL), éthyl 4-iodobenzoate
(0.2 g, 0.72 mmol), CS,COs (0.7 g, 2.16 mmol) and xhos (6.0 g, 38.9 mmiol) waé added. The
reaction mixture was pufged with argon for 20 min, after which Pdy(dba); (0.009 g, 0.04
mmol) was added. The reaction mixture was heated at 100 °C overnight. The reaction
mixture was quenched with water and extracted with ethyl acetate. The combined extracts
were washed with water and_brine. The organic layer was dried over anhydrous Na,SO, and
concentrated and reduced. The crude product obtained was puriﬁedbusing combiflash to give
the title compound as yélldw solid (0.2 g, yfeld: 39.85 %).
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Intermediate 66: Ethyl 4-[(cyclopropyimethyl) (4, 4,7, 7‘-tetramethyl-4, 5, 6, 7-tétrahydro-
1, 3-benzothiazol-2-yl) amino] benzoate

To a two-neck 25 mL RB flask charged with copper (Il) acetate (0.122 g, 0.61 mmol), 2 2'-
bipyridine (0.095 g, 0>.61 mmol) in DCE (5 mL) was added. The reaction mixture was heated
at 70 C for 30 min, then was added cyclopropylboronic acid (0.1 g, 1.22 mmol), ethyl 4-[(4, 4,
7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3;benzothiazol-2-yl)amino]benzoate (0.22 g, 0.61
mmol), Na,COj3 (0.128 g, 1.22 mmol) and molecular sieves (0.25 g) were added at 70 °C and
continued the heating overnight. The reaction mixture was quenched with water, extracted
with ethyl acetate. The combined extracts were - washed with water and brine solution. The
organic layer was dried over anhydrous Na,SO, and concentratedvunder reduced pressure to

. give the title compound as a yellow semi solid (0.17 g, yield: 71.0 %).

Compouhd 36: 44[(Cyclopropylmethyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] benzoic acid ’ _
To a stirred- solution of ethyl 4-[cyc|opropy|(4, 4, 7. 7-tetramethyl-4, 5. 6, 7-tetrahydro-1, 3-

‘ benzothiazol-2-yl)amino]oenzoate (0.17 g, 0.43 mmol) THF(2 mL).'was agueous LiOH (0.1 g,
4.3 mmol)' and ethanol92 mL). The reaction mixture was allowed to stir at RT for overnight.
The reaction mixture was concentrated, acidified with 1.5 N HCI and extracted with ethy!
acetate. The orgar;ic layer was washed with water and brine solution. The organic Iaye’r was
dried over anhydroUs Na,SQO,4 and concentrated under reduced pressure to give the title
compound as ba white solid (0.12 g, yield: 81.0 %): MS (ESI, 120 eV): m/z = 371.2(M+H) .

Example 37: 6-[Cyclopropyl (4,'_ 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3- -
benzothiazol-2-yl) amino] pyridine-3-carboxylic acid '

4 /'N o
N=
s
3@*
, . a7
Compound 37 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-

benzothiazol-2-amine and methyl 6-chloropyridine-3-carboxylate by following -the similar
procedure described in scheme 18 (0.030 g, yield: 40.4 %); purity: 98.66 %.
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Example 38: 4-[(Cyclopropylmethyl) (4 4, 7 7-tetramethyl4 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] benzoic acid -

Compound 38 ‘was syhthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7§tetrahydro-1 3-
benzothiazol-2-amine and ethyl 4-iodobenzoate by foIIowmg the similar procedure described
in scheme 18 (0.006 g, yleld 36.4 %); purity: 94.93 %. '

Example 39: 6-[Ethyl (4 4,7, 7-letramethyl -4, 5, 6, 7tetrahydro-1 3- benzothlazol -2-yl)
amino] pyrldme-3 carboxylic acid ’

s——( N=
N

YA
o -39 , .
Compound 39 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-

benzothiazol-2-amine and methyl 6-chloropyridine-3-carboxylate by following the similar.
_procedure described in scheme 18 (0.015 g, yield: 55.63 %); purity: 94.07 %.

Example 40: 6-[(Cyclopropylmethyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyridine-3-carboxylic acid " '
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Compound 40 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3- .
benzothiazol-2-amine and methyl 6chloropyr1dme3carboxylate by following the Slmllar
procedure described in Scheme 18 (0.04 g, yield: 51.9 %); purity: 97.94 %.

Scheme 19
CQMe
| S>_ xphos/Pdg(dba CH, |/cs CO;
/—NH,
N Dioxane, 100 <C COZMe ACN, 80 C
12h Intermediate 67
S\(N
_LOHTHE O
CQMe MeOH RT COH

Intermediate 68 o Compound 41

Example 41 6- [Ethyl 4,4,7, 7-letramethyl 5-oxo -4, 5 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl) ammo] pyridine-3-carboxylic a0|d '

0
//N 0
N=
s‘ka/@/( o

. a4
Compound 41 was synthésized from 2-amino-4, 4, 7, 7-tetramethyl-6, 7-dihydro-1, 3-
benzothiazol-5(4 H)-one and methyl 6-chloropyridine-3-carboxylate by following the procedure
described in scheme 19; purity: 91.07%.

Intermediate 67: Methyl 6-[(4, 4, 7, 7-tetramethy| 5-o0x0-4, 5, 6 7-tetrahydro -1, 3- |
benzothlazol 2-yl) amino] pyridine-3-carboxylate

To a 100 mL seal tube charged with- 2-amino-4, 4, 7, 7tetramethyl -6, 7-dihydro-1, 3- :
benzothiazol-5(4H)-one (0.38 g, 1.75 mmol) and toluene (5 mL), methyl 6-chloropyridine-3-
carboxyla‘te‘(o.15 g, 0.87 mmol, CS,CO; (0.6 g, 1.75 mmol, and xphos (0.05 g, 0.08 mmol) -
was added at argon atmosphere.” The reaction mixture was purged with argon for 20
minutes. Then finally Pd,(dba)s (0.032 g, 0.035 mmol) was added to the above solution. The
reaction mixture was heated to 100 °C overnight. The reaction mixture was quenched with
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water and extracted with ethyl acetate. The organic layer was washed with water, brine and
dried over anhydrous N'agSO;t, filtered and concentrated. The crude product obtained was
purified by silica gel column chromatography to get the title product as a yellow solid (0.025 g. .
yield: 2.5 %). | ' : '

Intermediate 68: Methyl 6-[ethyl (4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-tetrahydro-i, 3-..
‘benzothiazol-2-yl) amino] pyridine¥3;carboxylate ,

" To a stirred solution of methyl 6-[(4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-tetrahydro-t, 3-
benzothiazol-2-yl) amino] pyridiné-S-carboxylate (0.15 g, 0.42 rhmol) in acetonitrile (3 mL),
Cs5C0, (0.41 g, 1.25 mmol) and C.Hsl (0.1 g, 0.84 mmol) was ‘added. The reaction mixture
was heated to reflux at 90 °C overnight. The reaction mixture was. quenched with water and
extracted with -ethyl acetate, washed with- water and brine solution. The organic layer was
‘dried over anhydrous Na,SO, and cdncentrated under vacuum to obtain the crude oil, which
was purified by silica gel column chromatography to give title compound as a pale yellow
solid (0.04 g, yield: 25.00 %). '"H NMR (300 MHz, CDCly) : & 8.98-8.99(d, 1H), 8.16-8.20(dd,
1H), 6.98-7.01(d, 1H), 4.35-4.42(q, 2H), 3.86(s, 3H), 2.59(s, 2H), 1.37(s, 6H), 1.32-1.37(t,
3H), 1.31(s, 6H). '

Compound 41: 6-[Ethyl (4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino} pyridine-3—cérboxylic acid ' ,
To a stirred solution of methyl 6-(ethyl (4, 4, 7, 7-tetramethyl-5-ox0-4, 5, 6, 7-tetrahydro-1, 3-

‘ bénzofhiazol-zryl) amino] pyridine-3-carboxylate (0.04 g, 0.1 mmol) in THF (1 mL) and
methanol (1 mL), LiOH (0.024 g, 1.03 mmol) in water (1 mL) was added. The reaction
mixture was allowed to stir at RT oVernight. The reaction mixture was concentrated
completely and the crude was washed with ethek, and diluted with water and then neutralized
with citric acid and extracted with ethyl acetate. The organic layer was washed with water and
brine, dried over Na,SQ,, filtered and .concehtrated. It was purified by trituration with n-
hexane to yield the product as white solid (0.02 g, vield: 53.6 %): MS (ESI, 120 eV): m/z =
374.2 (M+H)* . - o ' '

Scheme 20
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- Example 42: 2-[Ethyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yi)
amino] pyrimidine-s-carboxylic acid

7 /N o
N=
S
*ﬁ,gwm
N
42 .
Compound 42 was synthesized from 4, 4, 7, 7-tetrar'nethyl-4 5, 6, 7-tetrahydro-1, 3-

benzothiazol-2-amine and ethyl 2-(methylsulfonyl) pyrimidine-5- carboxylate by following the
procedure described in scheme 20; purlty 93.88%. '

Intermediate 69: Ethyl 2-[(4 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yl) amino] pyrimidine-5-carboxylate »

To a stirred solution of NaH (0.2 g, 8.57 mmol) in THF(20 mL), 4, 4, 7, 7-tetramethyl- 4 5, 6,
7-tetrahydro-1, . 3-benzothiazol-2-amine(1.2 g, 571 mmol) and ethyl 2-
(methylsulfonyl)pyrimidine~5-carboxylate (2.62 g, 11.43 mmol) in THF(10 mL) was added at -
0 °C. The reaction mixture was stirred at RT for 12h. The reaction mixture was quenched with
water and extracted with ethy! acetate, washed with water and brine. The organic layer was
dried over anhydrous Na,SO, and concentrated under vacuum to obtain the crude product as.
a ye’llow gummy solid (2.0 g, yield: 97.00 %). '

intermediate ,70: Ethyl 2-[ethyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrah9dro-1, 3-
benzothiazol-2-yl) amino] pyrimidine-5-carboxylate
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To. a sstirred solution of ethyl 2-(3, 4, 4, 7, 7-pentamethyi-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl} amino} pyrimidine-sﬁcarboxylate (0.13 g, 0.36 mmol) and CS,CO; (0.29
g, 0.9 mmol) in THF (3 mL); C2Hsl (0.084 g, 0.54 mmol) was added drop wise at 0 °C. The
reaction mixture was heated at 80 °C for 12h. The reaction mixture was quenched with ice
and extracted with éthyl acetate, washed with water and brine. The organic layer was dried
over.anhydrous Na28Q4 and concentrated under vacuumy. The crude product obtained was
purified by combiflash to give‘the title compound as a pale yellow liquid(0.06 g, yield: 38.6%).
- m/z = 389.1(M+H)*. 'H NMR (300 MHz, CDCl,): & 9.04(s, 2H), 4.58-4.65(q, 2H), 4.28-4.36(q,
2H), 1.64(s, 4H) 1.30-1.35(t, 3H) 1.20(s, 6H), 1.19(s, 6H).

Compound 42: 2-[Ethyl (4 4,7, 7-tetra_r_nethyl-4, 5, 6, 7-tetr’ahydro-1, 3-benzothiazol-2-yl)
v amino] pynmldme 5-carboxylic acid

To a stirred solution of ethyl 2-[ethyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyrimidine-5-carboxylate (0.06 g, 0.155 mmol) in THF (1 mL),
baqerus NaOH (0.062 g, 1.55 mmol) and methanol ( 1 mL) was added. Then it was étirred at
RT overnight. The reaction mixture was concentrated‘; obtained salt was washed with. ether.
The residue was dissolved in minimum amount of water, acidified with 1.5 N HCI and
extracted with-ethyl acetate, dried and concentrated to obtain the‘ title product as an off white
solid (0.025 g, yield: 34.67 %). MS (ESI, 120 eV): m/z = 361.1 (M+H)" .

-Example 43: 2-[(Cyclopropylmethyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyrimidine-5-carboxylic acid

o 43
Compound 43 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-amine and ethyl 2-(methylsulfonyl) pyrimidine-5-carboxylate by following the
procedure described in scheme 20; purity: 97.57%. '

Scheme 21
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- Example 44: 2-Mefhyl-1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yl)-1H-benzimidazole-5-carboxylic acid '

/. N ' ?
S"( /Q/KOH
N
S

44
Compound 44 was sYnthesized from 4; 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1; 3-
benzothiazol-2-amine and ;methy[ ‘4-iodo-3-nitrobenzoate by following the -procedure
described in schem‘e 21, purity: 94.22%.

Intermediate 71: Methyl 3-nitro-4-[(4, 4 7, 7-tetramethyl -4, 5, 6, 7- tetrahydro 1, 3-
benzothiazol- 2-yl)am|no]benzoate

To a 100 mi pressure tube with screw cap charged with 4-iodo-3-ni1‘robenz‘oate (1.0 g, 3.26
mmol) in foluene(10 mL); 4, 4, 7,‘7-tetrame'thyl—4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
amine (1.3 g, 6.5 mmol), CS,COs (3.2 g, 9.8 mmol) and xantphos (0.2 g, 0.3 mmol) was
added and argon was purged through the reaction mass for 15 min. This was followed by
addition of Pd»(dba)s (0.04 g, 0.16 mmol) and heated at 110 °C overnight. The reaction mass
was diluted with water and extracted with ethyl acetate. The organic Iéyer was washed with
water and brine solution, dried over Na,SQO,, filtered and concentrated. The crude product
obtained was purified by column chromatography 'fto give the title compound as red colour
solid (0.2 g, yield: 15.87 %).'"H NMR (300 MHz, CDCly): & 10.73(s, 1H), 8.92-8.93(d, 1H),
8.74-8.77(d, 1H), 8.20-8.24(dd, 1H), 3.94(5, 3H), 1.74(s, 4H), 1.30-1.31(d, 12H).

|ntermed|ate 72: Methyl 3-amino-4-[(4, 4, 7, 7tetramethy|4 5, 6, 7tetrahydro1 3-
benzothiazol-2- yl)ammo]benzoate
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To a stirred solution‘ of methyl 3-nitro-4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7—tetrahydro—1, 3
benzothiazol-2-yl)amino]benzoate (0.5 g, 1.3 mmol) in methanol'('S mL), amrﬁonium formate.
(0.41 g, 6.5 mmol) was added followed by addition of zinc dust (0.41 g, 6.4 mmol) at 0 °C..
The reaction mixture was stirréd at RT for 1h. The reaction mixture was concentrated under
reduced pressure. The obtained residue was washed with water, brine solution and dried
.over anhydrous Na,SO, and concentrated under vacuum to give title compound as a yellow
gummy solid (0.47 g, yield: 100.0 %). MS (ESI, 120 eV): m/z = 360.1 (M+H)"; '

Intermediate 73: Methyl 2-methyl-1-(4, 4, 7, ;/-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
v benzothiazol-zéyl)-1 H-benzimidazole-5-carboxylate

To a solution of ,rhethyl‘ 3-amino-4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
be'nz’othiazoI-Z-yI) aminoj benzoate '(0_.1'6 g 0.45 mmol) in AcOH (4 mL), Ac,O (0.5 mL) was
added at RT and stirre_d at same temperature for 15 min, poured into water (10 mL) and
extracted with EtoAc. The organic layer was washed with water and brine, dried over Na,SO.. .
filtered and e'vapbrated under reduced pressure. The obtained residue was dissolved in
dioxane (3 mL), were added p-TsOH-H20 (0.25 g, 1.35 mmol) and dry pyridine (0.1 mL, 1.35
mmol). The mixture was reﬂdxed at 110°C overnight using dean stark apparatus. The
reaction mixture was quenched with\w&ter and extracted with EtOAc. The organic iayer was
washed with water and brine, dried over Na2804,‘fiheredj and eVaporated under reduced
pressure. The crude product obtained was purified by column chromatography to give the title
compound as yellow liquid (0.05 g, yield: 29.00 %). MS ('ESI, 120 eV): m/z = 384.1 (M+H)*; '"H
NMR (300 MHz, CDCls): &  8.34(s, 1H), 7.94-7.97(dd, 1H), 7.63-7.66(d, 1H), 3.88(3; 3H),
2.71(s, 3H); 1.73(s; 4H), 1.27-1.32(d, 12H). ‘ '

Compound 44: 2-Methyl-i-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl)-1H-benzimidazole-5-carboxylic acid o , '
To a stirred solution of methyl 2-methyl-1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl)-1H-benzimidazole-5-carboxylate (0.05 g, 0.13 mmol) .in THF(2 mL),
aqueous NaOH (0.03 g, 0.65 mmol).and methanol (2 mL) Was added. Then it was stirred at
RT overnight. The reaction mixture was concentrated; obtained salt was washed with ether.
The residue was dissolved in minimum amount of water, acidified with 1.5 N HCI and
extracied with ethyl acetate, dried and concentrated to obtain the title product as a yellow
solid (0.02 g, yield: 41.66 %). MS (ESI, 120 eV): m/z = 370.1 (M+H)* . '

Scheme 22:
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Compound 45

_Example 45: '1-(4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)-1H- .
benzotriazole-s-carboxylic acid

7 /N o
s @//(OH
N
\
NN
a5

Compound 45 was synthesized from methyl 3-amino-4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] benzoate and hydrolysis of ester (intermediate.74)
by following the procedure described in scheme 22; purity: 99.81%. ’ )

Intermediate 74: Methyl 1-(4, 4,7, 7-tetramethyl 4 5, 6, 7-tetrahydro-1, 3-benzothiazol-2- '
yh)- -1H-benzotriazole-5-carboxylate

To a stirred solution of methyl 3-amino-4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl). amino] benzoate (0.24 g, 0.67 mmol) in THF (5 mL), Conb.H2804 (1.0mL
in 10 mL of water) and NaNO, (0.075 g, 1.07 mmol) in wéter was added at 0 °C. Then the
reaction mixture was stirred at same temperature for 30 min and at RT overnight. The
reaction mixture was quenched with NaOH solution (2M solution) and extracted with ethyl
acetate. The combined extracts were washed with water and brine solution. The organic layer
was dried over anhydrous Na,SO, and concentrated under reduced pressure. The crude
product obtained was purified by silca gel column chromatography to yield the title compound
as yellow solid (0.09 g, yield: 36.0 %).‘H NMR (300 MHz, CDCl;): & 8.73(s, 1H), 8.39-8.72(d,
1H), 8.21-8.25(dd, 1H), 3.92(s, 3H), 1.71(s, 4H), 1.29(s, 12H).

Compound 45: 1-(4, 4, 7, 7-Tetramethy|—4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)-1H-
benzotriazole-5-carboxylic acid ’
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To a stirred solution of methyl 1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl)-1H-benzotriazole-5-carboxylate (0.09 g, 0.24 mmol) in THF(2 mL), agueous NaOH
(0.048 g, 1.2‘mmol) and Methanol (2 mL) was added. Then it was stirred at RT overnight. The
reaction mixture was concentrated; obtained salt was washed with ether. The residue was
dissolved in minimum amount of water, acidified with 1.5 N HCI and extracted with ethyl
.acetate, dried and_concentrated 1o obtain the title product as a white solid (0.05 g, yi'eld: 58.13
%). MS (ESI, 120 eV): m/z = 357.0 (M+H)* .

Scheme 23
H cozer
s Cuemsopemywmxé s CuBI/CS,CO, S\(O
DMSO -
/>—NHz | p—8__ MO COZEI
0- Si"c N 150 °C, 2 days
3
Intermediate 63 intermediate 75 Intermediate 76 -
(0]
Aq, NaOH/THF \S?: O
i bl
| MeOH80T- COH

Compound 46

Example 46: 4-[(4, 4 7, 7-Tetramethyl -4, 5, 6 7-tetrahydro -1, 3- benzothlazol -2-yl) oxy]
benzoic acid

72 /N 0
O
46

Compound 46 was synthesized from 2-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1. 3-
benzothiazole and methyl 4-hydroxybenzoate by following the procedure described in
scheme 23; purity: 95.55%.

Intermediate 75: 2-Bromo-4, 4, 7, 7-tetrémeihyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazole
To a two-neck 250 mL RB flask charged with copper(ll) bromide(1.6 g, 7.14 mmol) and
acetonitrile (10 mL), Isopentyl nitrite (1.25 g, 10.7 mmol) was added at 0 2C. After 15 minutes,
- 4, 4,7, 7-tetramethyl-4, 5, 6, 7-tétrahydro-1, and 3-benzothiazol-2-amine (1.5 g, 7.14 mmol)
in acetonitrile was added drop wise. It was stirred at 0 °C 15 min ‘and heated at 65 °C for 3h.
~ The reaction mixture was dilutéd with water and extracted with ethyl dcetate; the organic layer
" was washed with water and brine solution. The combined extracts were washed with water
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.and brine solution. The organic layer was dried over anhydrous Na,SO, and concentrated to
yield the title compound as yellow liquid (1.5 g, vield: 77.46 %). MS (ESI, 120 eV): m/z =
276.0 (M+H)";

lntermediate 76: Methyl 4-[(4, 4, 7, 7-tetramethyl¥4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
“2-yl) oxy] benzoate ,

To a stirred. solution of ethyl 4-hydroxybenioate (0.44 g, 2.6 mmol).in DMSO (10 mL),
. CS,CO3 (2.1 g, 6.6 mmol) was added. After 10 minutes, 2-bromo-4, 4, 7, 7-tetramethyl-4, 5,
6, 7-tetrahydro-1, 3-benzothiazole (0.6 g, 2.2 mmol) was added. Then copper (I) bromide
(0.063 g, 4.4 mmol) was added to the above solution. The reaction mixture waé heated at
150 °C for 2 days. The reaction mixture was quenched with water and extracted with ethyl
acetate. The (_:ombined extracts were washed with water and brine. The organic layer was
dried over anhydi'ous Na,SO, and concentrated and reducéd._ The crude product obtained
was purified silica gel column chromatography to give the title compound as yell‘ow liquid
(0.04 g, yield: 25.34 %). ’ ‘

Compound 46: 4-[(4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl) oxy]

‘ benzoic acid . ‘ ' ‘ v
To a stirred solution of ethyl 4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-t_etrahydro-1, 3-benzothiazol-2-
yl) oxy] benzoate (0.04 g, 1.0 mmo‘l) in THF (1 mL) and ethanol (1 mL), NaOH (0.018 g, 0.45
mmol) in water (1 mL) was added. The reaction mixture was kept at RT overnight then was

~ heated to 60 °C for 5h. The reaction mixture was concentrated; obtained salt was washed
with ether. The residue wa's dissolved in minimum amount of water, acidiﬁevd with 1.5 N HCI
and extracted with ethyl acetate dried and concentrated. Which was further purified by
preparatlve TLC to yield the title compounds asa pale yellow solid (0.01 g, yleld 30.3 %). MS
(ESI, 120 eV): m/z = 332.1 (M+H)".

Scheme 24
: HO C—-@—CO Me
. 2 2 o |
s ‘ n -B;BI_ioféHF S
| )—Br \_N
N RT, 1h : CO,H

Intermediate 75 compound 47

Y

" Example 47: 4[(4 4, 7, 7-Tetramethy|4 5, 6, 7tetrahydro1 3benzoth|azol -2-yl)
carbonyl] benzoic acid
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. Compound 47 was synthesized from 2-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
~ benzothiazole and 4- (methoxycarbony!)benzow acid by following the procedure described in
scheme 24; punty 99.25%.

Compound 47: 4-[(4, 4, 7, 7-T§trémethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
ca;bonyl] benzoic acid ' '
To a stirred solution of 4—(methoxycarbonyl) benzoic acid (0.55 g, 2.0 mmol) in THF (10 mL),
n-BuLi[1.25mL (1.6 M solutidn)] was added at - 78'9C‘ under N, atmosphere. Then 2-bromo-
4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazole (0.3 g, 0.0011 mol) in THF (10-
mL) was added to the above solution and stir at same temperature about one and haif hour
and at RT for 1h. The reaction mlxture was quenched with saturated NH,CI solution and
extracted W|th ethyl acetate. The combined extracts were washed with water and brine
solution. The organic layer was dried over anhydrous Na,SO, and concentrated under
reduced pressure. The crude product obtained was purified by prepérative TLC to yield the
title compound as white solid (0.005 g, yield: 0.88 %).:

Scheme 25 '
s " BuLl/THF  Intermediate 45 N Oo—-
DMF, - 78°C - NaH/THF /
(e - O o
G o< Toc-AT 0°C-RT g
Intermediate 75 Intermediate 77 : Intermexdiate 78
. . OH
LOH/THF N '
IOH/TI \>_//_,©_«o
MeOH/H,0 S
RT, 120 Compound 48 :

Example-48: 4-[(E)-2-(4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)

ethenyl] benzoic acid
vN OH
/ >J‘®_<

s .
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‘ 48
Compound 48 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiaque-2-carbaldehyde-and methyl 4-{[bromo (triphenyl)-15-phosphanyl] methyl}
benzoate by foﬂo‘wing the procedure described in scheme 23; purity: 98.05%.

Intermediate 77: 4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazole-2-
carbaldehyde '
‘To a two-neck-250 mL RB flask charged with 2-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
,tetrahydr6-1, 3-benzothiazole (1.0 g, 3.6 vmmorl) taken in Dry THF (10 mL), n-Buli [(2.5
“mL(1.6M), 4.0 mmol)] was added slowly at -78 °C, then it was stirred at -50 °C for 1h. Then
DMF (0.5 mL) was added at the same temperature to the above solution and stirred at RT for
3h. The reaction mixture Was quenched with saturated NH,ClI solution and was extracted with
ethyl acetate. The combined extracts were washed with water and brine solution. The ‘ovrganic
layer was dried over anhydrous Na,SO, and concentrated under reduced pressure. The
~ crude product. obtained was purified by combiflash to yield the title compound as colourless
oily product (0.65 g, yield: 80.55 %). '"H NMR (300 MHz, CDCl;): & 9.83(s, 1H), 1.70(s, 4H). .
127-1.29(d, 2H). .

Intermediate 78: Methyl 4-[(E)-2-(4, 4, 7, 7-tetramethyl—4 5 6, 7-tetrahydro -1, 3-
benzothiazol- 2-yl) ethenyl] benzoate ‘

To a stirred solution of NaH (0.42 g, 1.7 mmol) in dry THF (2 mL), methyl 4-{[oromo
(tnphenyl)-I5-phosphanyl] methyl} benzoate (0.57 g, 1.1 mmol) in THF (2 mL) was added at 0
2C. The reaction mixture was stirred at RT for 45 min, then 4, 4, 7, 7-tetramethyl-4, 5, 6,’7-'
tetrahydro-1, 3-benzothiazole-2-carbaldehyde (0.2 g, 0.8 mmol) in THF (1 mL) was added at
0 °C and stirred at RT for 1h. The reaction mixture was quenched with ice water and
extracted with ethyI' acetate. The combined extracts were washed with water and brine. The
orgénic layer was dried over anhydrous Na2804' and concentrated reduced pressure. The
crude product obtained was purified by combiflash to yield the title compound as a pale
yellow solid (0.266 g, yield: 83.14 %). '

Compound 48: 4-[(E)-2-(4, 4; 7, 7-Tetramethyl-4, 5, 6, 7-tetréhydro-1, 3;benzothiazol-2- v
.yl) ethenyl] benzoic acid

A 10mL RB flask fitted with magnetlc stirrer was charged wth methanol (3 mL) and THF (3
mL). To the stirred solvent methyl 4-[(E)-2-(4, 4,.7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) ethenyl] benzoate (0.26 g, 0.7 mmol) and aq. LiOH (Q.OG? g, 2.8 mmol)
was added and.stirred at RT for 12h. The reaction mixture was evaporated completely and
the crude was washed with ether, and diluted with water and then neutralized with 1NHCI,
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then extracted with ethyl acetate, orgahic layer was washed with water and brine, dried over
Na,SO, and concentrated. It was purified by preparative HPLC to yield the title compound as
a white solid (0.0022 g, yield: 0.92 %): MS (ESI, 120 eV): m/z = 342.1(M+H)* .

Example 49: 4;[(2)-2-(4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-teti'ahydro-1, 3-bénzothiazol-2—yl)
ethenyl] benzoic acid

Compound 49 was synthesized from 4, 4, 7, 7-tetramethyl:4, 5, 6,. 7-tetrahydro-1, 3- -
benzothiazole-2-carbaldehyde and ‘methyl 4-{[bromo (triphenyl)-I5-phosphanyl] methyl}
benzoate by following the similar procedure described in scheme 25 (0.012 g, yield: 5.02 %);
purity: 94.64 %.

Scheme 26 _
—@CQMe .
o N=/- A\ v
' | S O  ZnCijAc0 N COMe  NaOH/THF
> /A : - - e
r\{ . 140 °C, 12h s MeOH/H,0
- RT, t2h
Intermediate 78 ' * Intermediate 79
7 \
S
: Compound 50

Example 50: 6-[(E)-2-(4, 4, 7, _7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
ethenyl] pyridine-3-carboxylic acid ' '

N=—— OH

50
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Compound 50 was synthesized frovm 4, 4, 7,>7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazole-2-carbaldehyde and methyl 6-methylipyridine-3-carboxylate by following the
procedure described in scheme 26; purity: 91.66%.

Intermediate 79: Methyl -6-((E)-2-(4 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothnazol -2-yl) ethenyl] pyrldlne-s-carboxylate

To ‘a stirred solution of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-te'(rahydro1 3-benzothiazole-2-
carbaldehyde (0.155 g, 0.6 mmol) in acetic anhydride (0.142 g, 1.3 mmol), methyl 6-
-methylpyridine-3-carboxylate (0.105 g, 0.6 mmol) and catalytic amount of ZnCl, (0.004 g, 0.03 .
mmol) was added. Then reaction mixture was heated at 140 °C overnight. The reaction
mixture was quenched with ice water and extracted with ethyl acetate. The combined extracts
Were washed with water and brine. The organic layer was dried over anhydrous Na,SO, and
concentrated under reduced pressure. The crude product obtained was purified by combiflash
to yield the title compound as a pale yellow oily product (O 1 g, vield: 40.07 %)."H NMR (300
MHz, CDCl5): & 9.11(s, 1H), 8.17-8.20(d, 1H) 7.73-7.78(d, 1H) 7.40-7.43(d, 1H) 7.28-7.33(d,
1H), 3.89(s, 3H), 1.67(s, 4H) 1.26(s, 12H).

Compound 50: 6-[(E)-2-(4, 4, 7, 7-Tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yl) ethenyl] pyridine-3-carboxylic acid » .

. To a stirred solution of 4- -[(E)- -2- (4, 4, 7, 7-tetramethyl-4, 5, 6, 7—tetrahydro 1, 3-benzothiazol-
2-yl) ethenyl] benzoate (0.1 g, 0.28 mmol) in THF (3 mL), Aq. NaOH (0.022 g, 0.56 mmol)
and m,etha‘nol (3 mL) Was added. The reaction mixture stirred at RT for 12h. The reaction
mixture was concentrated completely and the crude was washed with ether, and diluted with
water and then neutralized with 1NHCI, then extracted with ethyl acetate, organic layer was
washed with water and brine, dried over Na,SO, and concentrated. It was purified by
preparative TLC to vield the title compound as a yellow solid (0.01 g, yield: 9.73 %): MS (ESI.
120 eV): m/z= 343.1(M+H)" .

Scheme 27
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Example 51: 4[(2—methylpropy|) 3, 4, 4, 7, 7-pentamethy|4 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino]-2-nitrobenzoic acid

Compound 51 was synthesized from.methyl 3,4, 4,7, T-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-amine and methyl 4-bromo-2-nitrobenzoate by following the procedure
described in scheme 27; purity: 94.91%.

»blntermediate 80 : Methyl 2-nitro-4-[(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)Jamino]benzoate

To a stirred solutioh of 3, 44,7, 7-pentamethyl-4, 5, 6 7-tetrahydro-1-benzdthiophen-2-
amine (0.31 g, 1.4 mmol) in toluene (3 rﬁL), ‘methyl 4-bromo-2-nitrobenzoate (0.18 g, 0.69
-mmol) and Cs,CO; (0.67 g, 2.1 mmol) was added. The above solution was purged with
argon for 15 min. To the stirred solution Xantphos (0.019 g, 0.03 mmol) was added followed
by addition of Pd. (dba);(0.012 g, 0.014 mmol). The reaction mixture was heated to reflux at
110 C for 16 hours. Then the reaction. mixture was cooled to RT, poured into water and
extracted with ethyl acetate. The combined extracts were washed with water and brine

“solution. The organic layer was dried over anhydrous Na,SO, and concentrated in vacuum.
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The crude product obtained was purified by column chromatography to yield the title
compound as a yellow gummy product (0.07 g, yield: 25.93 %).

Intermediate 81: methyl 4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro -1 benzothlophen 2-y|) amino}- -2-nitrobenzoate

To a stirred solution of methyl 2-nitro-4- [(3 4,4,7,7- pentamethyl -4.5.6,7-tetrahydro-1-
,benzothiophen-2-yl)amino]benzoaie (0.07 g, 0.17 mmol) in DMF (3 mL), cesium carbonate
(0.17 g, 0.51 mmol) and isobutyl bromide (0.05 g, 0.34 mmol) was added at 0° C in a sealed
tube. Reaction mixture was heated to 50°.C for 30 minutes. Then the reaction mixture was
.. cooled to RT, poured into water and extracted with ethyl acetate. The combined extracts were
washed with water and brine solution. The organic layer was dried over anhydrous Na,SO,
and concentrated in vacuum. The crude product obtained was purified by column
chromatography to yield the title compound as a yeliow gummy product (0. 015 g, yield: 19.48
%). i

Compound 51: 4-[(2-methylpropyl) (3 4, 4, 7, 7-pentamethy| -4, 5, 6, 7- tetrahydro-1-
benzothiophen-2-yl) amino}-2-nitrobenzoic acid '

A 25mL RB flask fitted with magnetic stirrer was charged with methano! (0.5 mL) and THF
(0.5 mL). To the stirred solvent, m'ethyl 4-[(2-methylpropyl)(3,4,4,7,7-pentamethyl-4,5,6,7-
tetrahydro-1-benzothiophen-2-yl)amino]-2-nitrobenzoate (0.015 g, 0.03 mmol) and ag. NaOH
(0.006 g, 0.16 mmol) was added at 0° C. Reaction mixture was stirred at RT for 2h. The
reaction mixture was concentrated completely and the crude was washed with ether, and
diluted with water and then neutralized with 1.5N hydrochloric acid, then extracted with ethyl ~
acetate. The organic layer was washed with water and brine, dried over Na,SO,, filtered and
concentrated. The obtained solid was triturated with hexane to give the title compound as a
y‘ellow solid (0.01 g, yield: 68.49%):;MS (ESI, 120 eV): m/z = 445.2 (M+H)".

Example 52: 6-[(cyclopropyl methyl) (4, 4, 7, 7-tetramethyl-5-ox0-4, 5, 6, 7-tetrahydro-
1, 3-benzothiazol-2-yl) amino] pyridine-s-carboxylic acid '

0
OH
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Compound 52 was synthesized from methy! 6-[(4,4,7,7-tetramethyl-5-0x0-4,5.6,7-tetrahydro-
1,3-benzothiazol-2-yl)amino]pyridine-3-carboxylate (Intermediate-67) and
(bromomethyl)cyclopropane by following the procedure described in scheme 27; purity:
96.73%. ’

Example 53: 4-[(2-methylpropyl) (4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] benzoic acid ’

. .
- )N
ol N~
Compound 53-was symheéized from methy) 4-[(4,4,7,7-tetramethyl-5-oxo-4,S,6.7—tetrah’ydro—

- 1,3-benzothiazol-2-yl)amino]benzoate (Intermediate-56) and 1-bromo-2-methylpropane by -
following the procedure described in scheme 27; purity: 98.52% .

OH

~ Example 54: 2-methoxy-4 [(2-methylpropyl)(3, 4, 4, 7, 7-pentamethyl-4 5 6, 7-
tetrahydro-1 benzoth|ophen-2—yl)ammo]benzolc acid

: O
X,
¢t

Compound 54*was synthesized from coupling of 3, 4, 4, 7, 7-pentamethy!-4, 5, 6, 7-
’ tetrahydro-1-ben.zothiophen-Z-amine (Intermediate-17) and methyl 4-iodo-2- - »
-methoxybenzoate, followed by reaction with-1 -bromo-z-methylpropane as the procedure
described in scheme 27; purity: 78.65%.

Example 55: 2-(cyclopropy! methoxy)-4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl-4, 5,
6, 7-tetrahydro-1-benzothiophen-2-yl) amino] benzoic acid
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Compound 55-was synthesized from coupling of 354,4,7,7-pentamethyl-4,S,6,7-tetrahydro-1 -

benzothiophen-2-amine ( Intermediate-17) and methyl 2-(cyclopropyl methoxy)-4-
iodobenzoate, followed by reaction with 1-bromo-2-methylpropane as the procedure
described in scheme 27; purity: 93.67%.

Example 56: 4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amino]-2_—(prop-2—yn-1-yley) benzoic acid ‘

Compouhd 56 was synthe_éiz'ed from coupling of 3,4,4,7,7-pentamethyl-4,5,6,7-tetrahydro-1-

benzothiophen-z-amine ( Interfnediate-ﬂ) and methyl 4-i0do-2—(prob-2-yn-1 -ylox;})benzoate,
followed by reaction with 1 -bromo-2-methylpropane as the procedure described in»sche'mé 27
; purity: 77.64%.

Example 57: 4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl-4,.5, 6, 7-tetrahydro-1-
benzothiopheh-z-yl) amino]-2-phenoxybenzoic acid

T O

- Compound 57 was synthesized from coupling of 3, 4, 4, 7, 7-péntamethyl-4, 5,6, 7-
tetrahydro-1-benzothiophen-2-amine (Intermediate-17). and methyl 4-iodo-2-
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phenoxybenzoate, followed by reaction with 1-bromo-2-methylpropane as the prbcedure
described in scheme 27 ; purity: 93.79%

Example 58: 2-methyl-4-[(2-methylpropyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, '
3-benzothiazol-2-yl) amino] benzoic acid

HO '
O

S g
. ’\{>"N\_<

Compound 58 was synthesized from coupling of 4, 4, 7, 7-tet(amethyl-4, 5, 6, 7-tetrahydro-
1,3-benzothiazol-2-amine { Intermediate-64) and methyl 4-bromo-2-methylbenzoate, followed
by reaction with 1-bromo-2-methylpropane as the procedure described in scheme 27 ; purity:
97.99%

Example 59: 4-[(cyclopropyl methyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
. benzothiazol-2-yl) amino}-2-methylbenzoic acid

HO

S

Compound 59 was synthesized from coupling of 4, 4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro- '
1,3-benzothiazol-2-amine ( Intermediate 64) and methyl 4-bromo-2-methylbenzoate, foliowed
by reaction with 1-bromo-2-methylpropane as the procedure desgribed in scheme 27 ; purity:
98.80% ‘

Example 60: 4-[(cyclopropyl methyl) (4, 4, 7, 7-teiramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazbl-z-yl) amino]-3-methylbenzoic acid .
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)—N

N <ﬁ

~.Compound 60 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2-amine (Intermediate 64) and methyl 4-bromo-3-methylbenzoate, followed by

reaction with (oromomethyl) cyclopropane as the procedure described in scheme 27 ; puri!y':
93.08%

Example 61: 3-methyI-4-[(2-méthylpropyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-’i ,
3-benzothiazol-2-yl) amino] benzoic acid

0
OH

N
N —{ :
Compound 61 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4,'5, 6, 7-te'trahydfofi,
3-benzothiazol-2-amine (Intermediate 64) and methyl 4-bromo-3-methylbenzoate, followed by

reaction with 1-bromo-2-methylpropane as the procedure described in scheme 27 ; purity:
98.15%. -

Example 62: 4-[prop-2-en-1-yl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] benzoic acid :
e
OH



WO 2015/107549 PCT/IN2015/000010
117

Compound 62 was synthesized from ethyl 4-[(4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
- benzothiazol-2-yl)aminolbenzoate (‘lhtermediate-GS) and 3-bromoprop-1-ene by following the
_procedure described in scheme 27; purity: 99.06%. :

Example 63: 5-[(4-carboxyphenyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] furan-2-carboxylic acid

.HO
(0]
s _N )
'NOYOH,
o .

‘Compound 63 was synthesized from ethyl 4-[(4, 4, 7, 7-tetramethyl-4, 5 6, 7-tetrahydro-1, 3~
.benzothiazol-2-yl) amino] benzoate (Intermediate-65) and n"iéthyl S-b'romofuran-2~carbo>£ylate
by following the procedure described in scheme 27; purity: 89.73%

Ekample 64: 6-[(2-methylpropyl) (4, 4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyridine-3-carboxylic acid ‘

. 0
OH

G

Compound 64 was synthesized from ¢oupling of 4,4,7,7§tetramethyl-4,5,6,7-tetrahydro-1 ,3-
benzothiazol-2-amine ( Intermediate 64) and ethyl 6-chloropyridine-3-carboxylate

, followed by reaction with 1-bromo-2-methylpropane as the procedure described in scheme
27; puriiy: 95.24%. '

Example 65: 6-[propyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
amino] pyridine-3-carboxylic acid ‘ o '
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Compound 65 was synthesizéd from coupling of 4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
benzothiazol-2-amine ( Intermediate 64) and ethyl 6-chloropyridine-3-carboxylate -

, followed by reaction with 1-bromobropane as the procedure described in scheme 27; purity:
92.04%

Example 66: 6-[benzyl (4; 4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-behzo‘thiazol-2-
yl) amino] pyridine-3-carboxylic acid ’

HO

Compound 66 was synthesized from coupling of 4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
benzothiazol-2-amine ( lnteri’nediate 64).and ethyl 6-ch|oropyridine-s-éa‘rboxylate

, followed by reaction with (bromomethyl) benzene by following the procedure described in
scheme 27; Purity: 94.27%. ’ ‘

" Example 67: 5-[(2-methylpropyl) (4, 4, 7, 7-tetrarhethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyridine-2-carboxylic acid '
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=S
2N i
N
Compound 67 was synthesized from coupling of 4,4,7,7-tetramethyl-4,5,6,'7-tetrahydro-1 ,3-
benzothiazol-2-amine ( Intermediate 64) and methyl 5-chloropYridine-Z-carboxylate, followed
‘by reaction with 1-bromo-2-methylpropane as the procedure described in scheme 27; purity:
82.46%.

Example 68: 6-[benzyl (4, 4,7, 7-tetramelhyl -4, 5, 6, 7-tetrahydro-1, 3- benzothiazol- -2-yl)
amlno] 5-chIoropyndme-3-carboxyl|c acid

Compound 68 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1‘
3-benzothiazol-2-amine (Intermediate-64) and methy! 5, 6-dichloropyridine-3-carboxylate,
followed by reaction with (bromomethyl) cyclopropane as the procéduré described in scheme
27; purity: 92.59% ' o

Example 69: 5-chIoro—6-[(2-methylpropyl) (4 4,7, 7-tetramethy| -4, 5, 6, 7-tetrahydro1
' 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid

S N& ' OH

Compound 69 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2-amine (Intermediate-64) and methyl 5, 6-dichloropyridine-3-carboxylate,
followed by reaction with 1-bromo-2-methylpropane as the procedure described in scheme
27 purity: 91.69%. '
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Example 70: 4-chIoro-6-[(cycloprOpy!methyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-
1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid

OH
S'N/| (¢}

N Cl

N

Compound 70 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2-amine (intermediate-64) and methyl 4, 6-dichloropyridine-3-carboxylate,
followed by reaction with (bromomethyl) cyclopropane as the procedvure described in scheme
27, purity: 93.32%. : : ' '

Example 71: 4-[(cyc|opfopyl methyl) ('4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
‘benzothiazol-2-yl) amino}-3-methoxybenzoic acid : '
O/
\ 7'\1/ - 0
OH
Compound 71 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, -
3-benzothiazol-2-amine (Intermediate-64) and methyl 4-iodo-3-methoxybenzoate, followed

by reaction with (bromomethyl) cyclopropane as the procedure described in scheme 27,
purity: 92.71% - ‘

- Example 72: - methyl 4-[(cyclopropyl methyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-
1, 3-benzothiazol-2-yl) amino]-2-methoxybenzoate

‘Compound 72 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2-amine (Intermediate-64) and methyl 4-iodo-2-methoxybenzoate, followed by
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reaction with (bromomethyl) cyclopropane as the procedure described in sc'h'er'ne 27; purity:
97.96% |

Example 73: 2-methoxy-4-[(2-methylpropyl) (4, 4, 7, 7-tétramethyl-4, 5, 6, 7-tetrahydro-
1, 3-benzothiazol-2-yl) amino] benzoic acid

| o |
sl
SN o
Compound 73 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2#amine (Intermediate-64) and methyl 4-iodo-2-methoxybenzoate, followed by

reaction with 1-bfomo-2-methylprdpane as the procedure described in scheme 27; purity:
99.39%. '

Scheme 28

N 1M NaOH, THF N
AN _OH MeOH, RT, 15 min Vs ne ol

Compound 19
Compound 74

Example 74: sodiu_m 6-[cyclopropyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1{

benzothiophen-2-yl) amino] pyridine-3-carboxylate
¢

Nao

Compound 74 was synthesized from 6-[cyclopropyl(3,4,4,7,7-pentamethyl-4,5,6,7-tetrahydro-
1-benzothiophen-2-yl)amino]pyridine-3-carboxylic acid and NaOH by following the procedure
described in scheme 28; purity: 98.63%. '
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‘Compound 74: sodium 6-[cyclopropyl (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
behzothiophen-z-yl) amino] pyridine-3-carboxylate

To a stirred solution- of . 6-[cyclopropyl(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl)amino]pyridine-3-carboxylic acid (0.02 g, 0.05 mmol) in MeOH (0.5 mL)
and THF (0.5 mL), 1M NaOH solution (0.05 mL, 0.05 mmol) was added slowly at 0 °C. The

_reaction mixture was stirred at RT for 15 min. The solverit was removed unde'r reduced
pressure. The resulting gummy was added methanol énd again removed completely under
high vacuum. This has been repeated- until there was no water. The obtained gummy
material was crystallized with ethyl acetate and n-hexane to yield a white solid (0.01 g, yield:
50 %): MS (ESI, 120 eV): m/z ~348.18 (M-22)". .

E_xémple 75:' Sodium 4-[cyclopropyl (3, 4, 4, 7, 7-pehtamethyl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amirio] benzoate

Compound 75 was synthesized from 4-[cyclopropyl(3,4,4,7,7-pentamethyl-4,5,6,7-tetr‘ahydroi
1-benzothiophen-2—yl)amino]benzoic acid ( Compound-10 ) and NaO_H by following the
‘procedure described in scheme 28; purity: 91.34%. '

Example 76: sodium 6-[(cyclopropyl methyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-
1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylate
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Compound 76 was syhthesized from 6-[(cyclopropyl methyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid (compound -40) and
NaOH by following the procedure described in scheme 28; purity: 99.83%.

Example 77: ~ sodium 4-[cyclopropyl 4, 4, 7, 7-tetramethyl4 5, 6 7-tetrahydro—1 3-
‘benzothiazol-2-yl) amino] benzoate

Compound 77 was synthesized from 4-[cyclopropyl (4, 4’ 7, 7-tetramethyl-4, 5, ‘6 7-
' tetrahydro-1, 3- benzothiazol-2-yl) amlno] benzoic acid and NaOH by followmg the snmnlar
procedure described in scheme 28; punty 98.63% : ’

Example 78: sodium 6-[cyclopropyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyridine-3-carboxylate '

O
S A gie
/Nxﬁﬁa_

'Compounbd‘78 Was synthesized fromv.6-[cyclopropyl (4, >4 7,. T-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid and NaOH by following
the simifar procedure described in scheme 28; purlty 95. 47%

Scheme 29
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Com'pound 79

Exampie 79: 2-amino-4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-
1-benzothiophen-2-yl) amino) benzoic acid ' ' ’

, NH, O
/ \ OH
ST N

Compound 79.was synthésized from methyl 4-[(2-methylpropyl)(3.4,4,7,7-pen1af7\ethyl-
4,5,8,7-tetrahydro-1-benzothiophen-2-yl)amino]-2-nitrobenzoate ( Intermediate 81) by . -
following the procedure described in scheme 29; -pukity: 95.94%.

Intermediate 82: methyl 2-aminb-4-[(2;methylpropyl)(3, 4, 4,7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2—yl)amino]benzoate '
A three-neck 25 mL RB flask fittedi‘with rubber bladder filled with hydrogen gas was charged
with methanol (5 mL). To the stirred solution methyl 4-[(2-methylpropyl)(3, 4, 4, 7, 7-
pentamethyl-4, 5 6, 7-tetrahydro-1-benzothiophen-2-yl)amfno]-2-nitrobenzoate (0.05 g, 0.11
mmol) and palladium on carbon (0.005 g, 10 %) was added. Reaction mixture was stirred for
2 h. Then the reaction mixture was filtered thrdugh celite pad dried over anhydrous Na,SO,
and concentrated in vacuum. The crude product obtained was purified by column
chromatography to yield the title compound as a yellow gummy pfoduct (0.03 g, yield: 63.83
* %).



WO 2015/107549 PCT/IN2015/000010
125

Compound 79: 2-amino- 4 -[(2-methylpropyl)(3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7- ‘
tetrahydro-1-benzothiophen-2-yl)amino]benzoic acid
A 25mL RB flask fitted with magnetic stirrer was charged with methanol (2 mL) and THF (2
mL). To the stirred solvent methyl 2-amino-4-[(2-methylpropyl)(3, 4, 4, 7, 7-pentamethyl-4, 5. '
6, 7-tetrahydro-1-benzothiophen-2-yl)aminolbenzoate (0.03 g, 0.07 mmol) and ag. NaOH
(0.02 g, 0.35 mmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The

A reaction mixture was concentratéd completely and the crude was washed with ether, and
diluted with water and then neutralized with 1.5 N HC, extracted with ethyl acetate. The
organic layer was washed with water and brine, dried over Na,SO,, filtered and concentrated.
The obtained solid was triturated with hexane to give the title compound as a yellow gummy
product (0.01 59, yield: 51.72%): MS (ESI, 120 eV): m/z = 41 5.2 (M+H)*.

Scheme 30

ST N 5 >
DCM, 0 C-RT, 16 h

0
NH, O oL
NH
. O/ . ;O
s @* pyridine, propanesulfonyl chloride é@;} -8
/

Intermediate 82 . Intermediate 83

HO
O

NaOH/MeOH/THF/H,0
0° C-RT, 16 h

\ /O
g / NL< \
Compound 80

Example 80: 4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentamethyl4 5, 6, 7-tetrahydro‘1~
benzothiophen-2-yl) amino}-2-[(propy! sulfonyl) amino] benzoic acid-
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Compound 80 was synthesized from methyl 2-amino-4-[(2-methylpropyl)(3,4,4,7,7-
pentamethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-yl)amino]benzoate (lntermediate-82)'by
‘following the procedure described in scheme 30; purity: 88.10%

Intermediate 83: methyl 4-[(2-methylpropyl) (3, 4,-4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yi) amino}-2-[(propylsulfonyl) amino] benzoate

To a two-neck 25 mL RB flask charged with methyl 2-amino-4-[(2-rﬁethylpropyl) (3,4,4,7,7-
pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl) amino)benzoate (0.05 g, 0.11 mmél)
in dry DCM (3 mL), pyridine (0.03 g, 0.33 mmol) was added drop wise at 0° C. Then propane
sulfonyl chloride (0.017 g; 0.12 mrﬁol) was added to the above solution at 0° C. Reaction
mixture was stirred at RT for 16 h. Reaction mixture was poured into water and extracted
with ethyl acetate. The combined extracts were washed with water and brine solution. The
organic.layer was dried overbanhydrous Na,SO, and concentrated in vacuum. The crude
product obtained was purified by column chromatography to vield the title compound as a
yellow liquid (0.019g, yield: 33.33 %). '

.Compou'nd 80: 4-[(2-methylpropyl) (3, 4, 4, 7, 7~pentameth>yl-4, 5, 6, 7-tetrahydro-1-
benzothiophen-2-yl) amind]-2-[(propy|su|fonyl) amino] benzoic acid -

A 25mL RB flask fitted with magnetic stirrer‘ was charged with methanol (2 mL) and THF (2
mL). To this stirred solvent methyl 2-amino-4-[(2-methylpropy!)(3, 4, 4, 7, 7-pentamethyl-4,' 5,
6, 7-tetrahydro-1-benzothiophen-2-yl)aminolbenzoate (0.03 g, 0.07 mmol) and ag. NaOH
(0.02 g, 0.35 mmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The
reaction mixture was concentrated completely and the crude was washed with ether, and
diluted with water and then nebutralized with 1.5 N HCI, extracted with ethyl acetate. The
organic layer was washed with water and briné, dried over Na,SQ,, filtered and concentrated.
The obtained solid was triturated with hexane to give the title 'cdmpound as a yellow gummy
iproduct (0.015 g, yield: 51.72%): MS (ESI, 120 eV): m/z = 415.2 (M+H)"..

Scheme 31 o
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Example 81:.6-[propyl (4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-benzothiazol-2-yl) amino] =~

" pyridine-3-carboxylic acid

OH

Compound 81 was synthesized from 4,4,7,7-tetramethyl-4,7-dihydro-1 ,3-benzothiaizol-2-
amine and methyi 6-chloropyridine-3-carboxylate by following the procedure described in
scheme 31; purity: 99.83%

Intermediate 84: 4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-benzothiazol-2-amine

To a single neck 100 mL RB flask fitted with magnetic stirrer and condenser charged with 2,
2, 5, 5-Tetramethylcyclohex-3-en-1-one (8.0 g, 53 mmol), lodine‘(13.36 g, 53 mmol) and
“thiourea (10.0 g, 131 mmol) was added. Reaction mixture-was heated to 100° C for 20 h.
Reaction mixture was cooled to Rf, poured into aqueous NaOH solution and extracted with

ethyl acetate. The combined extracts were washed with water and brine. The orgahic layer

was dried over anhydrous Na,SO, and concentrated in vacuum to get the crude product. The -
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crude product obtained was purified by column chromatography to give the title compound as
a yellow solid (2 g, yield: 18.28 %) : ‘

Intermediate 85: methyl 6-[(4, 4, 7, 7-tetramethyl -4, 7-d|hydro-1 3- benzothlazol 2- yl)_
amino] pyr|d|ne 3-carboxylate .

~ To a 100 ml pressure tube with screwed cap charged with 4,4,7,7-tetramethyl-4,7-dihydro—
1,3-benzothiazol-2-amine (1.7 g, 8.2 mmol) in toluene(6 mL), methy! 6-chloronicotinate (0.7 g,
4.1 mmol) was added. To this stirred solvent CS,CO; (3.9 g, 12.32 mr'nol)' and Xantphos
(0.11 g, 0.21 mmol was added. Above solution was degassed with nitrogen for 10 minutes.
Then Pd,(dba); {(0.075 g, 0.08 mmol) was added to the reaction mixture. The reaction mixture
was heéted to 100 °C for 16 h. Reaction mixture was. cooled to RT, and poured into water
and extracted with ethyl acetate. The combined extracts were washed with water and brine.
The organic layef was dried over anhydrous Na,SO, and concentrated in va‘cuum. The crude
product obtained was purified by column to give the title compound as a pale yellow solid (0.6
g. yield: 42.85%). ’

|ntermediéte 86: methyl 6-[propyl (4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-benzothiazol- -
2-yl) amino] pyridine-3-carboxylate‘ _

To a stirred solution of methyl 6-[(4, 4, 7, 7-tetramethyl-4, 7-d'ihydro-1, 3-benzothiazol-2-
yl)aminb]pyridine-ii-carboxylat,e (0.14 g, 0.41 mmol) in DMF (3 mL), cesium carbonate (0.4 g.

. '1.2 mmol) and 1-iodopropane (0.11 g, 0.8 mmol) was added at 0° C in a sealed tube.
Reaction mixture was heated to 50° C for 30 minutes. Then the reaction mixture was cooled
to RT, poured into water and extracted with ethyl acetate. The combined extracté were
washed with water and brine solution. The organic layer was dried over anhydrous Na,SO,
and concentrated in vacuum. The ckude> product obtained was pUrified by column
chromatography to yield the title bcompound as a yellow gummy product (0.1 g, yield: 62.5%).

Compound 81: 6-[propyl (4, 4, 7, 7-tetramethyl-4; 7-dihydro-1, 3-benzothiazol-2-yl)
amino} pyridine-3-carboxylic acid - :

A 25mL RB flask fitted with magnetic stirrer was 'charged with methanol (1 mL) and THF (1
mL). To the stirred solvent methyl 6-[propyl(4, 4, 7, 7-tetramethyl-4, 7-dihydro-1, 3-
benzothiazol-2-yl)amino]pyridine-3-carboxylate (0.1 g, 0.25 mmol) and aq. NaOH (0.05 g,.1.2
mmol) was added at 0° C. Reaction mixture was stirred atRT forv2h. The reaction mixture
was concentrated completely and the crude was washed with ether, and diluted with water
and then neutralized with 1.5 N HCI, extracted with ethyl acetate. The organic layer was:
washed with water and brine, dried over Na,SO,, filtered and concentrated. The obtained
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solid was triturated with hexane to give fhe title compound asa yellow gummy product (0.05
g, yield: 52.63%): MS (ESI, 120 eV): m/z = 372.1 (M+H)*..

Example 82: 6 [(2-methyipropyl) (4, 4, 7, 7-tetramethyl -4, 7-dihydro-1,3-benzothiazol-2-
yl)amino]pyridine-3-carboxylic acid

0O
OH

o §d
@i«*w ,

- Compound 82 was synthesized from méthyl 6-[(4,4,7,7-tetramethyl-4,7-d}ihyd'r'o-1 3-
benéothiazol-2-yl)amino]pyridine-3-carboxylate (intermediate 85 ) and 1-bromo-2-
methylpropane by following the procedure described in scheme 31 (0. 06 g, yield: 62.5 %)
purity: 99. 65%

Example 83: 4-[(2-methylpropyl) (4, 4, 7, 7-tetramethyl-4, 7-dihydro-1., 3-benzothiazol-2-
yl) amino] benzoic acid

o
OH

Compound 83 was synthesized from coupling of 4,4,7,7-tetramethyl-4,7-dihydro-1,3-
benzothiazol-2-amine ( In_termediate 84 ) and methy! 4-iodobenzoate, followed by reaction

‘ with 1-brom’o-2—rﬁethylpropane as ihe procedure described in scheme 31 (0.14 g, 29.78%); .
purity: 98.91%. '

Scheme 32
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Compound 84

Example 84: 6-[(cyclobutylcarbonyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yi) _amino] pyridine-3-carboxylic acid

0.
OH
s>_\|4
»~—N .
N>
o v

Compound 84 was synthesized from 4, 4, 7, T-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-amine and methyl 6-ch|oropyridine-3-carboxylate‘ by following the procedure
described in scheme 32; purity: 98.33%. ‘

Intermediate 87: methyl 6-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
‘2-yl)amino]pyridine-3-carboxylate v v

To a 100 ml pressure tube with screwed cap charged with 4, 4, 7, 7-tetramethyl-4, 56, 7-
tetrahydro-1, 3-benzothiazol-2-amine (1.8 g, 8.2 mmol) in toluene(6 mL), methyl 6-
chloronicotinate (0.7 g', 4.1 mmol) was added. To the stirred solvent Cszcoa (3.9 g, 12.32
mmol) and Xantphos (0.11 g, 0.21 mmol_was added. The above solution was degéssed with
~nitrogen for 10 minutes. Then Pd, (dba); (0.075 g, 0.08 mmol) was added to the reabtion '
mixture. The reaction mixture was heated to 100 °C for 16 h. Reaction mixture was cool'ed to



WO 2015/107549 PCT/IN2015/000010
131

RT, and poured into water and extracted with ethyl acetate. The combined extracts were
washed with water and brine. The organic layer was. dried over anhydrous Na,SOs and
‘concentrate‘d in vacuum. The crude product obtained was 'purified by column to give the title
compound as a yellow solid (0.6 g, yield: 42.86%). '

Intermediate 88: 6-[(4, 4, 7, 7-tetramethyl;4,'5, 6,'7-tetrahydro-1, 3-benzothiazol-2-yl)
amino] pyridine-3-carboxylic acid
A 25mL RB flask fitted with magnetic stirrer was with charged methanol (15 mL) and THF (5
- mL). TQ the Stirred solvent methyl 6-[(4, 4‘,/7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl)amino]pyridine-3-carboxylate (0.35 g, 1.0 mmol) and ag. NaOH (0.2 g, 5.0
mmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The reaction mixture
was concentrated completely and the crude was washed with ether, and diluted with water
and then neutralized with 1.5 N HCI, extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over Na,SQO,, filtered and concentrated. The obtained
solid was triturated with hexane to give the title compound as a pale yellow solid (0.25 g,
yield: 75.75%).

' Compound 84: €-[(cyclobutylcarbonyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] pyridine-3-carboxylic acid
To a two-neck 50-mL RB flask charged with 6-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1
and 3-benzothiazol-2-yl)amino]pyridine-3-carboxylic acid (0.12 g, 0.36 mmol) in dry. DCM (21
‘mL), triethyl amine (0.25 g, 2.5 mmol) was added drop wise at 0° C. Then
cyclobutylcarbonylchliroide (O 17 g, 1.44 mmol) was added to the above solution at 0° C.
: Reaction mixture was heated to 45° C for 16 h.. Reaction mlxture was poured into water and
extracted with ethyl acetate. The combined extracts were washed with water and brine
solution. The organic layer was dried over anhydrous Na,SO, and concentrated in vacuum.’
The crude product obtained was purified by preparative HPLC to yield the title compound as a
~yellow solid (0.002 g, yield: 1.43 %). MS (ESI, 120 eV): m/z = 414.2 (M+H)*.

Example 85: 6-[acetyl (4, 4, 7, 7-tetramethyl -4, 5 6, 7-tetrahydro-1 3- benzothlazol 2-yl)
amino] pyridine-3-carboxylic acid
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Compound 85 was synthesized from coupling of 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,
3-benzothiazol-2-amine and methyl 6-Ch|qropyridine-3-6arboxylate, followed by reaction with

acetyl chloride as the procedure described in scheme 32; purity: 99.17%.

Scheme 33
] OH h OH
s \—N/ NaaH4, MeOH - | é}N\ ¢
o N/>_N\__<] 0°C-RT, 1h HO™™ N
Compouna 52 Compound 86

Example 86: 6-[(cyclopropyimethyl) (5-hydroxy-4, 4,‘7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-c_arboxylic acid -
(0]
OH

HO

Compound 86 was synthesized from 6-[(cyclopropylmethyl)(4,4',7,7-tetfamethyl-5-oxo-4,5,6,‘7-
tetrahydro-1,3-benzothiazol-2-yl)amino]pyridine-3-carboxylic acid by following the procedure
-described in scheme 33; purity: 97.76%

'.Compound 86: 6-[(cyclopropylmethyl) (5-hydroxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7
tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid ’ |

To a stirred solution of 6-[(cyglopropylmethyl)' (5-hydroxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazo|-2-'yl) amino] pyridine-3-carboxylic acid (0.075 g, 0.18 mmol) in
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methanol '(3 mL), NaBH, (0.0068 g, 0.18 mmol) was added at 0° C: Reaction mixture was
stired at RT for 1h. Reaction mixture Was quenched with ice and extracted with ‘ethyl

_ acetate.  The combined extracts were washed with water and brine solution. The organic
layer was dried over anhydrous Na,SO,4 and concentrated in vacuum to get the pure product
as a yellow solid (0.058 g, yield: 85.71%). MS (ESI, 120 eV): m/z = 402.1 (M+H)".
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Example 87: 6-{(cyclopropylmethy) (5-methoxy-4 4, 7, 7-tetramethyl-4; 5, 6, 7-

tetrahydro-1, 3-benzothiazol-2-yl) amino] pyndme-3-carboxyhc acid
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Compound 87 was synthesized from 6-[(cyclopropylmethyl)(5-hydroxy-4,4,7,7-tetramethyl-

4,5,6,7-tetrahydro-1,3- benzothlazol 2-yl)amino]pyridine-3-carboxylic acid by follownng the

procedure described in scheme 34 purity: 98.09%

‘Intermediate 89: methyl 6-[(cyclopropyimethyl) (5-methoxy-4, 4, 7, 7-tetramethyl-4, 5, 6,

7-tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3- -carboxylate

To a stired solution of NaH - (0.012 . g, 0.49 mmol)

in dry DMF (3 mL), 6-

[(cyclopropylmethyl)(s hydroxy-4, 4, 7, 7- tetramethyl 4 5,6, 7- -tetrahydro-1, 3-benzothiazol-2-
yl)amino]pyridine-3-carboxylic acid (0.05 g, 0.12 mmol) in DMF (2 mL) was added at 0 °C.

“The reaction mixture was stirred at RT for 30 minutes. To the stirred solution, methyl iQdide
(0.099, 0.6 mmol) in DMF (1 mL) was added at 0 °C and stirred at RT for 16h. The reaction
mixture was quenched with 1.5. N HCI and extracted with ethyl acetate. The combined

éxtracts were washed with water and brine. The organic layer was dried over anhydrous
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Na,SO, and concentrated reduced pressure. The crude product obtained was purified by
combiflash to yield the title compound as a colorless liquid (0.02 g, yield: 40%).

Compound 87: 6-[(cyclopropylmethyl) (5-methoxy-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxylic acid

. A 25mL RB flask fitted with magnetic stirrer was charged with methanol (1. mL) and THF (1
mL). To the stifred solvent methyl 6-[(cyclopropylmethyl) (5-methoxy-4, 4, 7, 7-tetramethyl-4,
5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl) amino] pyridine-3-carboxyiate (0.02 g, 0.46 mmol)
and ag. NaOH (0.01 g, 2.3 mmol) was added at 0° C. Reaction mixture was stirred at RT for
2h. The reaction mixture was concentrated completely a_ind the crude was washed with ether,
and diluted with water and then neutralized with 1.5 N HCI and extracted with ethyl acetate.
The organic layer was washed with water and brine, dried over Na,SO,, filtered and -

~ concentrated. The obtained solid was triturated with hexane to give the title compound as a
yellow solid (0.017 g, yield: 89.47%): MS (ESI, 120 eV): m/z = 416.2 (M+H)".

Scheme 35
O ) .
OH OH
o N : CH,Mgl, THF o N
| >N 0°CRT,6h | >N i
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Compound 53 Compund 88

Example 88: 4-[(5-hydroxy-4, 4, 5, 7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) (2¥methylpropyl) amino] benzoic acid

0
OH

Sl

Compound 88 was synthesized by treating 4-[(2-methylpropyl)(4,4,7,7-tetramethyl-5-0x0-
4,5,6,7-tetrahydro-1,3-benzothiazol-2-yljaminolbenzoic acid with Grignard reagent as the
procedure described in scheme 35; purity: 94.80%.
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Compound 88: 4-[(5-hydroxy-4, 4, 5, 7, 7-pentamethyi-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) (2-methylpropyl) amino] benzoic acid .

To a two-neck 25 mL RB flask charged with 4-[(2-methylpropyl)(4, 4, 7, 7-tetramethyl-5-0x0-4,
5, 6, 7 tetrahydro-1, 3-benzothiazol-2-ylJamino]benzoic acid (0.14 g, 0.35 mmol), THF (4 mL)
was added. Methyl magnesium iodide (0.5 mL, 1.39 mmol) was added drop wise at 0° C to
the stirred above solution. Reaction mixture' was stirred at RT for 6h. Then reaction mixture
‘was quenched with 1.5N HCI and extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over Na,SQ,, filtered and cvoncemrated. - The crude
prodtfct obtained was purified by column chromatography to give the title compound as a
yellow solid (0.007 g, yield: 4.66%): MS (ESI, 120 eV): m/z = 417.2 (M+H)".

Scheme 36
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Example 89: 4-{[(52)-5- (hydroxylmmo) -4,4,17, 7-tetramethyl -4, 5 6, 7-tetrahydro-1 3-
benzothiazol- 2-yl] (2-methylpropyl) amino} benzoic acid
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Compound 89 was synthesized from ethyl 4-[(2-methylpropyl)(4.4, 7 7-tetraméthyl-5-oxo-
4,5,6,7-tetrahydro-1,3-benzothiazol-2- yI)ammo]benzoate by following the procedure
described in-'scheme 36; purlty 93.04%"
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Intefmediate 90: .ethyl 4-{[(52)-5—(hydroxyimino)-4 4,7, 7-tetramethyl-4, 5,6,7-

~ tetrahydro-1, 3-benzothiazol-2-yl] (2-methylpropyl) amino} benzoate _
To the stirred solution of ethyl 4-[(2-methylpropyl)(4, 4, 7, 7-tetramethyl-5-0x0-4, 5, 6, 7-
tetrahydro-1,3- benzothlazol 2-yhamino]benzoate (0.1 g, 0.23 mmol) in ethanol (1 mL) and_
water (1 mL), sod|um acetate (0.037 g, 0.46 mmol) was added followed by addition of
fhydroxylamine hydrochloride (0.03 g, 0.46 mmol). Reaction mixture was heated to 60° C for
16 h. After completion of the reaction, water was added to the reaction mixture and extracted
with ethyl acetate. The. organic layer was washed with water and brine, dried over Na,SO,,
fitered and concentrated.  The crude product obtained was purified by column
chromatography to give the title compound as a white solid (0.05 g, yield: 50%) MS (ESI, 120

eV):m/z = 4172(M+H)

Compouhd 89: 4-{[(52)-5-(hydroxyimino)-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl] (2-methylpropyl) amino} benzoic acid

“A25mL RB flask fitted with magnetic stirrer was charged with ethanol (1 mL) and THF (1-mL).
‘To ‘the ‘stirred solvent ethyl 4-{[(52)-5- -(hydroxyimino)-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro -1, 3- benzothiazol-2- -yl} (2-methylpropy!) amino} benzoate (0. 05 g, 0.12 mmol) and
ag. NaOH (0 02 g, 0.56 mmol) was added at 0° C. Reaction mixture was stlrred at RT for 3h.
- The reaction mixture was concentrated completely and the crude was washed with ether, and
diluted with water and then neutralized with 1.5 N HC|, extracted with ethyl acetate. The
organic layer was washed with water and brine, dried over Na,SO,, filtered and concentrated.
The obtained solid was triturated with hexane to give the title compound as a white solid (0.03
9, yield: 60%): MS ‘(ESI, 120 eV): m/z = 416.2 (M+H)".

Schéme 37
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Example 90: 4-{[5-(benzy|am|no) -4, 4, 7, 7-tetramethyl-4, 5 6, 7-tetrahydro1 3-
benzothiazol-2-yl] (2-methylpropyl) amlno} benzoic acid

@AN@?@*“%

Compound 90 was ‘synthesized from ethyl 4-[(2- methylpropyl)(4,4,7,7-tet‘ramethyl-5-oxo-

OH

45,6 7-tetrahydro 1,3-benzothiazol-2- yl)ammo]benzoate by following the procedure
described in scheme 37;purity: 98.76% o

- Intermediate 91: ethyl 4-{[5-(benzylamino)-4, 4, 7, 7-tetrambethyl-4, 5,-6, 7-tetrahydro-1,
3-benzothiazol-2-yl] (2-methylpropyl) amino} benzoate

- A 25 mL RB flask fitted with magnetic stirrer was charged with ethyl 4-[(2- methylpropyl)(4 4,
‘ 7, 7- tetramethyl -5-o0x0-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2- yl)ammo]benzoate (0.1 g,
0.23 mmol), benzyl amine (0.032 g, 0.34 mmol) was added. Reaction mixture was stirred at
“RT for 12h. To the stirred solution, methanol (10 mL) was added followed by NaBH, (0‘.0.1 73,
0.46 mmol)-at 0° C. Then reactioh mixture was allowed to stir at RT for 4h. Reaction mixture

" was poured into ice and extracted with ethyl acetate. The organic layér was washed with
water and brine, dried over Na,SO,, filtered and concentrated. The crude product obtained
was purified by column chromatography to give the title compound as an off white SO|ld (0.05
g, yield: 41.66%). '
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Compound 90: 4-{[5-(benzylamino)-4, 4, 7, 7-tetrame{hyi-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl] (2-methylpropyl) amino} benzoic acid
‘A 25mL RB flask fitted with magnetic stirrer was charged with ethanol (6 mL) and THF (12
mL). To the stirred solvent ethyl 4-{[5-(benzylamino)-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1,3-benzothiazol-2-yl}(2-methylpropyl)amino}benzoate (0.025 g, 0.05 nimol) and‘
aq. NaOH (0.01 g, 0.22mmol) was added at 0° C. Reaction mixture was stirred at RT for 3h.
The reaction mixturé was concentrated compl_etely and the crude was washed with ether and

diluted with water and then neutralized with 1.5 N HCI, extracted with ethyl acetate. The

organic layer was washed with water' and brine, dried over Na,SQy, filtered and concentrated

_to get the crude product. The crude product obtained was purified by preparative HPLC to
yield the title compound as a white solid (0.03 g, yield: 60%): MS (ESI, 120 eV): m/z = 492.2

(M+H)*.. -

Scheme 38
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.Example 91: 2-hydroxy-4-[(2-methylpropyl) (3, 4, 4, 7, 7-pentah)ethyl-4, 5,6, 7-
tetrahydro-1-benzothiophen-2-yt) amino] benzoic acid '
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Compound 91 was synthesized from methyl 2-methoxy-4-[{(2-methylpropyl)(3.4.4.7.7-
pentamethyl-4,5,6,7-tetrahydro-1 -'benzothiophen-z-yl)amino]benzoate by following the
procedure described in scheme 38; purity: 90.27%

Intermediate 92: methyl 2-methoxy-4-[(2-methylpropyi) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6,
7-tetrahydro-1-benzothiophen-2-yl) amino] benzoate v
To a stirred solution of methyl 2-methoxy-4-[(2-methylpropyl)(3, 4, 4, 7, 7-pentamethyl-4, 5, 6,
7-tetrahydro-1-benzothiophen-2-yl)aminolbenzoate (0.02 g, 0.45 mmol) in DCM (2 mL), boron
_ tribromide (0.02 g, 0.9 mmol) was added at 0° C drop wise. Reaction mixture was stirred at
RT for 1h. Reaction mixture was quenched with ’bica,rbon’ate solution and extracted with ethyl
acetate. The organic layer was washed with water and brine, dried over Na,SO,, filtered and
concentrated to get the title compound as a brown liquid (0.012.g, yield: 63 %).

Compound 91: 2-hydroxy-4-[(2-methyipropyl) (3, 4, 4, 7, 7-pentamethyl-4, 5, 6, 7-
tetrahydro-1-benzothiophen-2-yl) amino] benzoic acid

A 25mL RB flask fitted with magnetic stirrer was charged with methanol (1 mL) and THF (1
mL). To the stirred solvent, methyl 2-methoxy-4-[(2-methylpropyl)(3, 4, 4, 7, 7-pentamethyl-4,
5, 6, 7-tetrahydro-1-benzothiophen-2-yl)amino]benzoate (0.012 g, 0.03 mmol) and aq. NaOH
(0.006 g, 0.14 mmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The
reaction mixture was concentrated completely and the crude was washed with ether, and-
diluted with water and then neutralized with 15 N HCl, extracted with ethyl acetate. The
organic layer was washed with water and brine, dried over Na,SO,, filtered and concentrated.
The obtained product was triturated with hexane to yield the title compound as a pale yellow
solid (0.006 g, yield: 54.44%): MS '(ESI, 120 eV): m/z = 414.2 (M-H)".

Scheme 39
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Example 92: 3-hydroxy-4-[(4, 4, 7, 7;tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl) amino] benzo_ic acid '
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Compound 92 was synthesized from 4-[(cyc|opropylmethyl)(4,4,7,7-tetram¢thyl-4,5,6,7— .
tetrahydro-1,3-benzothiazol-2-yl)amino]-3-methoxybenzoic acid by following the procedure
described in scheme 39; purity: 94.26%. ’ '

Compound 92: 3-hydroxy-4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
.benzothiazol-é-yl) amino] benzoic acid
To a suspension of 4-[(cyclopropylmethyl)(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3
benzothia_zol-2-yl)amino]-3-methokybenzoic acid (0.14 g, 0.34 mmol) in DCM (5 mL), BBr;
(0.17 g, 0.68 mmol) was added drop wise at 0° C. Reaction mixture was stirred at RT for 16h.
" Then reaction mixture was quenched with ice and extracted with ethyl acetéte. The ’
~ combined extracts were washed with water and brine, dried over Na,SO,, filtered and
concentrated to yield the title compound as a brown solid (0.55 g, 40.39%). MS (ESI, 120
eV): m/z = [M+H]': 347.1

" Scheme 40



WO 2015/107549 PCT/IN2015/000010
142

% ‘
. l o”
N HO N/
| D—8r o)
° n-BuLi, THF
-78° C-RT, 16 h

Intermediate 75 Compound.93

Example 93: 5-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
carbonyl] pyridine-2-carboxylic acid ' '

Compound 93 was synthésized from 2-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazole and 5-(methoxycarbonyl) pyridine-2:carboxylic acid by following the procedure
~ described in scheme 40; purity: 90.19%.

- Compound 93: 5-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
carbonyl] pyridine-2-carboxylic acid '
To a two-neck 100 mL RB flask fitted with magnetic stirrer charged with 2-bromo-4, 4, 7, 7-
tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazole (2.5 g, 9.12 mmol) in THF (30 mL),’n-bu‘tyl ‘
lithium (7.3 mL, 18.24 mmol, 2.5M solution) was added drop wise at -78° C. The above
solution was stirred at -78° C for 1h. Then 5-(methc5xycarbonyl) pyridine-2-carboxylic acid
(1.4 g, 7.7 mmol) in THF (20 mL) was added to the above solution drop wise. Reaction
rhi*ture was allowed to stir at RT for 16h. Reaction mixture was quenched with saturated
ammonium éhloride solution and extracted with ethyl acetate. The organic layer was washed
with water and brine, dried over Na,SQ,, filtered anvd concentrated to yield the crude product.
The product obtained was purified by column chromatography to yield the title compound as a
white solid (2.5 g, yield: 96.15%). MS (ESI, 120 eV): m/z = 345.12 (M+H)".

Scheme 41
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' Ex'an'!.ple 945 5—[1-(4, 4,7, 7-tetramethyl-4, 5, 6, 7-ietrahydro-1, 3-beniothiazol-2-yl)
ethenyl] pyridine-2-carboxylic acid

Compound 94 was synihesized from 5-[(4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
benzothiazol-2- y!)carbonyl]pyndme-2 carboxylic acid by 1ollowmg the procedure described in
scheme 41; punty 87 82%

Intermediate 93: 5-[1-hydroxy-1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) ethyl] pyridine-2-carboxylic acid
To a single-neck 100 mL RB flask fitted with magnetic stirrer charged with 5-[(4, 4, 7 7-

v tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)carbonylpyridine-2-carboxylic acid
(0.8 g, 2.3 mmol) in THF (20 mL), methyl magnesium iodide (1.74 mL, 6.9 mmbl, 4M solution)
wés added drop wisev at 0° C. Reaction mixture was stirred at 0° C only for 40 minutes. After
completion of the réaction, reaction mixture was quenched with HCL and extracted with ethyl
ace_tate.' The organic layer was washed with water and brine, dried over Na,SOy, filtered and
concentrated to yield the crude product. The product obtained was purified by column -
chromatography' to yield the title compound as a yellow gummy (0.65 g, yield: 78.31%). .

Conipbund 94: 5-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzdthiazol-2-yl)
ethenyl] pyridine-2-carboxylic acid
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To a stirred solution of 5-[1-hydroxy-1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl)ethyllpyridine-2-carboxylic acid (0.5 g, 1.39 mmol) in dioxane (20 mL),
cdn.HZSO,, was added. Reaction mixture was heated to 100° C for 4h. Reaction progress
was monitored by LCMS. Water was added to the reaction mixture and extracted with ethyl
écetate. The organic layer was washed with water and brine, dried over Na,SQ,, filtered and
concentrated to yield the crude product. The product obtained was purified by preparative
HPLC to yield the title compound as a yellow solid (0.045 g, yield: 9.37%). MS (ESI, 120 eV):
m/z = 343.15 (M+H)".

Scheme 42
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Example 95: 6-[(4 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
carbonyl] pyridine-3-carboxylic acid

Compound 95 was synthesized from 2-bromo-4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3- .
benzothiazole and methyl 6-(chlorocarbonyl)pyridine-3-carboxylate by following the
procedure described in scheme 42; purity: 90.94%

Intermediate 94: methyl 6-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl) carbonyl] pyridine-3-carboxylate



WO 2015/107549 PCT/IN2015/000010
145

To a stirred solution of 2-bromo-4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazole
(1 g, 3.64 mmol) in THF (10 mL), n-butyl lithium was added at -78° C drop wise. The above
solution was stirred for 45 min at -78° C. To the stirred solution, methyl 6-(chlorocarbony!)
pyridine-S-carboxylate‘(1.32 g. 7.3 mmol) [which was prepared by reacting thiony! chloride
(15 mL) with 5-(methoxycarbonyl)pyridine-2-carboxylic acid] was added. Reaction mixture
was heated to 75° C for 3h then RT for 16 h. Reaction mixture was quenched with saturated
ammonium chloride solution and extracted with ethyl acetate. The organic layer was washed
‘with water and brine, dried over Na,SO,, filtered and concentrated to yield the crude product.
The pfoduct obtained was purified by column chromatography to yield the title compound as a
brown gummy (0.06 g, yield: 4.6%). MS (ESI, 120 eV): m/z = 345.1 (M+H)".

"~ Compound 95: 6-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
carbonyl] pyridine-3-carboxylic acid . -
A 25mL RB fiask fitted with magnetic stirrer was charged methanol (10 mL) and THF (5 mL).
To the stirred solvent was added methyl 6?[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-

~ benzothiazol-2-yl) carbonyl] pyridine-3-carboxylate (0.06 g, 0.16 mmol} and aq. NaCOH (0.067

' g, 1.6 mmol) at 0° C. Reaction mixture was stirred at RT for 16h. The reaction mixture was
concentrated'completely and the crude was washed with ether, and diluted with water and
then neutralized with 1.5 N HCI, extracted with ethyl acetate. The orgahic layer was washed
with water and brine, dried over NaZSO4, fiitered and concentrated to yield the product. The
produét obtained was triturated with hexane to yield the tittle compound as a brown gummy
(0.015 g, yield: 26.3%): MS (ESI, 120 eV): m/z = 345.1 (M+H)*. -

Scheme 43
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‘Example 96: '6-[1-hydroxy-1-(4,‘ 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) ethyl] pyridine-3-carboxylic acid

s OH
/

O

Compound 96 was synthesized from methyl 6-((4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
benzothiazol-2-yi)carbonyl]pyridine-3- carboxylate by following the procedure described in
scheme 43; punty 89.16%

Intermediate 95: methyl 6- [1 hydroxy-1-(4, 4, 7, 7-tetramethyl-4, 5 6, 7-tetrahydro-1 3
benzothiazol-2-yl) ethyl] pyndme-3 carboxylate

To a single-neck 100 mL RB flask fitted with magnetic stirrer charged with methyl 6-[(4, 4, 7,
7-fetramethyl—4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-5/!)carbonyl]pyridine-3-carboxylate
(0.06 g, 0.17 mmol) in THF (5 mL), methyl magnesium bromide (0.17 mL, 0.5 mmol, 3M
solution) was added drop wise at 0° C. Reaction mixture was stirred at 0° C for 12h. After
completion of the reaction, reaction mixture was quénchéd with ice and extracted with ethyl
“acetate. The organic layer was washed with water and brine, dried over Na,SQ,, filtered and
concentrated to yield the crude product. The product obtained was purified by pr‘eparative
‘TLC to yield the title compound as a white solid (0.025 g, yield: 43.8%).

_Compound 96: v-6-['1-hydr_oxy-1-(4, 4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-g-yl) ethyl] pyridine-3-carboxylic acid ‘
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A 25mL RB flask fitted'witlh magnetic stirrer was with charged methanol (10 mL) and THF (5
mbL). To the stirred solvent methyl 6-[1-hydroxy-1-(4, 4, 7, 7-tétramethyl-4, 5, 6, 7-tetrahydro-
1, '3-benzothiazol-2-yl)ethyl]pyridine-3-carboxylate_ (0.012 g 0.03 mmol) and ag. NaOH (0.13
g, 0.32 mmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The reaction
mixture was concentrated completely and the crude was washed with ether, and diluted with
water and then neutralized with 1.5 N HCI, extracted with ethyl acetate. The organic layer was
vwashed with water and brihé, dried over Na;SQ,, filtered. and concentrated to yield the
product.' The product obtained was triturated with hexane to yield the title combound as a
brown solid (0.01 g, yield: 90.90%): MS (ESI, 120 eV): m/z = 361.1 (M+H)*. :

Scheme 44 ' S '
. % N v
. O/\\ ‘ .
HO Bl ‘H MgBr, THF
. : CH3MgBr,
[ Ssr 0 ' OH . o
- - N7 0 C, 45 min
-8 _ n-Buli, THF :
) 0 o]
Intermediate 75 - 78 C-RT, 160 Intermediate 96

S: OIH C :OH TFA, con. H,S0,

/ ——
N ° RT. 1h

Intermediate 97 : '

Compound 97

~Example 97: 4-[1-(4,4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-i, 3-benzothiazol-2-yl)
ethenyl] benzoic acid

OH

N O
a2
S

Compound 97 was synthesized from 2-bromo-4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
benzothiazole and 4-(ethoxycarbonyl)benzoic acid by following the procedure indicated in '
~ scheme 44; purity: 99.77% '

Intermediate 96: 4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
carbonyl] benzoic acid
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To a two-neck 100 mL RB flask fitted with magneti¢ stirrer charged with 2-bromo-4,4.7.7-
tetramethyl-4,5,6,7-tetrahydro-1.3-benzdthiazole (0.91 g, 3.3 mmol) in THF (5 mL), n-butyl
lithium (2.2 mL, 5.5 mmol; 2.5M solution) was added drop wise at -78° C. The above solution’
was stirred at l-78° C for 1h. Then 4-(ethoxycarbonyl) benzoic acid (0.5¢g, 27 mrhol) in THF
(5 mL) was added to the above solution drop wise. Reaction mixture was allowed to stir at
RT for 16h. Reaction mixture was quehched with saturated amrhonium chloride solution and

~ extracted with ethyl acetate. The organic layer was washed with water and brine, dried over
Na2804, filtered and concentrated to yield the crude product The prdduct obtained was
purified by column chromatography to yxeld the title compound as a white solid (0 1 g, yield:
10.5%). MS (ESI, 120 eV): m/z = 344.1 (M+H)*.

Intermediate 97'v 4-[1-hydroxy-1-(4, 4 7, 7-tetramethyl -4, 5, 6, 7- tetrahydro-1 3-
benzothiazol-2-yl) ethyl] benzoic acid

: To a single-neck 100 mL RB flask fitted with magnenc stirrer charged with 4-[(4,4.7,7-
tetramethyl-4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)carbonyllbenzoic ‘acid (0.1 g, 0.29 mmol)
in THF (5 mL), méthyl magnesium iodide (0.15 mL, 0.6 mmol, 4M solution) was added drop
wise at 0°-C. ‘ Reaction mixture was stirred at RT for 1h. After completion of the reaction,

" reaction mixture was quenched with 1N HCI and extracted with ethyl acétate. The organic
layer was washed with water and brine, dried over Na,SO,, filtered and concentrated to yield
the Crude product. The product obtained was purified by preparative TLC to yield the titie
compound as a brown solid (0.05 g, yield: 50%). ’ ‘

Compound 97: 4- -[1-(4, 4,7, 7- tetramethyl-4 5, 6, 7-tetrahydro -1,°3- benzothlazol -2-yl)
ethenyl] benzoic acid ‘

To a stirred solution of 4-[1-hydroxy-1-(4, 4, 7, '7-tetram_ethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) ethyl] benzoic acid (0.04 g, 0.1 mmol) in TFA (0.2 mL), con.H,SO, (6.8 mL)
was added drop wise. Reaction mixture was kept at RT for th. Then reaction mixture was
quenched with saturated NaHCO; solution and extracted with ethyl acetate. The organic
layer Was washed with water and bri’ne,‘dried over NaZSO;, filtered and concentrated to yield .
the crude product. The product obiained was purified by preparative HPLC to yield the title
compound as a white solid (0.015 g, yield: 39.5%). MS (ESI, 120 eV). m/z = 342.15 (M+H)".-

Scheme a5
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Example 98: 4-[1-(4,4,7, 7-tetramethyl-4 5, 6, 7-tetrahydro-1 3- benzothlazol—2-yl)

cyclopropyl] benzoic acid

Compound 98 was synthesized'from 4-[1-(4,4,7,7-tetramethyi-4,5,6,7-tetrahydro-1,3-

benzothiazol-2-yl)ethenyl]benzoic acid by following the procedure indicated in scheme 45;

purity: 98.93%

Intermediate 98: methyl 4-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-

‘ benzothiazdl-2—yl) ethenyl] benzoate
To a stirred solution of 4-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-yl)
ethenyl] benzoic acid (0.5 g, 1.46 mmol) in DMF’(3 mL), K:CO; (0.8 g, 5.85 mmol) was
added. Then methyl iodide (0.3 mL, 4.4 mmol) was added to the above stirred solution.

Reaction mixture was heated to 90° C for 1h. Reaction mixture was poured into water and

extracted with ethyl acetate. . The organic layer was washed with water and brine, dried over

Na,SO,, filtered »and concentrated to yield the.crude product.

The product obtained was

purified by column chromatography to yield the title compound as a pale yellow oil (0.13 g.

yield: 25%).
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Intermediate 99: methyl 4-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) cyclopropyi] benzoate S

"To a two-neck 25 mL RB flask fitted with magnetic stirrer charged with 4_[1,_(4,4]’7_
tetramethyl-4,5,6‘,7-tetrahydro-1,3—benzothiazol-2-yl)ethenyl]benzoic acid (0.13 g, 0.4 mmol)
in DCM (5 mL), diiodomethane (0.35 mL, 4.3 mmol) was added at 0° C. To the stirred
s‘olution, diethyl zinc (2.2 mL, 2.1 mmol) was added drop wise at the same temperature.
Reaction mixture was allowed to stir at RT for 48h. Reaction mixture was quenched with 1 N
'HC! and extracted with ethyl. acetate. The organic layer was washed with water and brine,
dried over Na,SO,, filtered and concentrated to yield the crude product. The crude product
(pale yeliow oil) obtained was as such taken for next step without further purification (0.15 g,
yield: 25%). o

Compound 98: 4-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-behzothiazol-2-yl)
cyclopropyl] benzoic acid » '

A 25mL RB flask fitted with magnetic stirrer was charged with- methanol (10 mL) and THF (2
mL). To the stirred solvent methyl 4-[1-(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) cyclopropyl] benzoate (0.15 g, 0.41 mmol) and aq. NaOH (0.08 g, 2.02
rhmol) was added at 0° C. Reaction mixture was stirred at RT for 16h. The reaction mixture
was concentrated completeiy and the crude was washed with ether, and diluted with wéter
and then neutralized with 1.5 N HCI, extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over Na,SO,, filtered and concentrated to yield the
product. The product obtained was again purified by preparative HPLC to yield the title
compound as a white solid (0.002 g, yield: 1.5%): MS (ESI, 120 eV): m/z = 356.1 (M+H)".

Examplé 99: 6-[cyclobutyl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-
2-yl) amino} pyridine-3-carboxylic acid

‘Compound 99 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-amine and methyl 6-chloropyridine-3-carboxylate by following the similar
procedure described in scheme 18; purity: 97.43%. . '
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-Exampie 100: 4-[phenyl 4,4,7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-benzothiazol-2-
yl) amino] benzoic acid

| o]
/S
N%

Compound 100 was synfhesized from ethyl 4-[(4, 4, 7, 7-tetramethyi-4, 5, 6,> 7-tetrahydro-1, 3-
. benzothiazol-2-yl) amino] benzoate (intermediate 65) and iodobenzene by following the
similar procedure described in scheme 27; purity: 96.86%.

~OH

Example 101: 4-[pyridin-2-yl (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1,3- .
benzothiazol-2-yl) amino] benzoic acid

v

’ (o]
74 S /©/lLOH
N)\N |
B |

=

Compound 101 was synthesized from ethyl 4-[(4, 4, 7, 7-tetrar_nethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] benzoate (intermediate 65) and 2-bromopyridine by following the
similar procedure described in scheme 27; purity: 97.95%.

Example 102: 4-[(3, 4, 4,7, 7-pentamethyl-4, 5, 6, 7-tetrahydro-1-benzothiophen-2-yl)
(phenyl) amino] benzoic acid - ‘ o
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. Compound 102 was synfhesized from methyl 4-{(3,4,4,7,7-pentamethyl-4,5,6,7-tetrahydro-1-
benzothiophen-2-yljaminolbenzoate (Intermediate-9) and i‘odoben'zene by following the
similar procedure described in scheme 27; purity: 99.04%.

Example 103: 4-[(3, 4, 4 7, 7-pentamethy| 4,5,6,7- tetrahydro1 benzothlophen 2-yl)
(pyridin-2-yl) amino} benzoic acid

" Compound 103 was synthesized from methyl 4-[(3 4,4,7,7-pentamethyl-4,5,6, 7-tetrahydro-1-
benzothiophen-2- yl)amlno]benzoate (Intermediate-9) and 2-bromopyridine by fonowmg the
similar procedure described in scheme 27 punty 91.19%.

Example 104 4- [(3 4,4, 7, 7-pentamethyl-4, 5, 6, 7-Ietrahydro-1 benzothlophen-z-yl)
(pyrldm-z-ylmethyl) amino] benzoic acid

Compound 104 was synthesi_zed from methyl 4_—[(3,4,4;7,7-pentamethyl-4,5,6,7-tetréhydrd-1 -
benzothiopheh-2-yl)a‘mino]benzoate (Intermediate-9) and 2-(bromomethyl) pyridine by
following the similar procedure described in scheme 27; purity: 99.23%. ‘

Scheme 46
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Example 105: {4-[(cyclopropylmethyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] phenyl} acetic acid ' '

OH
0

N
[ >N
s <
Compound 105 was synthesized from 4, 4, 7, 7-tetrameth§/|-4, 5, 6, 7-tetrahydro-1, 3-
' benzothiazol-z-amine and methy! (4-bromophenyl!) aCetateby following the procedure
described in scheme 46; purity: 88.65 %

Intermediate 100: methyl (4-bromophenyl) acetate

To a stirred solution of (4-bvromophenyl) acetic acid (1.5 g, 6.9 mmol) in DMF (10 mL),
potassium carbonate (1.92 g, 14 mmol) and methyl iodide (1.46 g, 10-mmol) was added at 0°
C in a RB flask. - Reaction mixture was kept at RT for 2h.Then the reaction mixture was
cooled to RT, poured into water and"extra(’:ted with ethyl acetate. The combined extracts were
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‘washed with water and brine solution. The organic layer was dried over anhydrous Na,SO,
and concentrated in vacuum. The crude product obtained was purified by column
chromatography to get the title compound as a yellow liquid (1 g, yield: 63.69 %).

Intermediate - 101:  methyl {4-[(4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] phenyl} acetate

To a 100 ml pressure tube with screwed cap charged with 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-amine (0.23 g, 1 mmol) in toluene (5 mL), methyl (4-
bromophenyl) acetate (0.42 g, 2 mmol)v\./vas added. To a stirred solve.n‘( CS,C0;(0.97 g, 3
mmol) and Xantphos (0.03 g, 0.05 mmol) was added. Above solution was degassed with
nitrogen for 10 minutes. Then Pd, (dba); (0.02 g, 0.02 mmol) was added to the reaction
mixture. The reaction mixture was heated to 100 °C for 16 h. Reaction mixture was cooled to
RT, and poured into water and extracted with-ethyl acetate. The combined extracts were
washed with water and brine. The organic layer was dried over anhydrous NaZSO,, and
concentrated in vacuum. The crude product obtained was purified by column to give the title
compound as a yellow solid (0.2 g, yield: 55.86 %). '

Intermediate 102: methyl {4-[(cyclopropylmethyl) 4, 4, 7, 7-tétramethyl-4, 5, 6,' 7-
tetrahydro-1, 3-benzothiazol-2- -yl) amino] phenyl} acetate

To a stirred solution of methyl {4-[(4,4,7,7-tetramethyl-4,5,6,7- tetrahydro 1,3-benzothiazol-2-

yl)amino]phenyl}acetate (0.2 g, 0.55 mmol) in DMF (5 mL), cesium carbonate (0.53 g, 1.65
mmol) and cyclo prop'yl methyl bromide (0.11 g, 0.82 mmol) was added at 0° C in a RB flask.
Reaction mixture was heated-to 100° C for 2h.Then the reaction mixture was cooled to RT,
poured into water and ext‘rac‘ted with ethyl acetate. The combined extracts were washed with
water and brine solution. The organic layer was dried over anhydrous Na,SO, and
concentrated in vacuum.  The crude product obtained was: purified by - column
chromatography to get the title compound as a yellow liquid (0.018 g, yield: 78.26%).

Compound 105: {4-[(cyclopropylmethyl)(4,4,7,7-tetramethyl-4,5,6,7-tetrahydro-1,3-
’ benzothiazol-z-yl)aminb]phenyl}acetié acid N

A 25mL RB flask fitted with magnetic stirrer was charged with methano! (0.5 m'L) and THF
(0.5 mL). To the stirred solvent methyl {4-[(cyclopropylmethyl) (4, 4, 7, -7-tetramethyt-4, 5, 6,
7-tetrahydro-1, 3-benzothiazol-2-yl) amino] phenyl} acetate (0.018 g, 0.04 mmol) and aq.
NaOH (0.005 g, 0.13 mmdl) was added at 0° C. Reaction mixture was stirred at- RT for 20
minutes. The reaction mixture was concentrated completely and the crude was washed with
ether, and dilutéd with water and then neutralized with 1.5 N HCI, extracted with ethyl acetate.i '
‘The organic layer was washed with water and brine, dried over Na,SQ,, filtered and
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concentrated. The obtained solid was triturated with hexane to give the title compound as a
white solid (0.01 g, yield: 58.82 %): MS (ESI, 120 eV): m/z = 398.2 (M+H)".

Example 106: 3-_{4-[(cyclopr6pylmethyl) (4,4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-yl) amino] phenyl} propanoic acid ’

Compound 106 was synthesiied from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-amine and methyl 3-(4-bromophenyl) propanoate by following the procedure
described in scheme 46; purity: 90.67 %.

Example 107: '((2E)-3-{4-[(cycldpropylmethyl) (4, 4, 7, 7-tetramethyl-4, 5, 6, 7-
tetrahydro-1, 3-benzothiazol-2-yl) amino] phenyl} prop-2-enoic acid '

Compound 3 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tétrahydro‘-1, 3-
benzothiazol-2-amine and methyl'(2E)-3-(4-iodophenyl) prop-2-enoate by following the
“procedure described in scheme 46; purity: 95.98 %.

Example 108: 2-{4-[(cyclopropylmethyl) (4, 4, 7, 7-tetramethyl- 4 5,6, 7-tetrahydro-1 3-
»benzothlazol 2-yl) ammo] phenyl} cyclopropanecarboxyllc acid
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Compound 108 was synthesized from 4, 4, 7, 7-tetramethyl-4, 5, 6, 7-tetrahydro-1, 3-
benzothiazol-2-amine and methyl 2-(4-iodophenyl) cyclopropanecarboxylate by following the
procedure described in _sche‘m’e 46; purity: 97.59 % '

The compounds outlined in Table 1 were synthesized following the procedures . outlined
-above or variations thereof. : ' '

Table 1
NO Structure ~ 'HNMR | m/z
1 512.96(s, 1H), 7.91-7.94 (d, 2H), | 353.1
7.39-7.42(d, 2H), 5.84(s, 1H), 5.42(s, )
1H), 1.94(s, 3H), 1.66(s, 4H), 1.25- | (M-H)
1.27(d, 12H) '
2 5 7.87-7.89(d, 2H), 6.99-7.02(d, 2H), | 367.1
2.06(s, 3H), 1.61(s, 4H), 1.41-1.42(d, )
2H), 1.35-1.37 (d, 2H), 1.24(s, 6H), (M-H)" -
1.2(s, 6H) :
3 3 13.06(s, 1H), 11.46(s, 1H),7.97- .| 3722
8.00(d, 2H), 7.45-7.47(d, 2H), 2.03(s, .
3H), 1.63(s, 4H), 1.23(s, 12H) | (M+H)
4 513.10(s, 2H), 7.95-8.01(d, 2H), | 386.2(M
| 7.43-7.51(d, 2H), 3.97(s, 3H), 2.07(s, | +H)*
3H), 1.68(s, 2H), 1.63(s,2H), 1.27(s, :
6H), 1.24(s, 6H)
5 513.72 (s, 1H), 9.14-9.15(d, 1H), | &58;‘ ’
| 8.44-8.48(dd, 1H), 8.01-8.03(d, 1H), | (M+H)
2.59 (s, 3H), 1.68 (s, 4H), 1.32 (s,
- 12H) :
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5 5 13.40(s, 1H), 9.06-9.07(d, 1H), 2562
_ 8.25-8.28(dd, 1H), 7.29-7.32(d, 1H), 29
6.38(s, 1H), 5.60(s, 1H), 1.93(s, 3H), | (M+H)"
1.67(s, 4H), 1.26-1.28(d, 12H)
7 513.18(s, 1H), 8.95(s, 1H), 8.10- . | 3702
8.13(t, 1H), 6.88-6.91(d, 1H), 2.08- )
2.09(d, 3H), 1.76(br, 2H), 1.66(s, (M+H)
4H), 1.36(br, 2H), 1.26(s, 12H)
8 | . 5 7.86-7.89(d, 2H), 6.54-6.57(d, 2H), | 358.1
3.22(s, 3H), 1.91(s, 3H), 1.64(s, 4H), .
Y o 1.22-1.24(d, 12H) (M+H)
s / /O/(
N OH
/ .
9 | 512.24 (s, 1H), 7.74-7.77(d, 2H). '
. , , 6.57-6.60(d, 2H), 3.64-3.66(q, 2H), | 3722
y o 1.94(s, 3H), 1.68(s; 4H), 1.26(s, | .. -

/ : 12H), 1.14-1.19(t, 3H) (M+H)”

10 57.86-7.89(d, 2H), 6.76-6.79(d, 2H), | 3842
2.70-2.77(m, 1H), 1.84(s, 3H), .
1.64(s, 4H), 1.22-1.23(d, 12H), 0.82- | (M+H)
0.84(m, 2H), 0.62(br, 2H) ‘

5 7.84-7.87(d, 2H), 6.56-6.59(d, 2H), | 3981
3.42-3.44(d, 2H), 1.92(s, 3H), 1.64(s, .
| 4H), 1.24(s, 6H), 1.21(s, 6H), 0.76- | (M+H)

10.81(m, 1H), 0.44-0.47(m, 2H), 0.15-
0.19(m, 2H)

11
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12 : | 87.71-7.74(d, 2H), 6.56-6.59(d, 2H), | 398.1
3.44-3.46(d, 2H), 1.96(s, 3H), 1.68(s, -

Y . o 4H), 1.25-1.26(d, 12H), 1.06-1.11(m, | (M-22)
/ 5 "1H), 0.44-0.47(m, 2H), 0.20-0.22(m,
S ON - L 2H)
N a . B
13 . | 57.82-7.85(d, 2H), 6.47-6.50(d, 2H), | = 384 -
: . 4.24-4.33(m, 1H), 1.89(s, 3H), )
1.64(s, 4H), 1.22-1.24(d, 12H), (M-H)
1.86(s, 6H)

14 5 8.00-8.03(d, 2H), 7.37-7.40(d, 2H), | 422.1
3.13(s, 3H), 2.15(s, 3H), 1.62(s, 4H), )

1.20-1.24(d, 12H) (M+H)

15 512.21(s, 1H), 7.69-7.72(dd, 1H), | 382
7.53-7.58(d, 1H), 7.50-7.51(d, 1H), | (M+H)
7.12-7.15(d, 1H), 6.40-6.45(d, 1H),

3.81(s, 3H), 2.03(s, 3H), 1.68(s, 4H),
" 1.28(s, 12H)

16 5 6.98-7.01(d, 1H), 6.92(s, 1H), 6.76- &99}42‘
6.79(d, 1H), 3.71(s, 3H), 2.48(br, | (M+H)
1H), 2.01(s, 3H), 1.76-1.77(m, 1H), "

1.62(s, 4H), 1.47-1.54(m, 2H), 1.25-
"1.26(d, 12H)
17 - 5 8.88-8.89(d, 1H), 7.94-7.96(d, 1H), | 359.1(M
- | 6.27-6.30(d, 1H), 3.47(s, 3H), 1.94(s, | +H)*
p o 3H), 1.65(s, 4H), 1.23-1.25(d, 12H)
S : N// OH ‘
NS
/
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18 - 58.85-8.86(d, 1H), 7.85-7.89(dd, | 373.2
‘ ( S 1H), 6.10-6.13(d, 1H), 3.80-3.85(q, )
o 2H), 1.92(s, 3H), 1.65(s, 4H), 1.23- | (M+H)
1.25(d, 12H), 076-0.83 (t, 3H) o
OH '
19 512.69 (s, 1H), 8.70 (s, 1H), 7.99- | 385.1
8.03 (dd, 1H), 6.58-6.61(d, 1H), .
o 3.08-3.12 (m, 1H), 1.88 (s, 3H), 1.68 | (M+H)
(s, 4H), 1.26 (d, 12H), 0.86-0.88 (m, .
oH -+ 2H), 0.52 (br, 2H) :
20 | ' o 58.82-8.83 (d, 1H), 7.85-7.89 (dd, | 397.1(M
. 1H), 6.11-6.14(d, 1H), 3.62-3.89 (m, | = -H)"
p . 2H). 1.94 (s, 3H), 1.64 (s, 4H), 1.24- j
/[ ~N= 1.25 (d, 12H), 0.76-0.81 (m, 1H);
TN, W om 0.38-0.41 (m, 2H), 0.17-0.24 (m, 2H) ‘
2 | 51262(s, 1H),8.71 (s, 1H), 7.89- | 385.2(M
' 7.92 (d, 1H), 5.96-5.99(d, 1H), 5.18- | -H)*
o 5.22(m, 1H), 1.93 (s, 3H), 1.70 (s,
4H), 1.27-1.28(d, 12H), 1.22-1.24(d,
oH 3H), 0.99-1.01 (d, 3H)
22 59.03(s, 1H), 8.14-8.17 (d, 1H), :A?i-l‘*
6.54-6.56(d, 1H), 3.56(s, 3H), 2.15(s, | (M+H)
o 3H), 1.64(s, 4H), 1.24(s; 12H)
OH
o3 ' - 3 8.88(s, 2H), 3.42(s, 3H), 1.92(s, 360.1
3H), 1.63(s, 4H), 1.23-1.25(d, 12H) | (M+H)"
7 [o}
YT
N/{\ J OH
/ N
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24 5 8.94(s, 2H), 3.24-3.27(m, 1H), 386.2
1.87(s, 3H), 1.63(s, 4H), 1.22-1.24(d, )
12H), 0.79-0.91(m, 2H), 0.55 (br, 2H) | (M+H)
25 | 58.13-8.16(d, 2H), 7.87-7.89(d, 2H), | 'K’Z?H?,
2.18(s, 3H), 1.62(s, 4H), 1.23-1.26(d, | (M+H)
12H)
26 58.91(s, 1H), 8.09-8.11(d, 1H), 6.31- | 331.1
6.34 (d, 1H), 3.46(s, 3H), 2.67-2.71(t, :
2H), 2.29-2.34(t, 2H), 2.01(s, 3H), | (M+H)"
1.84-1.86(m, 2H), 1.30(s, 6H) |
27 57.83-7.86(d, 2H), 6.66-6.69(d, 2H), | 358.2
2.18(s, 1H), 3.63-3.70(q, 2H), 1.61- | _ )
7 o 1.68(m, 4H), 1.24(s, 6H), 1.19-1.22(t, | (M+H)
S 3H), 1.13(s, 6H)
N OH
28 ' o 5 8.91(s, 1H), 8.20-8.23(d, 1H), 7.48- | 3701
: : | 7.51(d, 1H), 199(s, 3H), 1.70(3, 4H), )
; 1.29-1.31(d, 12H) (M+H)"
29 57.96-7.99(d; 2H), 5 7.43-7.45 (d, | 3930
2H), 7.31-7.36(d, 1H, J=15.9 Hz), | (M-H)
6.71-6.75(d, 1H J=15.6 Hz), 2.30(s,
3H), 1.61(s, 4H), 1.24-1.26(S, 12H)
30 57.91-7.93(d, 2H), 8 7.31-7.34 (d, iﬁ‘,
2H), 6.61-6.65(d, 1H, J=12 Hz), (M-H)
6.43-6.47(d, TH J=12 Hz ), 2.07(s,
3H), 1.57(s, 4H), 1.15-1.19(S, 12H)
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| 31 5 12.80(br, 1H), 7.83-7.86(d, 2H), | 367.1
: 7.29-7.31 (9, 2H), 2.27(br, 1H ), (M-H)
2.16(s, 3H), 1.98(br, 1H), 1.61(s, -
4H), 1.50-1.52(m, 2H), 1.22(s, 12H),
32 5 8.06-8.09(d, 2H), 7.47-7.50(d, 2H), | 4202
| 6.30-6.31(d, 1H), 6.17-6.18(d, 1H), -
3.89-3.96(q, 2H), 2.13(s, 3H), 1.65(s, | (M-H)
4H), 1.26-1.28(d, 12H), 1.17-1.21(1,
, 3H) '
| |
. 5 7.97-8.00(d, 2H), 7.40-7.43(d, 2H), | _
33 . 45.
3.49(s, 3H), 1.63(s, 4H), 1.86(s, 3452 |
12H) (M)
34 57.99-8.02(d, 2H), 7.43-7.46(d, 2H), | 343.2
5.39-5.49(m, 2H), 3.52(s, 3H), 1.25- R
1.26(d, 12H) (M+H)
35 | 57.98-8.01(d, 2H), 7.41-7.44(d, 2H), | 389.1
3.63-3.68(m, 2H), 3.49(s, 3H),3.32- |
3.44(m, 1H), 1.75-1.76(m, 2H), 1.86- | (M+H)
1.22(d, 12H), 1.14-1.18(t, 3H) -
36 5 7.95-7.98(d, 2H), 7.59-7.62(d, 2H), | 3712
' 2.88-2.95(m, 1H), 1.63(s, 4H), M
1.23(s, 6H), 1.17(s, 6H), 1.02- | (M+H)
1.04(m, 2H), 0.79-0.81(m, 2H)
37 513.01(s, 1H), 8:82-8.83(d, 1H), | 372.1
8.21-8.25(dd, 1H), 7.55-7.58(d, 1H), .
3.13-3.16(m, 1H), 1.67(s, 4H), 1.22- | (M+H)
1.27(d, 12H), 1.17-1.23(m, 2H),
0.60-0.71(m, 2H) "
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38 , : . 58.01-8.03(d, 2H), 5 7.38-7.40 (d, 385.1
: _ 2H), 3.84-3.86(d, 2H ), 1.61(s, 4H), Do
s o 1.19-1.21(d, 12H), 0.79-0.83(m, 1H), | (M+H)
’14 R 0.40-0.43(m, 2H), 0.17-0.19(m, 2H)
5T OH
39 59.01-9.02(d, 1H), 8.14-8.18(dd, 360.1
‘ 1H), 7.05-7.08(d, 1H), 4.32-4.39(q, .
o . 2H), 1.64(s, 4H), 1.32-1.34(t, 3H), (M+H)
-~ 1.27(s, 6H), 1.20(s, 6H) - :
OH
40 o : '-'69.01-9.02(d,1|-|), 8.14-8.18(dd, | 386.1 -
_ ' 1H), 7.11-7.14 (d, 1H), 4.26-4.28(d, :
N o 2H), 1.64(s, 4H), 1.27(s, 6H), 1.18(s, | (M+H)’
, ’//\ N= : 6H), 0.78-0.87(m, 1H), 0.48-0.49(m.
T\ I on 2H), 0.46-0.47(m, 2H)
& '
41 S ‘ ' 59.06(s, 1»H),.8.22-8.25(d,‘ 1H),7.02- [ 5740
v 7.05(d, 1H), 4.39-4.46(q, 2H), 2.61(s,
2H), 1.39(s, 6H), 1.32(s, 6H), 1.17- | (M4+H)*
7 e o 1.19(t, 3H) -
e N=
S
—{Q N / OH
42 , | 59.10(s, 2H), 4.60-4.67(q, 2H), | 361.1
1.64(s, 4H), 1.30-1.35(t, 3H), 1.28s, .
BH), 1.21(s, 6H) (M+H)
43  59.10(s, 2H), 4.50-4.53(d, 2H), - | 385.1 |
1.64(s, 4H), 1.28(s, 6H), 1.19(s, 6H), .
0.79-0.81(m, 1H), 0.49-0.50(m, 2H), | (M-H)
0.37-0.41(m, 2H) - :
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44 4
) ZY

5 8.49(s, 1H), 8.03-8.05(d, 1H), 7.67-
| 7.70(d, 1H), 2.78(s, 3H), 1.74(s, 4H),
11.28-1.33(d, 12H)

370.1

(M+H)*

45 |
/N

5 8.87(s, 1H), 8.46-8.49(d, 1H), 8.30-
8.33(d, 1H), 1.74(s, 4H), 1.40(s,
12H)

357.0
(M+H)*

46 _ ,
: PN

© 58.27(s, 1H), 7.92-7.96(d, 2H),
6.99-7.02 (d, 2H), 1.71(s, 4H), 1.27-
1.30(d, 12H)

332.1

(M+H)*

47 )
z

1.79(s, 4H), 1.36-1.39(d, 12H

5 8.57-8.60(d, 2H), 8.23-8.26(d, 2H),

3441
(M+H)”

48 ,
' |

5 7.90-7.93(d, 2H), 7.76-7.79(d, 2H),
7.52-7.57(d, 1H, J=15 hz), 7.34-
7.39(d, 1H, J=15 hz), 1.71(s, 4H),
1.26-1.30(d, 12H)

342.1
(M+H)~

49

5 7.92-7.94(d, 2H), 7.85-7.88(d, 2H),
6.82(s, 2H), 1.67(s, 4H), 1.21-1.22(q,
C12H) -

340.1(M
-H)*

50
!

59.01(s, 1H), 8.15-8.18(d, 1H), 7.74-
7.79(d, 1H, J=15 hz), 7.66-7.69(d,
1H) 7.38-7.43(d, 1H, J=15.9 hz), -
1.71(s, 4H), 1.27-1.30(d, 12H)

343.1(M
+H)*

51

5 7.72-7.75-(d, 1H), 6.57-6.59(d,

2H), 3.29-3.45(m, 2H), 2.04-2.08(m,
1H), 1.86(s, 3H), 1.63(s, 5H), 1.24(s,
6H), 1.20(s, 6H), 0.91-0.93(d, 6H).

445.3
(M+H)+
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52 Vo ' | | 4003
— : : ' (M+H)+
53 B 12.94(s, 1H), 7.96-7.99(d, 2H), 401.3
7.57-7.60(d, 2H), 3.82-3.84(d, 2H), | (M+H)+
2.64(s, 2H), 1.92-2.01(m, 1H), -
1.28(s, 6H), 1.17(s, 6H), 0.87-
.0.89(d, 6H). *
54 | 5 8.61(s, 1H), 7.57-7.60(d, 1H),
| 6.54(s, 1H), 6.18-6.20(d, 1H), 6.06(s,
1H), 3.64(s, 3H),2.00-2.04(m, 5H), 430.2
1.92(s, 6H), 1.67(s, 6H), 1.43- Mok
1.50(m, 4H), 0.91-0.93(d, 6H). | (M+H)+
55 470.2
C(M+H)+
56 454.2
(M+H)+
57 4923
(MiH)+
58 5 12.73(s, 1H), 7.83-7.86(d, 1H), 401.4
7.39(s, 1H), 7.32-7.35(d, 1H),3.76-
_ 3.79(d, 2H), 1.62(s, 4h), 1.15- (M+H)+
s 1.16(m, 15H),0.86-.0.88(d, 6H).
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5 12.75(s, 1H), 7.84-7.87(d, 1H),

399.4

59 . HO
0o 7.32-7.38(t, 2H), 3.79-3.82(d, 2H), .
1.62(s, 6H), 1.17- 1.15(m, 15H), (M+H)+
s 0.40-0.42(d, 2H), 0.21-0.22(d, 2H).
P
N ]
60 RN 513.02(s, 1H), 7.82-7.86(dd, 1H), | 399.4
7.44-7.47(d, 1H), 3.64-3.66(d, 2H), |
2.43-2.44(m, 1H), 2.25(s, 3H),1.59(s, | (M+H)+
S>_N 4H), 1.16(s, 6H), 1.09(s, 6H), 0.39-
N <f 0.42(d, 2H), 0.36-0.38(d, 2H).
[e] iR
61 OH 3 13.01(s, 1H), 7.91-7.92(d, 1H), 401.4 -
: 7.82-7.85(dd, 1H),7.43-7.46(d, 1H), ‘
3.61-3.63(d, 2H), 2.22(s, 3H),1.86- | (M+H)+
‘ S>—N 1.95(m, 1H), 1.59(s, 4H), 1.15(s,
N/‘z 6H), 1.10(s, 6H), 0.88-0.91(d, €H).
62 | . . Q 512.79(s, 1H), 7.89-7.92(d, 2H), 371.1
OH 7.51-7.54(d, 2H),5.88-5.99(m, 1H), _
e _ 5.14-5.22(m, 2H), 4.57-4.59(d, 2H), | (M+H)+
s 1.64(s, 4H), 1.18(s, 12H).
N/>—N : =
. A\ 4
63 | ’ 5 12.97-13.01(s, 2H), 7.97-8.00(d, 4411
» 2H), 7.43-7.46(d, 2H),7.34-7.35(d,
HO 1H),6.75-6.76(d, 1H), 1.67 (s, 4H), | (M+H)+
_ /=0 1.19(s, 12H). -
ch ‘
s _N .
IASY
N OH
_O
64 o 5 12.95(s, 1H), 8.83-8.84(d, 1H), 388.3
OH 8.15-8.19(dd, 1H), 7.34-7.37(d, 1H).
_ 4.27-4.29(d, 2H), 2.17-2.24(m, 1H), | (M+H)+
N/ 1.66(s, 1H), 1.28(s, 6H), 1.20(s, 6H),
N 0.89-0.92(d, 6H).
S 0.92(
N/)"N, < ‘
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65 o 5 13.07(s,1H), 8.85(s, 1H), 8.18- 374.2
OH. 8.21(d, 1H), 7.32-7.35(d, 1H), 4.28-
— 4.33(t, 2H), 1.71-1.73(m, 2H),1.66(s, | (M+H)+
\ 4H), 1.27(s, 6H), 1.21(s, 6H), 0.93-
s>_ N _ 0.98(t, 3H).
7 N
‘ N \T
- 66 o 512.98(s, 1H), 8.862-8.868(d, 1H), 4222
‘ HO 8.12-8.15(dd, 1H), 7.21- 7.29(m,
0 6H), 5.67(s, 2H), 1.66(s, 4h), 1.29(s, | -(M+H)+
. == 6H), 1.15(s, 6H).
S >
S 1\ N
SO
N v
67 . 0 388.2
: OH (M+H)+
DY
s \_/
/>—N\__<
N
68 o 5 12.93(s, 1H), 8.75(s, 1H), 8.06(s, 420.1
’ o 1H), 4.28-4.30(d, 2H), 1.67-1.75(d,
, 5H), 1.40(s, 6H), 1.27(s, 6H), 0.74- | (M+H)+
s N7 OH 0.75(d, 2H), 0.47-0.49(d, 2H).
NESNTY '
) Cl
69 o 5 12.93(s, 1H), 8.74(s, 1H), 8.06(s, 4222
- , : 1H), 4.14-4.17(d, 2H), 1.66-1.72(d,
s NZ OH 4H), 1.36(s; 6H), 1.26(s, 7H), 0.88- | (M+H)+
N)\N X 0.90(d, 6H). o
Y ° |
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70 513.30(s, 1H), 8.82(s, 1H), 7.53(s, | 4201
: o 1H), 4.33-4.35(d, 2H), 1.67 (d, 4H), | (M+H)+
gs R 1.28(s, 6H), 1.23(s, 1H), 1.20(s, 6H),

S 0 0.45-0.48(d, 4H).
N)\t\g cl
71 5 13.13(s, 1H), 7.58-7.64(t, 2H), 415.9 -
' 7.50-7.53(d, 1H), 3.84(s, 3H), 3.61- | (M+H)+
A‘ o 3.63(d, 2H), 1.59(s, 4H), 1:17(s,
SN ‘ 6H), 1.09(s, 6H), 0.33-0.35(d, 2H),
e o 0.08-010(d, 2H).
OH ‘
72 512.50(s, 1H), 7.68-7.71(d, 1H), | 4154
7.24-7.25(s, 1H), 7.02-7.04(d, (M+H)+
o 1H)3.85-3.81(m, 5H), 1.63(s, 4H),
- on 1.16-1.17(m, 13H),0.42-0.46(d, 2H),
NJ\% o » 0.23-0.25(d, 2H).
73 : o 5 12.49(s, 1H), 7.67-7.69(d, 1H), 417.4
: 7.25(s, 1H), 7.01-7.04(d, 1H)3.85- | (M+H)+
& o 3.80(s, 5H), 1.62(s, 4H), 1.16(s, '
N Tj/ Negl 13H),0.87-0.89(d, 6H).
74 58.52-8.56(d, 1H), 7.88-7.92(d, 1H), | 385.1 |
6.41-6.44(d, 1H), 2.97(m, 1H), (M+H)+
1.87(s, 3H), 1.67(s, 4H), 1.25(s,
12H), 0.81-0.83(m, 2H), 0.47(m, 2H).
O .
75 5 7.65-7.68(d, 2H), 6.59-6.62(d, 3842
- 2H),2:27s, 1H), 1.90(s, 3H), 1.67(s, | (M+H)+
Y - 4H), 1.25(s, 12H), 0.83-.085(m 2H), | -
AN 0.51(m, 2H).
\_s 0
‘ Nao .
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76 5 8.75(s, 1H), 8.13-8.16(d, 1H), 7.20- 38'6._1
' 7.22(d, 1H), 4.26-4.28(d, 2H), 1.65(s, | (M+H)+
9 4H), 1.53-1.58(m, 1H), 1.27(s, 6H),
s No 1.19(s, 6H), 0.50-0.51(m, 2H), 0.43-
N*Q/ Na 0.45(m, 2H).
77 5 8.51-8.52(s, 1H), 7.79-7.81(d, 1H), | 371.1
, 7.34-7.37(d, 1H), 3.06-3.07(m, 2H), | (M+H)+
o 1.62(s, 4H), 1.21(s, 6H), 1.12(s, 6H),
gs O)LQ 0.96-0.98(d, 2H), 0.60 (m, 2H).
N?‘\N Na
A
.78 : 5 8.94(s, 1H), 8.33-8.36(d, 1H), 7.56- | 370.49
0 7.59(d, 1H),3.28(s, 1H), 1.88(s, 4H), | (M-23)+
R 1.48(5,23),(1).23(5,6;)41.08(m,. :
NJ\Z N/ Na )! . (ml )
79 | 57.62-7.65(d, 1H), 5.89-5.92(d, | 415.4
NH. O 1H),5.67-5.67(d, 1H), 3.31(bs, 2H), |
e 2.01-2.06(m, 1H), 1.86(s, 3H), (M+H)+
A OH 1.62(s, 5H);1.23(s, 6H), 1.20(s, 6H), ‘
N 0.89-0.91(d, 6H).
- 80 HO " 510.30(s, 1H), 7.78-7.81-(d, 1H), | 521.3
o 6.77(s, 1H),6.64(s, 1H), 6.20-6.23(d,
NH 1H), 2.92-2.97(m,2H), 2.03-2.29(m, | (M+H)+
s Y7 P 3H), 1.89(s, 4H), 1.63:1.72(m,6H),
)N 1.24(s, 6H), 1.22(s, 6H), 0.94-
\—< I .0.90(m, 4H), 0.76-0.81(m, 6H). -
81 o 5 12.98(s,1H), 8.87(s, 1H), 8.20- 372.2
OH 8.23(d; tH), 7.35-7.38(d, 1H), 5.52-
— 5.61(q, 2H), 4.32-4.37(t, 2H),1.71- | (M+H)+
N\ 1.78(q, 2H), 1.34(s, 6H), 1.28(s,
S>_N N 6H), 0.94-0.99(t, 3H). -
82 _ Q | 512.98(s, 1H), 8.86(s, 1H), 8.17- 386.2
e 8.21(dd, 1H), 7.34-7.47(d, 1H), 5.55-
W 5.61(q, 2H),4.25-4.41(d, 2H), 2.18- | (M+H)+
S 2.23(m, 2H), 1.38(s, 6H), 1.21(s,
S 6H), 0.91-0.93(d, 6H).
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83 ' Y 385.3
OH (M+H)+
s>_ :
N
N x_< .
‘ ’ 0
84 on 414.3‘
= (M+H)+
/ N
N
O
85 : A on 5 13.66(s, 1H), 9.06-9.063(d, 1H), | 374.3
— 8.45-8.49(dd, 1H),7.72--7.75(d, 1H), | (M+H)+
YO Y 1.97 (s, 3H), 1.62(s, 4H), 1.27(s,
N 6H), 0.97(s, 6H).
N )=o
86 o o 402.3
OH (M+H)+
5_ N
N
Ho RN
87 ' o 59.08-9.09(d, 1H)8.22-8.26(dd, 1H). | 416.3
: , oH 7.17-7.20(d, 1H), 4.34-4.36(d, v
B 2H),3.46(s, 3H),3.32-3.39(dd, 1H), | (M+H)+
, s, 1.88-1.93(dd, 1H), 1.69-1.77(t, 2H),
N N 1.38(s, 6H), 1.25s, 6H), 0.85-
o) v < .0.90(m, 1H), 0.51-.058(m, 4H). _
88 o 5 12.83(s, 1H), 7.92-7.95(d, 2H), 417.2
Ny OH 7.55-7.25(d, 2H), 4.13(s, 1H), 3.78- | (M+H)+
. 3.82(m, 2H), 1.97-2.01(m, 1H), 1.68-
S 1.80(q, 2H), 1.28(s, 6H), 1.20(s, 6H),
. TN 1.06(s, 3H), 0.86-.0.88(d, 6H).
' : o :
89. oH 5 12.90(s, 1H), 10.61(s, 1H), 7.94-
, _ 7.97(d, 2H), 7.55-7.58(d, 2H), 3.81-
s 3.83(d, 2H), 2.68(s, 2H), 1.92- 416.4
' N 2.01(m, 1H), 1.35(s, 6H), 1.14(s, MaH
T 6H), 0.87-.0.89(d, 6H). (M+H)+
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- 90
Q,
. OH 4923
. §§ _
. : (M+H)+
@ﬂﬁim |
91 416.3
: o (M+H)+
S10e oy
S NKI/ OH
92 5 12.39(s, 1H),10.31(s, 1H),9.49(s, | 347.1
1H), 8.27-8.30(d, 1H), 7.38-7.40(d,
2H), 1.65(s, 4H), 1.21(s, 12H). (M+H)+
@é: )—NH  OH
93 : 345.2
o AM+H)+
S "N\ OH
NZ &
)i .
94- - - v 343.2
) S .
| ii[/ | (M+H)+
N
7 N\
-
R OH
0.
95 - o 345.1
o (M+H)‘+
} JN N I OH
s A
) e}
96 361.2
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(M+H)+
97 513.03(s, 1H), 7.95-7.98(d, 2H), | 3422
. oH 7.60-7.62(d, 2H), 6.04(s, 1H), 5.65(s,
N o 1H), 1.70(s, 4H), 1.27(s, 6H), 1.22(s, | (M+H)+
8 BH).
98 A 356.1
A (M+H)+
OH
(0]
99 | . 12.92(s,1H),8.78(s, 1H),8.07- 386.1
v 18.101(d,1H),6.78-6.811(d,1H),4.86- | (M+H)+
2 4.98(t,1H),2.404(s,4H),2.02-2.08 | -
IS Oy e (t,2H),1.69(s,4H),1.27(s,6H),1.218(s,
N/<N>\N 6H).
100 - ‘ 12.712(s,1H),7.85-7.88(d,2H),7.521- | 407.2
0 7.57(t,2H),7.38-7.45(m 5H), | (M+H)+
= Q)LOH 1,65(s,4H),1.207(s,6H),1.156(5.6H).
N% v
101 , 408.1
o (M+H)+
f /?/\s /©)L0H
N)\N
|/ |
102 o _ 420.2
: ] (M+H)+
3,0 '
/é |
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103 - | | 4213
C o o (M+H)+
s /@/‘LOH
7 N
N7
|/
104 N SR - 435.1
- i (M+H)+
105 ' OH 5 12.37(s, 1H), 7.31-7.35(m, 4H), 399.2
S 3.70-3.72(d, 2H), 3.60(s, 2H), 1.60(s,
o 4H), 1.17(s, 6H), 1.10(s, 6H), 0.38- | (M+H)+
DY 0.41(d, 2H), 0.17-0.18(d, 2H).
S \——-Q
106 ' 51215, 1H), 7.31- (s, 4H), 3.68- | 413.3
¢ © | 8.71(d, 2H),2.82-2.87(t, 2H),1.59(s,
' 8% /Q/\*O | 4H),1.23-1.25(m, 4H), 1.23(s, 6H), | (M+H)+
s N - 1.10(s, 6H), 0.85(m, 1H), 0.37--
- 0.40(d, 2H), 0.16-0.17(d, 2H).
107 on | 812.36(s, 1H), 7.72-7.75(d, 2H), 4113
: " A, 7.56-7.62(d, 1H), 7.46-7.48(d, 2H),
' A 6.47-6.53d, 1H), 3.79-3.81(d, 3H)," | (M+H)+
P SN : 1.62(s, 4H), 1.14-1.17(m, 12H), 0.39-
' 0.42(d, 2H), 0.19-0.21(d, 2H).
108 ‘ 5 12.16(s, 1H),7.14-7.16(d, 2H), 4254
on 7.05-7.08(d, 2H), 3.52-3.54(d; 2H), '
' _/j‘\ i 1.64-1.69(m, 1H), 1.42(s, 4H), 1.21- | (M+H)+
sTON ' 1.30(m, 4H), 0.99(s, 6H), 0.93(s,
: 6H), 0.21-0.23(d, 2H), -0.01-0.00(d,
‘ . 2H).

Biological activity

The .ability of the compounds of the invention to act as ag‘onists of RXR and thus upregualte
gene expression in a number of organs such as liver, skeletal muscle and adipose tissue was
thus tested as follows: ' v o

Liver (HepG2 cells) Gene Expression Data:
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bHesz cells (Source ATCC-cat no: HB-8065) wére seeded in MEM media (6.9mM glucose)
containing 10% FBS (Fetal Bovine Serum) and cultured for 36 h. After 36 h of culture, cells
were treated with 1uM of candidate RXRa agonists in fresh MEM media (6.9mM glu’cbée and
10% FBS-Fetal Bovine Serum). After 24 h of treatment, supernatant was discarded and
added Tri-reagent (Sigma, St. Louis, MO, USA) to the cells. Total RNA was extracted from
HepG2 cells using Tri-reagent (Sigma, St. Louis, MO, USA), followed by chloroform extraction
-and isopropyl alcohol precipitation. cDNA was synthesized by reverse transcription (ABI,
Foster City, CA, USA). The level of gene expression was measured for AcoX1, ApoA1,
ApoCB, THRSP, Sult2A1, SREBP-1c, CYP3A4 using primer sequence known.in the prior art.
The cDNA'was amplified using SYBR Green PCR Master Mix (Eurogenetic, Belgium).

,Muscle (C2C12 cells) Gene Expression Data

C2C12 cells (Myoblast cells- Source ATCC- cat no: CRL- 1772) were seeded in DMEM media
(26mM glucose) containing 10% FBS and cultured (day 0) after 24 h give a media change
(day 1). After media chénge cells treated changed to differentiated media (25 mM glucose
and 2% FBS) (day 3 to day 7). Differentiated cells (Myofibers) were treated with 1M of
candidate RXRa agonists. After 24 h of treatment, supernatant was discarded and added Tri-
reagent (Sigma, St. Louis, MO, USA) to the cells. Total RNAl was extracted from C2C12cells
using Tri-reagent (Sigma, St. Louis, MO, USA), followed by chloroform extraction and
isopropyl alcohol precipitation. cDNA was synthesized by reverse transcription (ABI, Foster
City, CA, USA). The level of gene expression was measured for CPT1, UCP3, ABCAI1,
SREBP-1¢, PDK4 using primer sequence known in the prior art. The cDNA was amplified
using SYBR Green PCR Master Mix (Eurogen'etig, Belgium). '

Adlpose (373 L1 ceIIs) Gene Express:on Data:

‘3T3L1 cells (Pre-adipocytes, Source ATCC- cat no: CL-173) were seeded in DMEM media
(25 mM glucose) containing 10% BCS and cultured (day 0), after 24h given a media change:
(day 1). 48h after media change, cells were treated with RXRa agdnists along with
differentiation media (25mM glucose, 10% FBS, 500uM IBMX, 1uM Dexamethasone and
100nM Insulin) (day 3 to day 5). Till termination cells (Adipocytes) were maintained -in
maintenance media (25mM glUcose,_ 10% FBS, 100 nM Insulin). Supernatant was discarded,
added Tri-reagent (Sigma, St. Louis, M,O', USA) to 'the cells. Total RNA was extracted from
cells using Tri-reagent (Sigma, St. Louis, MO, USA), followed by chloroform extraction ahd
isopropyl alcohol precipitation. cDNA was synthesized by reverse transcription (ABI, Foster
City, CA, USA). The level of gene expréssion'was measured for FABP4, SCD1, PCK1,
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UCP1, AB_CA1, CPT1b, PPARg, SREBP-1c using primer sequence known in the prior art.
The cDNA was amplified using SYBR Green PCR Master Mix (Eurogenetic, Belgium).

Biological Activity

Transactivation assay for evaluating the activity. .
HEK-293 cells (ATCC) were seeded one day prior to transfection. For assessing EC50 of
activation of RXR isoforms 2ug of hRXR a, B, or y (OriGENE, USA) over-expressing vec‘tor, 1ug
‘of plasmid expressing firefly luciferase under RARE element (RARE-Luc) and 25ng of renilla
luciferase vector (QIAGEN, USA) were co-transfected using lipofectamine reagent. Post 24h of
transfection, cells were treated with differe_nt concentrations of RXR agonists (100nM, 300nM and
1uM). for 24h followed by estimation of luciferase activity using Dual Luciferase Reporter Assay
System (Promega). Luciferase activity was normalized to that of renilla luciferase. The activities of
the RXR compounds were expressed relative to LG268, a known RXR agonist.

The results were as follow: _
Table 2. Activity of compounds tested at Activity at 1 uM

Cmpd Activity at Cmpd' Activity at | Cmpd v Activity at
Sl 1TuM . 1uM 1uM
1 » dkhkk 19 : ] dkdehh 36 Aedededede
2 dekkkk . 20 v dede 37 : eddhk ‘
3 ——— 21 P : 38 s
4 - vk 22 dk Rk 39 Ytk
5 e 23 20
6 — 54 el z
7 P . 25 5 a2 =
8 Hededded - 26 * 43 *
9 P 57 - a3 : 3
70 P 28 * a5 N
11 P 29 e— a6 r
13 - 30 ey a7 =
13 Py 31 -~ a8 "
15 - 32 v a9 e
16 * 33 O 50 * s
‘17' FTTOT— 34 T3 75 .ﬁ.f
B P 3
< 0.7 >
>0.7and <0.8 | **
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>0.8and<0.9 |~
>09to<1 el
> 1 e
Table 3 Activity of compounds tested at Activity at Activity a“t'"val(‘)OnM s
Compound | Activity at | Compound | Activity at | Compound | Activity ~ at
300nM 300nM ' 300nM
20 e 68 - 92 *
- 46 > 69 * 93 o
51 P 70 P Y » Py
52 T 71 * 95 =
] 53 R ) - 72 - . * 96 . ok
54 o 73 oo 97 **
55 hw 79 : T 98 T
56 Pre 80 e R e
57 aw* 81 - ‘ oxwww 100 wwn
58 82 — 301
59 o 83 v 102
50 = 84 = 103 P
61 o 85 * 104 -
62 - vk ek 86 drkhk 105 *kekek
63 e 87 e - 106 o
64 R . 88 *k - 107 kkokk
65 X r —908
66 T 90 Tew
67 * . 91 ‘i*ttt
<0.3 *
>03and<04 | ** \
>0.4and <05 | ***
>0.5t0<0.6 el
> 0.6 R

Invitro data for Aizheimer's Disease .

Several Invitro assays were carried out on Compound 40 to study its impact on N2A cells and
Astrocytes. Several measurements were taken to support its use in treatment of Alzheimer’s
"disease. Alzheimer’s disease (AD) is a chronic, progressive, neurodegenerative disorder. A wide
array of anti-amyloid and neuroprotective therapeutic approaches are under investigation on the
basis of the hypothesis that amyloid beta (AB) protein plays a pivotal role in dis'ease ohset and

progression and that secqndary consequences  including - tau hyperphosphorylation and
k] . . . .
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neurofibrillary tangle formation, oxidation and inflammation coritribute' to the disease process.

_Interventions in these processes with agents that reduc'e amyloid production, Iin;it aggregation, or
increase removal will stop the cascade of events corﬁprising AD pathogeneéis. Reducing tau
hyperphoéphorylation, limiting oxidation and excitotoxicity, and controlling inflammation might be
beneficial disease modifying strategies. v '

Inorder to study the impact of Compound 40 on Alzhiemer’s Disease, cultured mouse neuronal
cells (N2A cells) were treated with 320uM cholesterol alone or with test molecule for 24 h.
Cholesterol was removed and treatment is continued for 24 h. Cholesterol content in the cells was
measured by biochemical methods, normalized to total protein. For gene expression studies, cells
were treated with 320uM cholesteral alone or with test molecule for 48h. RNA was made and later
converted to cDNA and the géné expression was measured. It was seen that Compound 40
reduced cholesterol accumulatidn (Fig 1 A), reduced oxidative stress (ROS levels) (Fig 1 B),
decreased apoptosis (Caspase activity) (Fig 1 C) and increased the cholesterol efflux (ABCA1
and ABCG_1 expression) (Fig 1 D). These cellular events lead to reduced plaque formation and .
improvement in the health of neuronal cells.

'Furtherr‘nore, cultured asti'ocytes were treated with phorbol-12-myristate-13-acetate (PMA) and
vLipopolysaccharides (LPS) alone or with test molecule for 48h to measure ROS levels. To
evaluate the effect on inflammation markers, astrocytes were treated with PMA and test molecule -
for 48h. Data from astrocytes revealed the potential of compound-40 to reduce both oxidative
stress (ROS'Ievels) (Fig 2 A) and inflammation (IL6secretion and expréssion. expression of IL1b,
COX2 and MCP1) (Fig 2 B, C, D, E and F). Since compound-40 has the potential to reduce
inflammation, .we expect it will’ have significant irﬁpact remyelination of neurons and hence it can
be positioned for multiple sclerosis. '

Impact of RXR Agonist on Pancreatic Cancer cell lines v _
Cancer is characterized by uncontrolled cell growth. Any agent which can reduce the cellular
growth will have'high therapeutic potentials.lHence, the impact of RXR agonist compound-40 on
MIA PaCa-2 cell growth was assessed. MIA PaCa-2 cells (ATCC) were seeded in a 6-well plate
(20,000 cells per well) in DMEM containing 25mM glucose, 10% FBS, 2.5% horse serum in
‘presence or absence of different concentrations of compound-40' as mentioned. Cells were

~harvested on day 2, day 4 and day 6, and cell numbers were measured. MIA PaCa-2 cells were
.grown with or without different concentrations of compound-40 (0.0, 0.1, 0.3, 1.0, 3.0 and 10.0uM)
and cell growth was measured by cell count at different time points {day 2, 4 and 6). Untreated
MIA PaCa-2 cells showed an exponential rate of cell growth which was reduced by compound-40
‘treatment. Even 0.1uM compound-40 showed a significant reduction in cell growth which was
further reduced by increasing compound-40 concentratlon (Fig. 3A).
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Impact of compound-40 on cell proliferetion was further evaluated by BrdU incorporation assay.
MIA PaCa-2 cells were grown for 4 days in presence or absence of compound-40 (3uM). After
treatment with ‘vehicle control or compound-40 (3uM), cells were exposed to BrdU. 'BrdU
incorporatibn was measured using a cdmmercially available kit (Roche).as per manufacturer’s
protocol. TheBrdU incorporation wes significantly reduced by compound-40 treatment indicating
its potency to reduce cell growth (Fig. "3B). Over-expression of RXRa also reduced the BrdU
incorporation suggesting a pivotal role of RXR pathway in redueing cancer cell growth. compound-
40 "treatment further reduced the BrdU incorporation in RXRa over-expressing MIA PaCa-2
pancreatic cancer cell line. Hence the data indicate thatbcor'npbund-‘zto mediated RXR signalling
‘pathway reduces cell growth in pancreatic cancer cells.

Toassess the impact of Compound 40 on ROS levele, the cells were exposed to ROS indicator
probe (DCFH-DA) for th. ROS induced increase in DCF fluorescence was estimated at 485 nm
excitation and 528 nm emission. ROS levels were normalized to cellular DNA levels which were
‘measured by using bis-benzamide fluorescence at 360 nm excitation and 460 nm emission. The
ROS levels are represented at % of control.Treatment of compound-40 for 4 days resulted in
significant augmentation of stress levels in MIA PaCa-2 cells as measured by increased reactive -
oxygen species (ROS) levels (Fig. 4A). Over-expression of RXRa further augmented the ROS

. levels. Hence, compound-40 ‘mediated ' RXR signalling pathway increased ROS levels in
bancreatic cancer cells. '

. In order to assess whether this increased stress resulted in apoptosis, caspase-SAactivny end cell
death were measured. Caspase-3 activity'was measured using its ability to cleave its substrate
- (Ac-DEVD-R110). Increased Caepase-a activity would lead to higher release of fluorescent R1 10
‘which was measured‘at 485 nm excitation and 530 nm emission. Activity of caspase-3 (as nano-
moles of R110 released) was normalized to total. cellular protein. Caspase-3 activity, a
measurement of the terminal stage of apoptosis, was significantly increased by compound-40
treatment and was further enhanced by RXRa over-expression (Fig. 4B). Similarlly, increased cellv

‘ death, as measured by increase in DNA fragmentation, was also observed in MIA PaCa-2 cell line
‘upon compound-40 treatment and RXRa over-expression further increased the cell death. Cell
death was measured by increased levels of DNA fragments ‘as per manufacturer's protocol
(Roche) and Was normalized to total cellular DNA. Data are represented as % of control.
However, over-expression of RXRa alone, without compound-40 did not result in increased cell
death (Fig. 4C). ' S '

Taken together, these data indicate that RXR agonist compound-40 increases apoptosis.in MIA
PaCa-2 pancreatic cancer cells.
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‘'Impact of RXR Agonist on Breast Cancer cell lines

" Culture of MCF7 breast cancer cell line in presence of compound-40 (3uM) resulted in reduced -
cell growth (Fig. 5A). This impact of compound-40 was maintained for long-term as revealed by
the data obtained for 15 passages. Furthermore, BrdU incorporation was also significantly
reduced in MCF7 cells tréated with compound-40 (Fig. 5B). vReduction in cell proliferation was
attendant with a sig‘nificant increase in cellular stress, aé measured by increased ROS levels (Fig.
5C). Finally, increased levels of apoptosis, as measured by increased DNA fragmentation was
also increased in MCF7 cells by oulturing them with compound-40 (Fig. 5D). In conclusion, the
data indicates that compound-40 has a potency to reduce breast cancer cell growth and induce
apoptosis in them

Impact of RXR Agonist on Leukemia Cell lines

Progression of promyelocytic leukemia can be abrogated by their differentiation. Hence, an agent

causing differentiation can be of theraoeutic values. In order to estimate the differentiating ability -
of compound-40, HL-60 promyelocytic leukemia cell line was used as an in vitro model of the

‘disease. HL-60 cells were cultured for 72h as either control or under treatment as mentioned.

After 72h of culture, cells were exposed to nitro blue tetrazolium (NBT) solution containing phorbol
myristate acetate’ (PMA) for 1h at 370C. Differentiated cells have increased oxidative burst

potential which reduces NBT. Levels of reduced NBT were measured at 540nm absorption. HL-60

cells differentiation was significantly increased by compound-40 treatment (Fig. 6). Similarly, all

transretinoic acid (ATRA), a known differentiating agent being used for therapy, also induced

differehtiation in HL-60 cells. Interestingly, compound-40 treatment showed an additive effect with.

ATRA on differentiation. In conclusion, compound-40 can cause dlfferentlatlon |n promyelocytlc

leukemia cell line and has an additive effect with ATRA

Invivo Experimental Data
I. Evaluation of effect of RXR agonist on DIO Mice

Six week old male C57BL/6J mice were selected, acchmatlzed for a perlod of 1 week, Animals

were assigned to either chow (10% kcal from fat) or high fat diet (HFD) (D12492; 60% kcal from

fat), Research Diéts, Inc., New Jersey, USA. Animals »\F/vere housed in polypropylene cages and

maintained-at 23+10C at 6010% humidity and 12 hour cycles of light and dark with free access to
 feed and water (ad libitum). After 11 weeks of the diet intervention, the HFD fed animals were

assigned to specific treatment groups based upon body weight, glucose AUC during OGTT,

fasting and fed blood glucose and fasting TG. The lean control mice (n=10) were fed with normal

chow diet while the treatment group (n=10) and HFD Control (n=10) with high fat diet throughout

the experimental period. Treatment group received Compound 40 at a dose of 5-20 mg/kg b.wt,
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once daily, po as suspension in 1% MC (methyl cellulose) as vehicle. Lean control and HFD
controls animals were administered with vehicle.

Weekly body weight & daily feed consumption was recorded. The blood collected from tail vein(
was subjected for estimation of glucose and TG using Co-agucheck TG strip. OGTT was
performed in 6h fasted mice with 2 g/kg, of oral glucose challenge after 9 weeks of treatment. It
was observed that Compound 40 significantly reduces hyperinsulinemia and im.proves glucose
disposal (Fig 7). It was also seen that Compound 40 improves HOMA-IR indicating improvement
in whole body insulin sensitivity (Fig 8).

Measurement of Thermogenesis: Body temperatures were assessed at the end of treatment
-period using a rectal probe. For the cold eprsure experiment, mice were housed individually and
transferred to a cold environment with an ambient temperature of 4°C. Tembérature was
. measured every 15 min for 75 min and then brought to room temperature, then rectal temperature
was measured for further 20 min with 10 min interval.After 10 weeks of treatment, blood was
collected, from" retro-orbital bleeding, for biochemical measurements. Then animals were
euthanized and necropsied, the liver was excised immediately, weighed and taken to estimate
liver triglyéeride (TG). Different adipose depots were separated and weighed. It was observed that
Compound 40 significantly reduced body weight gain with decrease in various adipose depot
weights (Fig 12). Furthermore, it also significantly enhances non-shivering thermogenesis and
. UCP1 expression levels in inguinal white adipose tissues indicating browning of WAT(Fig 13).

Animals were sacrificed after terminal measurement of fasting glycerol, free fatty acid, cholesterol,
LDL levels. It was observed that treatment with Compound 40 significantly reduces fasting TG
without increaéing ectopic fat accumulation (Fig 9). Furthermore, it was also observed that
Compound 40 significantly reduces fed cholesterol levels (Fig 10). Also, significant decrease in
the circulating free fatty acid and glycerol levels were observed post treatment (Fig 11).

Exercise endurance test or tread mill test(TMT): Exefcise endurance test was accomplished on a
motor treadmill at a low to moderate intensity of 5-20 cm/sec as maximal running speed with an
intensity of 0.2 mA shock and one degree of ‘inclinétionv. The animals were subjected for TMT till
exhaustion and different observations like distance travelled (cm), time spent on shock zone (seé),
number of shocks, total time (min) were measured for all the mice in different groups.

Synergistic effect of Compound 40 with exercise on metabolic profile in DIO mice

Six week old male C57BL/6J mice were selected, acclimatized for a period of 1 week, Animals
were assigned to either chow (10% kcal from fat) or high fat diet (HFD) (D12492; 60% kcal from
fat), Research Diets, Inc., New Jersey, USA. After 11 weeks of the diet intervention, the HFD fed
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animals were assigned to specific treatment groups based upon body weight, glucose AUC during
OGTT, tasting and fed bloed glucose and fasting TG. The lean cq'mrol mice (n=10) were fed with.
normal chow diet while the treatment group (n=10) and HFD Control (n=10), with and without
_ exercise training, with high fat diet throughout the experimental period. Tfeatment group received
Compound 40 with and without exercise tréining, at a dose of 10 mg/kg b.wt, once daily, po as
suspension in 1% MC (methyl cellulose) as vehiclé . Lean control and HFD controls animals were
administered with vehicle. Exercise training was accomplished-on a motor treadmill at a low to
moderate intensity of 5-20 cm/sec as maximal running speed with an ‘intensity of 0.2 mA shock
and one degree of inclination. The animals were adapted to this prochuré 5 days a week and
different observations like distance travelled (cm), time spent on shock zone (sec), number of
shocks, total time (min} will be measured for all the mice in different groups. Weekly body weight
& daily feed consumption was recorded. The blood collected from tail veinbwas subjected for
estimation of glucose and TG. OGTT was performed in 6h fasted mice with 2 g/kg, of oral glucose
challenge after 4 and .8 weeks of treatment. Then animals were euthanized and necropsied, the
liver was excised immediately, weighed and taken to estimate liver triglyceride (TG). Differerit
. adipose depots were separated and weighed.

On treatment with Compound 40.it was seen that it significantly improves muscle endurance (Fig-
14). Also, in the treatment group a significant improvement in the fasting glucose and OGTT levels ‘
were observed. (Fig 29). Furthermore improVement was also observed in Body weight and fasting
"TG levels (Fig 30) of the treatment group.

Il. Evaluation of effect of RXR agonist on ob/ob Mice
The male ob/ob and lean mice were procured from Harlon laboratories, acclimatized for a week,
were fed a standard laboratory diet. The lean control and the ob/ob mice were 16 weeks old at the
start of the study and were randomized to either vehicle or drug (Compound 40, 3, 10 and 30
mg/kg, BID, po) treatment groups by body weight, fed glucose and glucose AUC during an oral
. glucose tolerance test. The treatment was continued for 4 weeks. Fed glucose and fast
triglycerides (tail snip) were monitored weekly. At the end of week 4 of the treatment, Animals
were sacrificed before terminal meaéurement‘of fasting glycerol, free fatty acid, cholesterol, LDL
levels. It was observed that the treated animals displayed both an early onset and sustained
control of pfandial hyperglycemia (Fig 15). Furthermore, it. was also seen that treatment with
Compound 40 significantly decreased total cholesterol accounted for primarily by decreasing
LDL-c (Fig 16). ‘

lil. Evaluation of effect of RXR agonist on db/db Mice .
The male db/db and lean mice were procured from Jackson Laboratory, US laboratories,
acclimatized for a week, were fed a standard laboratory diet. The lean control and the db/db mice
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were 8 weeks old at the start of the study and were randomized to -either vehicle or drug
{Compound 40, 2.5, 5, 10 and 15.mg/kg, BID, po) treatment groups by body weight, fed glucose
and glucose AUC during-an oral glucose tolerance test. The treatment was continued for 8 weeks.
Body weight, fasting and fed glucose and fast triglycerides (tail snip) were monitored weekly. At
the end of week 8 of the treatment, glucose and insulin HbA1c levels were followed at different
time intervals. Blood samples collected from tail nipping method were subjected at the end of
-week 7 of treatment period measured for HbA1c levels by DCA vantage (SIEMENS). '

Assessment of 24 h glucose profile: Fed state blood samples were collected by tail nipping
method and measured for glucose levels at every 2h time intervals upto 8 h and then followed by
4 hintervals at the end of week 7 of treatment.

It was observed that treatment with Compound 40 significantly reduced post-prandial blood
glucose levels (Fig 17). The treatment also significantly reduced glucose excursion during the
prandial phase (Fig 18). It was also observed that the treatment with Compound 40 resulted in a
steep and dose dependent reduction in HbA1c levels (Fig 19).

IV. Evaluation of effect of RXR Agonist on male ZDF rats .

-Five week old male ZDF rats from Charles River & age matched control rats were housed under
temperature 22+ 30C, relative humidity 50-70%, 12 hour light and 12 hour dark cycle with artificial
fluorescent tubes. The animals were housed in a group of 3 in standard polypropylene cages with.
stainless steel top grill having facilities for pelleted food and drinking water in bottle. The animals
were fed with normal chow diet (Provomi), Bisleri, commercially available mineral drinking water

“was provided ad libitum. The lean control and the male XDF rats were randomized to either
vehicle or drdg (Compound 40, 10 mg/kg, BID, po) treatment groups by body weight, fed glucose
and glucose. The treatment was continued for 8 wéeks. Body weight, fasting and fed glucose and
fast triglycerides (tail snip)'were monitored weekly. At the end of week 8 of the 1reatment,'glucose
and insulin HbA1c levels were followed at different time intervals. Blood samples collected from
tail nipping method HbA1c levels by DCA vantage (SIEMENS). It was observed that treatment
with CompoUnd 40 significantly increased-the activity of SDH indicating improvement in glucose
oxidation in muscle. Furthermore, treatment displayed both an early onset and sustained control
-of prandial hyperglycemia and also showed significant control of Fasting glucose (Fig 20).
Furthermore, it was seen that thé treatement significantly reduced hyperinsulinemia and improves

"glucose disposal (Fig 21). The treatment also showed very significant improvement in the HbA1c

levels (Fig 22). On measurement of fasting TG during treatment and there after, it was observed

that Compound 40 does not cause hypertriglyceridemia. Moreover it significantly reduces
fasting TG levels (Fig 23). Also, it was observed that Compound 40 also aides in decreasing CRP
levels indicating potential cardio vascuiar_benefit (Fig 24). Substantial improvement in the Cardiac
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function (Fig 25) and improvement in levels of biomarkers of Cardio vascular risk was also noted
(Fig 26). )

Measurement of Nerve conduction velocity: Nerve conduction velocity was measured using
. Electronic stimulator connected to AD Power Lab 8/30, AD instruments. Brieﬂy animals were
anaesthetized and three different electrodes (+ve, -ve and neutral) were connected from Bio amp
‘to anifn‘al. +ve electrode was placed on front side of fourth finger-on hind paw, -ve electrode was
: pléced just above +ve electrode at a distance of 10mm and neutral electrode was placed on
abdomen region. Voltége at a rate of Smv with-pulse width of 0.001 sec was provided on two
different regions at a distance of 1cm oh sciatic nerve. Nerve conduction was recorded using Lab
chart softwaré in scope view panel. Latencies at two different points were measured by taking thev v
mouse cursor at fhe beginning of peaks. Nerve conduction velocity was measured using the
following formulae ' ‘ ' ’
"NCV (m/s) = Latency at point B (ms) - Latency at point A (ms)
Distance between A and B (mm).
Significant improvement in the NCV was noted in the treatment group (Fig 27).

Measurement of Hémodynamic parameters by using Millar MPVS system:

At the end of 22weeks of treatment period animal were s'ubjected to hemodynamic meésurement
using Millar MPVS syéte'm, briefly animal was anesthetized using urethane and all surgical
-procedure was done on thermal plate, both jugular vein and‘car'otid artery was cannulated in
which jugular vein was used for saline calibration whereas rat millar Cather was introduced into
left ventricle through carotid artery was be used for recording the Pressure volume loop. Blood
was withdrawn from the tail vein puncture by pricking With needle into pre-filled EDTA tubes, mix
and placed on ice immediately, centrifuge at 10000 rpm for 10'minutes using cold centrifuge. The
‘plésma separated was subjected for estimation of ANP ,BNP,Osteprotegerin Using USCN kit and
Serum urea and BUN ‘using Robonik kit. Substantial decrease in BUN and Serum Creatinine
levels were observed in diséased animals treated with Compound 40 (Fig 28).

V. Evaluation of effect of RXR Agonist on Isoprenaline induced cérdiac hypertrophy in
rats

-Male Wistar rats of fourteen weeks age were housed under controlled temperature 22+ 30C,
relative humidity 50 -70%, 12 hour light and- 12 hour dark cycle with artificial fluorescent tubes.
Animals were acclimatized for seven days. On eight day animals were randomized based on their
body weights and allotted into nine animals/groub. Different groups into which animals allotted
were G1: Vehicle control, G2: Isoprenaline control (5 mg/kg, s.c. twice a week) and G3:
Isoprenaline (5 mg/kg, s.c. twice a week) + Compound 40 (10 mg/kg, p.o., g.d.). Treatment with
Compound 40 (10mpk) for G3 group was started one week pr‘io‘r to isoprenaline administ}ation
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and both the treatments were continued for eleven weeks. The animals were monitored for daily
feed consumption and weekly bbdy weight throughout the study. At the end of treatment period
(Week 11) five animals from each group were subjected to Cardiovascular hemodynamic
assessment by Millar catheter using MPVS Ultra control interface connected to AD power lab, AD
instruments. Different parameters measured were heart rate, stroke. work, stroke volume, cardiac
output, left ven‘tricular systolic pressure, left ventricular diastolic pressure, left ventricular diastolic
volume. Immediately after hemodynamic estimation terminal blood from all the animals were
collected followed by the collection of hearts. All the separated serum sampies were used for.
estimation of several cardiac markers like ANP,. BNP, CRP, LDH, CKN, CKMB and SGOT.
Collected hearts were examined for histopathological changes and gene expression studies. All
the numerical output waé expressed as Mean + SEM, one way ANOVA followed by Dunnets’ test
using Graph pad prism software.A substantial reduction in the absolute heart weight was
observed in the treatment group (Fig 31). A significant reduction in the thickness of the ventricular
wall and septum was observed making Compound 40 a potential line of treatment of ventricular
hypertrophy and cardiac failuré (Fig 32). The treatment group showed signigicant improvement in
Stroke work (SW) and Stroke . volume. (SV) (Fig 33), improved cardiac output, heart rate and
ejection fraction (Fig 34), improvement in ventricular refilling (Fig 35) and (Fig 36) thus showing
that Compound 40 can play a significant role in improvement of Cardiac function.

Vi. Evaluation of effect of RXR Agonist on High cholesterol diet induced
hypetlipidaemia in Hamsters
Eight to ten week old male Syrian Hamsters were housed.in polypropylene cages provided with
sterile paddy husk as bedding material. The animals were maintained at temperature 22 + 3‘C, .
relative humidity 50 — 70%, 15 — 18 air cycle changes with 12h dark and Iight cycle. The animals
were provided with rodent feed (ad libitum) supplied by harlan laboratories to normal control
animals and treatment groups were fed with High Cholesterol diet, prepared in-house by m‘ixi’ng
"11.5% coconut oil, 11.5% corn oil, 0.5% cholesterol, and 0.25% deoxycholate in chow diet. Bisleri
water (ad libitum) was provided. The animals were randomized based on body weight and divided
into control and treatment groups. Compound 40 was administered, at a dose of 10mg/kg b.wt, for
a period of 8-12 weeks to the treatment group. Daily feed consumption, weekly body weight, total
cholesterol and triglyceride levels were estimated. The treated animals show significant reduction
in total cholestérol, Non-HDL cholesterol and LDL-c (Fig 37). - *
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CLAIMS

1. A compound of formula (I):

Formula (T)
wherein:

R' is selected from the group consisting of H, C;-Cgalkyl and a carboxylic acid

protecting group;
R? and R’ are independently selected from the group consisting of H and C;-Cgalkyl;

each R* is independently selected from the group consisting of H, halogen, OH, NO,, CN, SH,
NH,, CFs, OCFs;, optionally substituted C;-Cj,alkyl, optionally substituted C;-C,;haloalkyl
optionally substituted C,-Cjralkenyl, optionally substituted C,-Cjralkynyl, optionally
substituted C,-Czheteroalkyl, optionally substituted Cs-Cjycycloalkyl, optionally substituted
C;-Cjacycloalkenyl, optionally substituted C,-Cjsheterocycloalkyl, optionally substituted C,-
Cheterocycloalkenyl, optionally substituted Cg-Cigaryl, optionally substituted C;-
Cisheteroaryl, optionally substituted C;-Cj;alkyloxy, optionally substituted C,-Cj,alkenyloxy,
optionally substituted C,-Cjralkynyloxy, optionally substituted C,-Cjpheteroalkyloxy,
optionally substituted Cs-Cjycycloalkyloxy, optionally substituted C;-Cjcycloalkenyloxy,
optionally substituted C,-Cyrheterocycloalkyloxy, optionally substituted Cs-
Czheterocycloalkenyloxy, optionally substituted Cq-Cjgaryloxy, optionally substituted Ci-
Cgheteroaryloxy, optionally substituted C;-Cj,alkylamino, SR, SOsH, SO,NR’R’, SO,R’,
SONR’R’, SOR’, COR’, COOH, COOR’, CONR’R’, NR’COR’, NR’COOR’, NR’SO,R’,
NRSCONRSRS, NR°R? , and acyl, or two R* on the same carbon atom when taken together
form a =0 substituent or a group of formula =NOH, or two R* on adjacent carbon atoms when

taken together form a double bond;
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wherein each R’ is independently selected from the group consisting of H, optionally
substituted C;-Cjralkyl, optionally substituted C,-Cjoheteroalkyl optionally substituted C;-
Czhaloalkyl, optionally substituted C;-Cjycycloalkyl, optionally substituted Cq-Cjsaryl, and
optionally substituted C;-C;gheteroaryl;

a is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

wherein X is selected from the group consisting of a bond, —O-, -S-, —NRIO—,

NR'°C(=0)-, -C(=R")- and ~(CR"’R"),-;

wherein R" is selected from the group consisting of H, optionally substituted C;-
Ciralkyl, optionally substituted C,-Cj, alkenyl, optionally substituted C,-C;, alkynyl,
optionally substituted C;-Cjshaloalkyl, optionally substituted C,-Cjsheteroalkyl, optionally
substituted C3-Cj,cycloalkyl, optionally substituted Cs;-Cj,cycloalkenyl, optionally substituted
C,-Cjheterocycloalkyl, optionally substituted C,-Czheterocycloalkenyl,optionally substituted
Cs-Cigaryl,optionally substituted C;-C;gheteroaryl,optionally substituted Cs-CjscycloalkylCi-
Csalkyl, optionally substituted C,-CjsheterocycloalkylC;-Cj,alkyl, optionally substituted Cg-
Cisaryl C;-Cjralkyl, optionally substituted C;-C;gheteroarylC;-Cj,alkyl, SOsH, SO,NR°R’,
SO,R’, SONR’R’, SOR’, COR’, COOH, COOR’, CONR’R’ and acyl;

wherein R!! is selected from the group consisting of O, NRM, NOR' and CR14R15,
wherein each R'* and R" is independently selected from the group consisting of H, optionally
substituted C;-Cjralkyl, optionally substituted C,-Cj,alkenyl, optionally substituted C,-Ci,
alkynyl, optionally substituted C;-Cj;haloalkyl, optionally substituted C,-Cj;heteroalkyl,
optionally substituted Cs-Cjycycloalkyl, optionally substituted Cs;-Cj,cycloalkenyl, optionally
substituted C,-Cjrheterocycloalkyl, optionally substituted C,-Czheterocycloalkenyl,optionally
substituted Cgs-Cigaryl,optionally substituted C;-Cjgheteroaryl,optionally substituted Cs-
CacycloalkylCy-Cralkyl, optionally substituted C,-CzheterocycloalkylC;-Ciralkyl,
optionally substituted Cg¢-Cjgaryl C;-Ciralkyl, optionally substituted C;-C;gheteroarylC;-
Csalkyl, and acyl;

each R'?> and R" is independently selected from the group consisting of H, optionally
substituted C;-Cjralkyl, optionally substituted C,-Cj, alkenyl, optionally substituted C,-C;,
alkynyl, optionally substituted C;-Ci,haloalkyl, optionally substituted C,-Cj,heteroalkyl,
optionally substituted Cs-Cjycycloalkyl, optionally substituted Cs;-Cj,cycloalkenyl, optionally
substituted C,-Cj,heterocycloalkyl, optionally substituted C,-C;heterocycloalkenyl,optionally
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substituted Cs-Cjgaryl,optionally substituted C;-Cjgheteroaryl,optionally substituted Cs-
CiacycloalkylCy-Cralkyl, optionally substituted C,-CzheterocycloalkylC;-Ciralkyl,
optionally substituted Cs-Cigaryl C;-Ciralkyl, optionally substituted C;-C;gheteroarylC;-
Ciralkyl, and acyl, or R'? and R" on the same carbon atom when taken together form a cyclic

moiety,
b is an integer selected from the group consisting of 0, 1, 2,3 and 4;

V2, V? and V* are each independently selected from the group consisting of N and

CR®;

each R%is independently selected from the group consisting of H, halogen, OH, NO,, CN, SH,
NH,, CFs, OCFs, optionally substituted C;-Cj,alkyl, optionally substituted C;-C;haloalkyl
optionally substituted C,-Cjralkenyl, optionally substituted C,-Cpralkynyl, optionally
substituted C,-Czheteroalkyl, optionally substituted Cs-Cjscycloalkyl, optionally substituted
C;-Cjacycloalkenyl, optionally substituted C,-Cjsheterocycloalkyl, optionally substituted C,-
Cizheterocycloalkenyl, optionally substituted Cg-Cigaryl, optionally substituted Ci-
Csheteroaryl, optionally substituted C;-Cj;alkyloxy, optionally substituted C,-Cj,alkenyloxy,
optionally substituted C,-Cjralkynyloxy, optionally substituted C,-Cjgheteroalkyloxy,
optionally substituted Cs;-Cjcycloalkyloxy, optionally substituted C;-Cjcycloalkenyloxy,
optionally substituted C,-Cjpheterocycloalkyloxy, optionally substituted Cs-
Czheterocycloalkenyloxy, optionally substituted Cq-Cjgaryloxy, optionally substituted Ci-
Cgheteroaryloxy, optionally substituted C;-Cj,alkylamino, SR, SOsH, SO,NR’R’, SO,R’,
SONR’R’, SOR’, COR’, COOH, COOR’, CONR’R’, NR’COR’, NR’COOR’, NR’SO,R’,
NR’CONR’R’, NR°R”, and acyl;

V! and V° are selected from the group consisting of N, CR” and CR® such that one of
V' and V° is CR® and the other is N or CR’;

R’ is independently selected from the group consisting of H, halogen, OH, NO,, CN,
SH, NH,, CF;, OCF;, optionally substituted C;-Cjalkyl, optionally substituted C;-
Cizhaloalkyl optionally substituted C,-Cjralkenyl, optionally substituted C,-Cjralkynyl,
optionally substituted C,-Cjsheteroalkyl, optionally substituted Cs;-Cjycycloalkyl, optionally
substituted Cs-Cjcycloalkenyl, optionally substituted C,-Cjheterocycloalkyl, optionally
substituted C,-Czheterocycloalkenyl, optionally substituted Cg¢-Cjsaryl, optionally substituted
C;-Cjgheteroaryl, optionally substituted C;-Cjralkyloxy, optionally substituted C,-
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Ciralkenyloxy, optionally substituted C,-Cjalkynyloxy, optionally substituted C,-
Cioheteroalkyloxy, optionally substituted Csz-Cjacycloalkyloxy, optionally substituted Cs-
Cacycloalkenyloxy, optionally substituted C,-Cjsheterocycloalkyloxy, optionally substituted
C,-Cjsheterocycloalkenyloxy, optionally substituted Ce-Cjgaryloxy, optionally substituted C;-
Cigheteroaryloxy, optionally substituted C;-Cj,alkylamino, SR, SOsH, SO.NR’R’, SO.R’,
SONR’R’, SOR’, COR’, COOH, COOR’, CONR’R’, NR’COR’, NR’COOR’, NR’SO,R’,
NRSCONRSRS, NRSRS, and acyl, or R’ when taken together with the carbon atom to which it is

attached forms a cyclic moiety with a substituent on X;
R%is a bond to X,
Y is a bond;
W is selected from the group consisting of N and CR’;
R’ is selected from H and C;-Cealkyl;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein R' is H.

3. A compound according to any one of claims 1 to 2 wherein a is 0.

4. A compound according to any one of claims 1 to 3 wherein R? and R’ are C;-Cealkyl.
5. A compound according to any one of claims 1 to 4 wherein R? and R’ are methyl.

6. A compound according to any one of claims 1 to 7 wherein W is N.

7. A compound according to any one of claims 1 to 7 wherein W is CR’.

8. A compound according to claim 7 where R’ is methyl.

9. A compound according to claim 1 wherein X is —-NR'"-

10 A compound according to claim 9 wherein R' is selected from the group consisting of

H, C;-Cjralkyl, and C;-CycycloalkylCy-Cyralkyl.
11 A compound according to any one of claims 1 to 10 wherein V*is CR®.
12. A compound according to any one of claims 1 to 11 wherein V?is CRC.

13. A compound according to any one of claims 1 to 12 wherein V®is CR®
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15.

16.

17.

18.
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A compound according to any one of claims 1 to 13 wherein V*is CR®.
A compound according to any one of claims 1 to 13 wherein V*is N.
A compound according to any one of claims 1 to 15 wherein V'is CR®.
A compound according to any one of claims 1 to 15 wherein V'is N.

A compound according to any one of the proceeding claims wherein each R® is

independently selected from the group consisting of H, halogen, OH, NO,, CN, SH, NH,, CF;,
OCF;, C;-Cjralkyl and C;-Cjralkyloxy.

19.

A compound according to any one of the proceeding claims wherein each R® is

independently selected from the group consisting of H, CH; CH,CHi;, CH,CH,CHj;,
CH(CH3)2, (CH2)3CH3 Cl, BI’, F, I, OH, NOz, NHz, CN, OCH3, OCH2CH2CH3, CF3, and

OCFs.

20

A compound according to claim 1 wherein each optional substituent is independently

selected from the group consisting of H, CH3, CH,CH3, CH,CH,CH3, CH(CH3),, (CH,)3CHj3,
Cl, Br, F, I, OH, NO,, NH,, CN, OCH;, OCH,CH,CH3;, CF;, and OCFs.

21.

A compound according to claim 1 selected from the group consisting of
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or pharmaceutically acceptable salt, thereof.
22. A pharmaceutical composition including a compound according to any one of claims 1

to 21 and a pharmaceutically acceptable diluent, excipient or carrier.

23. Use of a compound according to any one of claims 1 to 21 in the preparation of a
medicament.
24. A use according to claim 23 wherein the medicament is for the treatment of a condition

can be prevented or treated by activation of RXR

25. A use according to claim 23 wherein the condition is selected from the group
consisting of Cancers such as premalignant and malignant hyperproliferative diseases such as
cancers of the breast, pancreas, skin, prostate, cervix, uterus, colon, bladder, esophagus,
stomach, lung, larynx, Liver, oral cavity, pancreas, blood and lymphatic system, metaplasias,
dysplasias, neoplasias, leukoplakias and papillomas of the mucous membranes and in the
treatment of Kaposis sarcoma, Cutaneous T Cell Lymphoma, promyelocyticleukemia, Non-
Small-Cell Lung Cancer, Kidney Cancer (Advanced Renal Cell Cancer), Gastrointestinal
Cancer, Mesothelioma, Bronchial Metaplasia; Skin disorders such as Dermatitis (Severe
Chronic Hand Eczema in Adults) Psoriasis (Severe Plaque Psoriasis), Alopecia (Hair Loss),
actinic keratoses, arsenic keratoses, inflammatory and non-inflammatory acne, psoriasis,
ichthyoses and other keratinization and hyperproliferative disorders of the skin, eczema, atopic
dermatitis, Darriers disease, lichen planus, prevention and reversal of glucocorticoid damage
(steroid atrophy), as a topical anti-microbial, as skin pigmentation agents and to treat and
reverse the effects of age and photo damage to the skin; Metabolic Diseases such as diabetes,
Type II Diabetes, Obesity, Hyperglycemia, Hypercholesterimia, Hypertriglyceridimia;

hyperinsulinaemia, Cardio vascular Diseases including diseases associated with lipid
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metabolism such as dyslipidemias, lipodystrophy, prevention of restenosis and as an agent to
increase the level of circulating tissue plasminogen activator (TPA), NASH, Steatosis,
Steatohepatitis, Cirrhosis; liver disease, renal diseases including chronic kidney disease,
Fibrosis including Pulmonary fibrosis, renal fibrosis and liver fibrosis, Eye disorders such as
proliferative vitreoretinopathy (PVR), retinal detachment, dry eye and other corneopathies;
autoimmune diseases and Inflammatory Diseases, inflammation, oxidative stress, pulmonary
fibrosis, ileitis, colitis and Krohn's disease; neurodegenerative diseases such as Alzheimer's
disease, Parkinson's disease and Amyotrophic Lateral Sclerosis (ALS), Multiple sclerosis,
improper pituitary function, including insufficient production of growth hormone, modulation
of apoptosis, including both the induction of apoptosis and inhibition of T-Cell activated
apoptosis, restoration of hair growth, restoration of cardiac function, restoration of muscle

function and multiple sclerosis.

26. A use according to claim 25 wherein the condition is diabetes.

27. A use according to claim 26 wherein the condition is type II diabetes.

28. A use according to claim 25 wherein the condition is cancer.

29 A use according to claim 25, wherein the condition is a disease of the liver.

30. A Use according to claim 29 wherein the condition is nonalcoholic steatohepatitis
(NASH).

31. A use according to claim 25 wherein the condition is obesity.

32. A use according to claim 25 wherein the condition is cardiovascular disease.

33. Use of a compound according to any one of claims 1 to 21 in the preparation of a

medicament for increasing muscle endurance in a mammal.

34. Use of a compound according to any one of claims 1 to 21 in the preparation of a

medicament for improving cardiac function in a mammal.

35. Use of a compound according to any one of claims 1 to 21 in the preparation of a

medicament for achieving an exercise mimetic effect in a mammal.
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