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Therapeutic compounds and compositions 

CLAM OF PRIORITY 

This application claims priority from U.S.S.N. 61/221,430, filed June 29, 2009 

and U.S.S.N. 61/292,360, filed January 5, 2010, each of which is incorporated herein 

by reference in its entirety. 

BACKGROUND OF INVENTION 

Cancer cells rely primarily on glycolysis to generate cellular energy and 

biochemical intermediates for biosynthesis of lipids and nucleotides, while the 

majority of "normal" cells in aduit tissues utilize aerobic respiration. This 

fundamental difference in celiulai* metabolism between cancer cells and noraial cells, 

termed the Warburg Effect, has been exploited for diagnostic puiposes, but has not yet 

been exploited for therapeutic benefit. 

Pyruvate kinase (PK) is a metabolic enzyme that converts 

phosphoenolpyruvate to pyruvate during glycolysis. Four PK isoforms exist in 

mammals: the L and R isoforms are expressed in liver and red blood cells, the Ml 

isoform is expressed in most adult tissues, and the M2 isoform is a splice variant of 

Ml expressed during embryonic development. All tumor cells exclusively express 

the embryonic M2 isoform. A well-known difference between the Ml and M2 

isoforms of PK is that M2 is a low-activity enzyme that relies on allosteric activation 

by the upstream glycolytic intermediate, fructose-l,6-bisphosphate (FBP), whereas 

Ml is a constitutively active enzyme. 

All tumor cells exclusively express the embryonic M2 isoform of pyruvate 

kinase, suggesting PKM2 as a potential target for cancer therapy. PKM2 is also 

expressed in adipose tissue and activated T-cells. Thus, the modulation (e.g. 

inhibition or activation) of PKM2 may be effective in the treatment of, e.g., obesity, 

diabetes, autoimmune conditions, and proliferation-dependent diseases, e.g., benign 

prostatic hyperplasia (BPH). Current inhibitors of pyruvate kinase are not selective, 

making it difficult to treat disease related to pyruvate kinase function. 

Furthermore, phosphotyrosine peptide binding to PKM2 leads to a dissociation 



of FBP from PKM2 and conformational changes of PKM2 from an active, tetrameric 

form to an inactive form. Compounds that bind to PKM2 and lock the enzyme in the 

active confirmation will lead to the loss of allosteric control of PKM2 needed for 

shunting biochemical intermediates from glycolysis into biosynthesis of nucleotides 

and lipids. Thus, the activation of PKM2 (i.e., activators of PKM2) can also inhibit 

the growth and proliferation of cancer cells, activated immune cells, and fat cells. 

There is a continuing need for novel treatments of diseases such as cancer, 

diabetes, obesity, autoimmune conditions, proliferation-dependent diseases (e.g., 

BPH), and other diseases related to the function of pyruvate kinase (e.g., PKM2). 

Described herein are compounds that modulate pyruvate kinase M2 (PKM2) 

and pharmaceutically acceptable salts, solvates, and hydrates thereof, for example, 

compounds that activate PKM2. Also provided are pharmaceutical compositions 

comprising a compound provided herewith and the use of such compositions in 

methods of treating diseases and conditions that are related to pyruvate kinase 

function (e.g., PKM2 function), including, e.g., cancer, diabetes, obesity, autoimmune 

disorders, and benign prostatic hyperplasia (BPH). 

In one embodiment, provided is a pharmaceutical composition comprising a 

compound or a pharmaceutically acceptable salt of formula (I): 

C(O)-, -NRbC(S)-, or -NRbC(0)- (wherein the point of the attachment to R1 is on the 

left-hand side); 

SUMMARY 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

A is optionally substituted aryl or optionally substituted heteroaryl; 
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R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each 

of which is substituted with 0-5 occurrences of Rd; 

each R3 is independently selected from halo, haloalkyl, alkyl, hydroxyl and 

-ORa, or two adjacent R3 taken together with the carbon atoms to which they are 

attached form an optionally substituted heterocyclyl;each Ra is independently selected 

from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo 

alkoxy or two R° taken together with the carbon atoms to which they are attached 

form an optionally substituted cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, 

alkynyl, nitro, cyano, hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb and ~ 

ORa, or two Rd taken together with the carbon atoms to which they are attached form 

an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2. 

In one aspect, provided is a compound of formula II or a pharmaceutically acceptable salt 

thereof, wherein: 

(II) 

W, X, Y and Z are each independently selected from CH or N; 

D and D5 are independently selected from a bond or NRb; 

L is a bond, -C(O)-, -(CRcRc)m-, -OC(O)-, -(CRcRc)m-0C(0)-, -(CRcRc)m-C(0)-, -NRbC(S)-, 

or -NRbC(0)- (wherein the point of the attachment to R1 is on the left-hand side); 
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R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3 is independently selected from halo, haloalkyl, alkyl, hydroxyl and -ORa or two 

adjacent R3 taken together with the carbon atoms to which they are attached form an optionally 

substituted heterocyclyl; 

each Ra is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each R° is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or two 

R° taken together with the carbon atoms to which they are attached form an optionally substituted 

cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydroxyl, -C(0)Ra, -OC(G)Ra, -C(0)0Ra, -SR2, -NRaRb and -ORa, or two Rd taken together 

with the carbon atoms to which they are attached form an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 1; and 

g is 1. 

In another aspect, provided is a pharmaceutical composition comprising a compound 

formula II or a pharmaceutically acceptable salt thereof, wherein: 

(II) 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

L is a bond, -C(O)-, -(CRcRc)m-, -OC(O)-, -(CRcRc)m-0C(0)-, -(CRcRc)m-C(0)-, -NRbC(S)-, 

or -NRbC(0)- (wherein the point of the attachment to R1 is on the left-hand side); 

R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 
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each R3 is independently selected from halo, haloalkyl, alkyl, hydroxyl and -ORa, or two 

adjacent R3 taken together with the carbon atoms to which they are attached form an optionally 

substituted heterocyclyl; 

each Ra is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or two 

R° taken together with the carbon atoms to which they are attached form an optionally substituted 

cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb and -ORa, or two Rd taken together 

with the carbon atoms to which they are attached form an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 1; and 

gis 1. 

In yet other aspects, provided are pharmaceutical compositions comprising a 

compound disclosed herein, or a pharmaceutically acceptable salt thereof. 

In another embodiment, provided is a method for treating or preventing a 

disease, condition or disorder as described (e.g., treating) herein comprising 

administering a compound provided herein, a pharmaceutically acceptable salt 

thereof, or pharmaceutical composition thereof. 

In another embodiments, provided is a method of modulating (e.g., increasing 

or decreasing) the level of PKM2 activity and/or glycolysis (e.g., modulating the 

endogenous ability of a cell in the patient to down regulate PKM2) in a patient in need 

thereof. The method comprises the step of administering an effective amount of a 

compound described herein to the patient in need thereof, thereby modulating (e.g., 

increasing or decreasing) the level of PKM2 activity and/or glycolysis in the patient. 

In some embodiments, a a compound or a composition described herein is used to 

maintain PKM2 in its active conformation or activate pyruvate kinase activity in 
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proliferating cells as a means to divert glucose metabolites into catabolic rather than 

anabolic processes in the patient. 

In another embodiment, provided is a method of inhibiting cell proliferation in 

a patient in need thereof. The method comprises the step of administering an effective 

amount of a compound described herein to the patient in need thereof, thereby 

inhibiting cell proliferation in the patient. E.g., this method can inhibiting growth of 

a transformed cell, e.g., a cancer cell, or generally inhibiting growth in a PKM2-

dependent cell that undergoes aerobic glycolysis. 

In another embodiment, provided is a method of treating a patient suffering from or 

susceptible to a disease or disorder associated with the function of PKM2 in a patient 

in need thereof. The method comprises the step of administering an effective amount 

of a compound described herein to the patient in need thereof, thereby treating, 

preventing or ameliorating the disease or disorder in the patient. In certain 

embodiment the modulator is provided in a pharmaceutical composition. In certain 

embodiment, the method includes identifying or selecting a patient who would benefit 

from modulation (e.g., activation) of PKM2. E.g., the patient can be identified on the 

basis of the level of PKM2 activity in a cell of the patient for treatment of cancer 

associated with PKM2 function. In another embodiment, the selected patient is a 

patient suffering from or susceptible to a disorder or disease identified herein, e.g., a 

disorder characterized by unwanted cell growth or proliferation, e.g., cancer, obesity, 

diabetes, atherosclerosis, restenosis, and autoimmune diseases. 

In another embodiment, the compound described herein is administered at a 

dosage and frequency sufficient to increase lactate production or oxidative 

phosphorylation. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 represents a table of exemplary compounds and the corresponding 

activity of the compound. 
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DETAILED DESCRIPTION 

The details of construction and the arrangement of components set forth in the 

following description or illustrated in the drawings are not meant to be limiting. 

Embodiments can be practiced or carried out in various ways. Also, the phraseology 

and terminology used herein is for the purpose of description and should not be 

regarded as limiting. The use of "including," "comprising," or "having," 

"containing", "involving", and variations thereof herein, is meant to encompass the 

items listed thereafter and equivalents thereof as well as additional items. 

Compounds 

Described herein are compounds and compositions that modulate PKM2, for 

example, activate PKM2. Compounds that modulate PKM2, e.g., activate PKM2, can 

be used to treat disorders such as neoplastic disorders (e.g., cancer) or fat related 

disorders (e.g., obesity). 

In one embodiment, provided is a compound of formula (I) or a 

pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising 

a compound of formula (I) or a pharmaceutically acceptable salt thereof: 

L is a bond, -C(Ok ~(CRcRc)ra-, -OC(O)-, -(CRcRc)m-QC(0)-, -(CRcRc)m-

C(0)~, ~NRbC(S)~, or -NRbC(Q)- (wherein the point of the attachment to R1 is on the 

left-hand side); 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

A is optionally substituted aryl or optionally substituted heteroaryl; 

R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each 

of which is substituted with 0-5 occurrences of Rd; 
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each R is independently selected from halo, haloalkyl, alkyl, hydroxyl and 

-ORa, or two adjacent R3 taken together with the carbon atoms to which they are 

attached form an optionally substituted heterocyclyl; 

each Ra is independently selected from alkyl, acyl, hydroxyalkyl and 

haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo 

alkoxy or two Rc taken together with the carbon atoms to which they are attached 

form an optionally substituted cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, 

alkynyl, nitro, cyano, hydroxyl, -C(O)Ra, -0C(0)Ra, ~C(0)0Ra, ~SRa, -NRaRb and -

ORa, or two Rd taken together with the carbon atoms to which they are attached form 

an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2.In certain embodiments, provided is a compound of formula (I) 

or a pharmaceutically acceptable salt thereof: 

Bi (Fl3)n 

"U /A \x. /P 'hp ^ w\ ,s 
D"A 

' 0 (I) 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

A is optionally substituted bicyclic heteroaryl; 

L is a bond, -C(O)-, -(CRcRc)m-, -OC(O)-, -(CRcRc)m-QC(OK ~(CRcRc)m-

C(0)-, -NRbC(S)~, or -NRbC(0)-; 

R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each 

of which is substituted with 0-5 occurrences of Rd; 
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each R3 is independently selected from halo, haloalkyl, alkyl, hydroxyl and 

-ORa or two adjacent R3 taken together with the carbon atoms to which they are 

attached form an optionally substituted cyclyl; each Ra is independently selected from 

alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo 

alkoxy or two Rc taken together with the carbon atoms to which they are attached 

form an optionally substituted cycloalkyl; 

each Rd is independently se]ected from halo, haloalkyl, haloalkoxy, alkyl, 

alkynyl, nitro, cyano, hydroxyl, ~C(0)Ra, ~0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb and -

ORa, or two Rd taken together with the carbon atoms to which they are attached form 

an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2.In some embodiments, h is 1. In some embodiments, h is 2. 

In some embodiments, g is 1, In some embodiments, g is 2. 

In some embodiments, both h and g are 1. In some embodiments, h is 1 and g 

is 2. In some embodiments, g is 1 and h is 2. 

In some embodiments, W, X, Y and Z are CH. In some embodiments, at least 

one of W, X, Y and Z is N. In some embodiments, at least two of W, X, Y and Z are 

N. In some embodiments, at least three of W, X, Y and Z are N. 

In some embodiments, W, X, Y, Z and the carbons to which they are attached 

form a pyridyl ring. In some embodiments, W, X, Y, Z and the carbon atoms to 

which they are attached form a pyrimidyl ring. In some embodiments, W, X, Y, Z 

and the carbon atoms to which they are attached form a pyridazinyl ring. 

In some embodiments, W, X and Y are CH and Z is N. 

In some embodiments, X, Y and Z are CIi and W is N. 

In some embodiments, D is NRb and D1 is a bond. In some embodiments, D is 

a bond and D1 is NRb. In some embodiments, both D and D1 are NRb. In some 
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embodiments, Rb is alley] (e.g., methyl or ethyl). In some embodiments, Rb is 

hydrogen (Ii). 

In some embodiments, A is a 9-10 membered bicyclic heteroaryl (e.g., 

quinazolinyl, quinoxalinyl, cinnolinyl, isoquinolyl, indolyl, benzoxazolyl, 

pyrrolopyridyl, pyrrolopyrimidyl, benzimidazolyl, benzthiazolyl, or benzoxazolyl). In 

some embodiments, A is a N-containing 9-10 membered bicyclic heteroaryl. In some 

embodiments, A is optionally substituted quinazolinyl (e.g., 8-quinazolinyl or 4-

quinazolinyl), optionally substituted quinoxalinyl (e.g., 5-quinoxalinyl), optionally 

substituted quinolinyl (e.g., 4-quinolinyl or 8-quinolinyl), optionally substituted 

cinnolinyl (e.g., 8-cinnolinyl), optionally substituted isoquinolinyl, optionally 

substituted indolyl (7-indolyl), optionally substituted benzoxazolyl (e.g., 7-

benzoxazolyl), optionally substituted pyrrolopyridyl (e.g., 4-pyrrolopyridyl), 

optionally substituted pyrrolopyrimidyl (e.g., 4-pyrrolopyrimidyl), optionally 

substituted benzimidazolyl (e.g., 7-benzimidazolyl), optionally substituted 

benzthiazolyl (e.g., 4-benzthiazolyl, 2-methyl-4-benzthiazolyl or 7-benzthiazolyl), or 

optionally substituted benzoxazolyl (e.g., 4-benzoxazolyl). In some embodiments, A 

is optionally substituted with halo. In some embodiments, A is ^^ . In some 
N=\ 

kj 
embodiments, A is ^—V . In some embodiments, A is optionally substituted 

N N N N yji 
~bC V~ci 

v—v . In some embodiments, A is ^—J 

In some embodiments, L is a bond. 

In some embodiments, L is -(CRcRc)m- and m is 1. In some aspects of these 

embodiments, each Rc is hydrogen. In some aspects of these embodiments, one Rc is 

alkyl (e.g., methyl or ethyl) and the other Rc is hydrogen. In some aspects of these 

embodiments, one Rc is halo (e.g., fluoro) and one Rc is hydrogen. In some aspects of 
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these embodiments, both Rc are halo (e.g., fluoro). In some aspects of these 

embodiments, one Rc is alkoxy (e.g., methoxy or ethoxy) and one Rc is hydrogen. In 

some aspects of these embodiments, both Rc are alkoxy (e.g., methoxy or ethoxy). In 

some aspects of these embodiments, two Rc taken together with the carbon to which 

they are attached form a cycloalkyl (e.g., cyclopropyl). 

In some embodiments, L is -(CRcRc)m- and m is 2. In some aspects of these 

embodiments, each Rc is hydrogen. In some aspects of these embodiments, 1 Rc is 

alkyl (e.g., methyl or ethyl) and each of the other Rc are hydrogen. In some aspects of 

these embodiments, two Rcs taken together with the carbon to which they are attached 

form a cycloalkyl (e.g., cyclopropyl) and each of the other two Rcs are hydrogen. 

In some embodiments, L is -(CR°Rc)m- and m is 3. In some aspects of these 

embodiments each Rc is hydrogen. 

In some embodiments, L is -C(O)-. 

In some embodiments, L is -O-C(O)-. 

In some embodiments, L is NRbC(0)- and Rb is H. In some embodiments, L is 

NRbC(S)- and RbisH. 

In some embodiments, L is -(CRcRc)m-C(0)- and m is 1. In some aspects of 

these embodiments, each Rc is hydrogen. In some aspects of these embodiments, one 

Rc is alkyl (e.g., methyl or ethyl) and one Rc is hydrogen. In some aspects of these 

embodiments, both Rc are alkyl (e.g., methyl or ethyl). 

In some embodiments, L is -(CRcRc)m-C(0)- and m is 2. In some aspects of 

these embodiments, each Rc is hydrogen. 

In some embodiments, L is -(CRcRc)m-C(0)- and m is 3. In some aspects of 

these embodiments, each Rc is hydrogen. 

In some embodiments, R1 is alkyl substituted with 0-5 occurrences of Rd (e.g., 

methyl, ethyl, n-propyl, i-propyl, or ra-butyl). In some embodiments, R1 is methyl, 

ethyl, n-propyl, i-propyl, or rc-butyl. In some embodiments, R1 is ethyl or propyl (n-

propyl or i-propyl). In some aspects of these embodiments, L is a bond, -CH2-, -

C(O)-, or -O(CO)-. In some aspects of these embodiments, L is -O(CO)-. 

In some embodiments, R1 is alkyl substituted with 1 occurrence of Rd (e.g., 

methyl, ethyl, n-propyl, i-propyl, or n-butyl). In some embodiments, RJ is methyl, 

9 



WO 2011/002817 PCT/US2010/040486 

ethyl, or n-propyl substituted with 1 occurrence of Rd. In some aspects of these 

embodiments, Rd is halo (e.g., fluorine or chlorine). In some aspects of these 

embodiments, Rd is -C(0)0Ra. In some aspects of these embodiments, Ra is alkyl 

(e.g., methyl or ethyl). In some aspects of these embodiments, L is -NHC(O)-. 

In some embodiments, R1 is alkyl substituted with 2 occurrences of Rd (e.g., 

methyl, ethyl, n-propyl, i-propyl, or w-butyl). In some embodiments, R1 is methyl, 

ethyl, or n-propyl substituted with 2 occurrences of Rd. In some embodiments, R1 is 

n-propyl substituted with 2 occurrences of Rd. In some aspects of these embodiments, 

1 Rd is cyano and the other Rd is -NRaRb. In some aspects of these embodiments, Ra 

and Rb are hydrogen. In some aspects of these embodiments, L is -CH2-. 

In some embodiments, R1 is heteroaryl substituted with 0-5 occurrencs of Rd 

(e.g., S-containing monocyclic heteroaryl, N-containing monocyclic heteroaryl or N-

containing bicyclic heteroaryl). In some embodiments, R! is a 5-8 membered 

monocyclic heteroaryl substituted with 0-5 occurrencs of Rd (e.g., thiophenyl, pyridyl, 

pyrimidyl or pyrazyl). In some embodiments, R1 is pyridyl substituted with 0-5 

occurrencs of Rd (e.g., 2-pyridyl, 3-pyridyl or 4-pyridyl), pyrimidyl substituted with 

0-5 occurrencs of Rd (e.g., 2-pyrimidyl or 5-pyrimidyl) or pyrazinyl substituted with 

0-5 occurrencs of Rd (e.g., 2-pyrazinyl). In some embodiments, R1 is thiazolyl 

substituted with 0-5 occurrences of Rd (e.g., 2-thiazolyl or 5- thiazolyl). In some 

embodiments, R1 is pyrimidyl substituted with 0-5 occurrencs of Rd (e.g., 2-

pyrimidyl). In some embodiments, R1 is thiadiazoly] substituted with 0-5 occurrences 

of Rd (e.g., 4-thiadiazolyl). In some embodiments, R* is pyrrolyl substituted with 0-5 

occurrences of Rd (e.g., 2-pyrrolyl). In some aspects of these embodiments, L is a 

bond, -CH2-, -C(O)-, or -0(C0)-.In some embodiments, R1 is pyridyl (e.g., 2-pyridyl, 

3-pyridyl or 4-pyridyl). 

In some embodiments, R1 is pyridyl (e.g., 2-pyridyl, 3-pyridyl or 4-pyridyl) 

substituted with 1 occurrence of Rd. In some aspects of these embodiments, Rd is -

0C(0)Ra. In some aspects of theseembodiments, Rd is -ORd. In some aspects of 

these embodiments, Rd is -C(0)0Ra. In some aspects of these embodiments, Rd is 

alkyl (e.g., methyl or ethyl). In some aspects of these embodiments, Rd is haloalkyl 

(e.g., trifluoromethyl). In some aspects of these embodiments, Rd is halo (e.g., 
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fluorine or chlorine). In some aspects of these embodiments, Ra is alkyl (e.g., methyl 

or ethyl). In some aspects of these embodiments, L is -CH2-. In some embodiments, 

R1 is pyridyl (e.g., 2-pyridyl, 3-pyridyl or 4-pyridyl) substituted with 2 occurrences of 

Rd. In some aspects of these embodiments, one Rd is -C(0)0Ra and the other Rd is -

ORa. In some aspects of theseembodiments, Ra is alkyl (e.g., methyl or ethyl). In 

some aspects of these embodiments, both Rd are halo (e.g., fluoro or chloro). In some 

aspects of these embodiments, L is -CH2-. 

In some embodiments, R1 is pyrimidyl (e.g., 2-pyrimidyl or 5-pyrimidyl). In 

some aspects of these embodiments, L is a bond. 

In some embodiments, R1 is pyrimidyl (e.g., 2-pyrimidyl or 5-pyrimidyl) 

substituted with 1 occurrence of Rd. In some aspects of these embodiments, Rd is 

halo (e.g., fluoro or chloro). 

In some embodiments, R1 is pyrazinyl (e.g., 2-pyrazinyl). In some aspects of 

these embodiments, Lisa bond. 

In some embodiments, R1 is thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl, or 5-

thiazolyl). In some aspects of these embodiments, L is -C(0)-. 

In some embodiments, R1 is thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl, or 5-

thiazolyl) substituted with 1 occurrences of Rd. In some aspects of 

theseembodiments, Rd is alkyl (e.g, methyl or ethyl). In some aspects of these 

embodiments, Lis -C(O)-. 

In some embodiments, R1 is thiophenyl substituted with 0-5 occurrencs of Rd 

(e.g., 2-thiophenyl). In some embodiments, R1 is thiophenyl. 

In some embodiments, R1 is thiadiazolyl (e.g., 4-thiadiazolyl). 

In some embodiments, R1 is pyrrolyl (e.g., 2-pyrrolyl). 

In some embodiments, R1 is cycloalkyl substituted with 0-5 occurrences of Rd 

(e.g., cyclopropyl, cyclopentyl or cyclohexyl). In some embodiments, Rl is 

cyclopropyl. In some embodiments, R1 is cyclohexyl. In some embodiments, R1 is 

cyclopentyl. In some aspect of these embodiments, L is -CH2-C(0)-.In some 

embodiment, Rl is aryl substituted with 0-5 occurrences of Rd. In some aspects of 

these embodiments, L is a bond, -CH2-, -C(O)-, 01* -O(CO)-. 
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In some embodiments R1 is aryl (e.g., phenyl). In some embodiments, R1 is 

phenyl. In some aspects of these embodiments, L is a bond, -CH2-, -C(O)-, or -

O(CO)-. 

In some embodiments, R1 is phenyl substituted with 1 occurrence of Rd. In 

some aspects of these embodiments, Rd is ortho substituted. In some aspects of these 

embodiments, Rd is meta substituted. In some aspects of these embodiments, Rd is 

para substituted. In some aspects of these embodiments, Rd is halo (e.g., fluorine, 

bromine or chlorine). In some aspects of these embodiments, Rd is alkyl (e.g., methyl, 

ethyl, isopropyl, r-butyl, /t-butyl or n-pentyl). In some aspects of these embodiments, 

Rd is haloalkyl (e.g., trifluoromethyl). In some aspects of these embodiments, Rd is -

ORa. In some aspects of these embodiments, Rd is -C(0)Ra. In some aspects of these 

embodiments, Rd is -SRa. In some aspects of these embodiments, Rd is -C(G)ORa. 

In some aspects of these embodiments, Rd is cyano. In some aspects of these 

embodiments, Rd is -NRaRb. In some aspects of these embodiments, Rd is haloalkoxy 

(e.g., difluoromethoxy or trifluoromethoxy). In some aspects of these embodiments, 

Rd is hydroxyl. In some aspects of these embodiments, Rd is -0C(0)Ra. In some 

aspects of these embodiments, Rd is alkynyl (e.g., 1-hexynyl). In some aspects of 

these embodiments, Rd is haloalkyl (e.g., trifluoromethyl). In some aspects of these 

embodiments, Ra is alkyl (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-

butyl or n-pentyl). In some aspects of these embodiments, Ra is hydroxyalkyl (e.g., 2-

hydroxylethyl). In some aspects of these embodiments, Ra and Rb are alkyl (e.g., 

methyl or ethyl). In some aspects of these embodiments, Ra is acyl (e.g., acetyl) and 

Rb is hydrogen. In some aspects of these embodiments, L is a bond, -CH2-, -C(O)-, 

or -O(CO)-. 

In some embodiments, R1 is phenyl substituted with 2 occurrences of Rd. In 

some aspects of these embodiments, both Rd are halo (e.g., fluorine or chlorine). In 

some aspects of these embodiments, both Rd are alkyl (e.g., methyl or ethyl). In some . 

aspects of these embodiments, 1 Rd is alkyl (e.g., methyl or ethyl) and the other is -

QRa. In some aspects of these embodiments, 1 Rd is halo (e.g., fluorine or chlorine) 

and the other Rd is -ORa. In some aspects of these embodiments, both Rd are -ORa. 

In some aspects of these embodiments, 1 Rd is halo (e.g., fluorine or chlorine) and the 
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other Rd is hydroxyl. In some aspects of these embodiments, 1 Rd is halo (e.g., 

fluorine or chlorine) and the other is haloalkyl (e.g., trifluoromethyl). In some aspects 

of these embodiments, 1 Rd is -ORa and the other Rd is -C(0)0Ra. In some aspects 

of these embodiments, 1 Rd is -ORa and the other Rd is hydroxyl. In some aspects of 

these embodiments, 1 Rd is alkyl (e.g., methyl or ethyl) and the other Rd is hydroxyl. 

In some aspects of these embodiments, both Rd are hydroxyl. In some aspects of 

these embodiments, 1 Rd is halo (e.g., fluorine) and the other Rd is haloalkyl (e.g., 

trifluoromethyl). In some aspects of these embodiments, both Rd are hydroxyl. In 

some aspects of these embodiments, one Rd is haloalkyl (e.g., trifluoromethyl) and the 

other Rd is alkyl (e.g., methyl). In some aspects of these embodiments, two Rd, 

together with the carbon atoms to which they are attached, form an optionally 

substituted heterocyclyl. In some aspects of these embodiments, two Rd, together 

with the carbon atoms to which they are attached, form an optionally substituted 5-7 

membered heterocyclyl. In some aspects of these embodiments, two Rd, together with 

the phenyl ring to which they are attached, form the following structure: 

°"CXX. 
In some aspects of these embodiments, Ra is alkyl (e.g., methyl or ethyl). In some 

aspects of these embodiments, L is a bond, -CH2-, -C(O)-, or -O(CO)-. 

In some embodiments, R1 is phenyl substituted with 3 occurrences of Rd. In 

some aspects of these embodiments, 3 Rd are halo (e.g., fluorine or chlorine). In some 

aspects of these embodiments, 2 Rd are halo (e.g., fluorine or chlorine) and 1 Rd is 

hydroxyl. hi some aspects of these embodiments, 1 Rd is halo (e.g., fluorine 01* 

chlorine), 1 Rd is alkyl (e.g., methyl) and 1 Rd is hydroxyl. In some aspects of these 

embodiments, 3 Rd are alkyl (e.g., methyl or ethyl). In some aspects of these 

embodiments, 2 Rd are alkyl (e.g., methyl or ethyl) and 1 Rd is hydroxyl. In some 

aspects of these embodiments, 2 Rd are halo (e.g., fluorine or chlorine) and 1 Rd is -

ORa. In some aspects of these embodiments, Ra is alkyl (e.g., methyl or ethyl). In 

some aspects of these embodiments, 1 Rd is hydroxyl and 2 Rd are -ORa. In some 

aspects of these embodiments. Ra is alkyl (e.g., methyl or ethyl). In some aspects of 
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these embodiments, 3 Rd are -ORa. In some aspects of these embodiments, 3 Rd are 

halo (e.g., fluorine or chlorine). In some aspects of these embodiments, Ra is alkyl 

(e.g., methyl or ethyl). In some aspects of these embodiments, L is a bond, -CH2-, -

C(O)-, or -O(CO)-. 

In some embodiments, R1 is phenyl substituted with 4 occurrences of Rd. In 

some aspects of these embodiments, 1 Rd is hydroxyl, 1 Rd is alkyl (e.g., methyl or 

ethyl) and 2 Rd are ~ORa. In some aspects of these embodiments, Ra is alkyl (e.g., 

methyl or ethyl). In some aspects of these embodiments, L is a bond, -CH2-, -C(O)-, 

or -O(CO)-. 

In some embodiments, R1 is heterocyclyl substituted with 0-5 occurrences of 

Rd. 

In some embodiments, R1 is tetrahydrofuranyl substituted with 0-5 

occurrences of Rd (e.g., 2-tetrahydrofuranyl or 3-tetrahydrofuranyl). In some aspects 

of these embodiments, R1 is tetrahydrofuranyl (e.g., 2-tetrahydrofuranyl or 3-

tetrahydrofuranyl). In some aspects of these embodiments, L is -C(O)-. 

In some embodiments, R1 is azetidinyl substituted with 0-5 occurrences of Rd 

(e.g., 3-azetidinyl). In some embodiments, R! is azetidinyl (e.g., 3-azetidinyl). In 

some embodiments, Rl is azetidinyl (e.g., 3-azetidinyl) substituted with 1 occurrence 

of Rd. In some aspects of these embodiments, Rd is alkyl (e.g., methyl or ethyl). In 

some aspects of these embodiments, L is -C(O)-. 

In some embodiments, R1 is 10-14 membered bicyclic aryl substituted with 0-

5 occurrences of Rd. In some embodiments, Rd is naphthyl substituted with 0-5 

occurrences of Rd. In some embodiments, Rd is naphthyl. 

In some embodiments, L is a bond, -(CRcRc)m-, - NRbC(0)-,-(CRcRc)m-C(0)-, 

-C(Gh or-O(CO)-. 

In some embodiments, L is a bond and R1 is alkyl, aryl or heteroaryl 

substituted with 0-5 occurrences of Rd. In some aspects of these embodiments, alkyl, 

aryl or heteroaryl of R1 is as described in any one of the embodiments and aspects 

above. 

In some embodiments, L is -(CRcRc)m- and R1 is cycloalkyl, aryl, heteroaryl 

or heterocyclyl substituted with 0-5 occurrences of Rd. In some aspects of these 
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embodiments, cycloalkyl, aryl, heteroaryl or heterocyclyl of R1 is as described in any 

one of the embodiments and aspects above. 

In some embodiments, L is -NRbC(G)- and Rb is hydrogen; and R® is aryl 

substituted with 0-5 occurrences of Rd. In some aspects of these embodiments, aryl of 

R1 is as described in any one of the embodiments and aspects above. 

In some embodiments, L is -(CRcRc)m-C(0)- and R5 is cycloalkyl, aryl or heteroaryl 

substituted with 0-5 occurrencs of Rd. In some aspects of these embodiments, 

cycloalkyl, aryl, or heteroaryl of R1 is as described in any one of the embodiments and 

aspects above. 

In some embodiments, L is -C(O)- and R1 is aryl, alkyl, or heteroaryl 

substituted with 0-5 occurrencs of Rd. In some aspects of these embodiments, aryl, 

alkyl, or heteroaryl of R1 is as described in any one of the embodiments and aspects 

above. 

In some embodiments, L is -OC(O)- and R3 is alkyl, aryl or heterocyclyl 

substituted with 0-5 occurrences of Rd. In some aspects of these embodiments, alkyl, 

aryl, or heterocyclyl of R1 is as described in any one of the embodiments and aspects 

above. 

In some embodiments, L is -(CRcRc)m-OC(0)- and R1 is heterocyclyl or 

cycloalkyl substituted with 0-5 occurrences of Rd. In some aspects of these 

embodiments, heterocyclyl or cycloalkyl of R1 is as described in any one of the 

embodiments and aspects above. 

In some embodiments, n is 0. In some embodiments, n is 1. 

In some embodiments, R3 is alley! (e.g., methyl or ethyl). In some 

embodiments, R3 is -ORa. In some aspects of these embodiments, Ra is alkyl (e.g., 

methyl or ethyl). In some embodiments, R3 is halo (e.g., fluorine or chlorine). In 

some embodiments, R3 is hydroxyl. In some embodiments, R3 is haloalkyl (e.g., 

trifluoromethyl). 

In some embodiments, n is 2. 

In some embodiments, two adjacent R taken together with the carbon atoms 

to which they are attached form a heterocyclyl ring. In some embodiments, both R3 
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are ~ORa. In some embodiments, two adjacent R3 taken together with the carbon 

/ \ 

In certain embodiments, a compound is of formula (II) or a pharmaceutical 

acceptable salt thereof: 

wherein L, R!, R3, Ra, Rb, Rc, Rd, Y, Z, m, h and g are as defined above in formula (I) 

or any one of the embodiments or aspects described herein. 

In certain embodiments, A is aryl (e.g., phenyl or naphthyl) optionally 

substituted with 1 or 2 occurrences of R2, wherein each R2 is independently selected 

from halo, haloalkyl, aryl, heteroaryl, alkyl, -ORa, -COORc, or -CONRcRc; and D, D1, 

L, R1, R3, R\ Rb, Rc, Rd, X, Y, Z, W, n, m, h and g are as defined above in formula (I) 

or any one of the embodiments or aspects described herein. In some aspect of these 

embodiments, D and D1 are N. In some aspect of these embodiments, at least one of 

W, X, Y and Z is N. In some aspect of these embodiments, one of W, Y and Z is N; h 

is 1 and g is 1. 

In certain embodiments, A is heteroaryl (e.g., N-containing monocyclic 

heteroaryl or N-containing bicyclic heteroaryl); and D, D1, L, R1, R3, Ra, Rb, Rc, Rd, 

X, Y, Z, W, n, m, h and g are as defined above in formula (I) or any one of the 

embodiments or aspects described herein. In some embodiments, A is a 5-8 

membered monocyclic heteroaryl (e.g., pyridyl, pyrimidyl, or pyrazyl); and D, D1, L, 

R1, R3, R\ Rb, Rc, Rd, X, Y, Z, W, n, m, h and g are as defined above in formula (I) or 

any one of the embodiments or aspects described herein. In some embodiments, A is 

a 5-8 membered N-containing monocyclic heteroaryl; and D, D1, L, R1, R3, Ra, Rb, Rc, 

Rd, X, Y, Z, W, n, m, h and g are as defined above in formula (I) or any one of the 

embodiments or aspects described herein. In some embodiments, A is optionally 

^ (ID 
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substituted pyridyl (e.g., 2-pyridyl, 3-pyridyl or 4-pyridyl), optionally substituted 

pyrimidyl (e.g., 2-pyrimidyl or 5-pyrimidyl), or optionally substituted pyrazyl (e.g., 2-

pyrazyl); and L, R1, R3, Ra, Rb, Rc, Rd, Y, Z, m, h and g are as defined above in 

formula (I) or any one of the embodiments or aspects described herein. 
2 1 In some embodiments, A is substituted with 1 occurrence of R ; and D, D , L, 

R!, R3, Ra, Rb, RC, Rd, X, Y, Z, W, n, m, h and g are as defined above in formula (I) or 

any one of the embodiments or aspects described herein. In some aspects of these 

embodiments, R2 is alkyl (e.g., methyl or ethyl). In some aspects of these 
2 2 embodiments, R is halo. In some aspects of these embodiments, R is fluorine (F). 

In some aspects of these embodiments, R2 is bromine (Br). In some aspects of these 

embodiments, R2 is chlorine (CI). In some aspects of these embodiments, R2 is -ORa. 

In some aspects of these embodiments, Ra is alkyl (e.g., methyl). 
2 ] In some embodiments, A is substituted with 2 occurrences of R ; and D, D , L, 

R1, R3, R\ R\ RC, Rd, X, Y, Z, W, n, m, h and g are as defined above in formula (I) or 

any one of the embodiments or aspects described herein. In some aspects of these 

embodiments, both R2 are halo (e.g., fluorine or fluorine and chlorine). In some 

aspects of these embodiments, both R2 are alkyl (e.g, methyl). In some aspects of 

these embodiments, both R2 are -ORa. In some aspects of these embodiments, one R2 

is halo and the other is -ORa. In some aspects of these embodiments, one R2 is 

bromine (BR) and the other is -ORa. In some aspects of these embodiments, one R2 is 

chlorine (CI) and the other is ~ORa. In some aspects of these embodiments, one R2 is 

fluorine (F) and the other is -ORa. In some aspects of these embodiments, Ra is alkyl 

(e.g., methyl or ethyl). In some aspects of these embodiments, both R2 are -ORa. In 

some aspects of these embodiments, two -ORa taken together with the carbon atoms 

to which they are attached form a heterocyclyl. In some embodiments, A is 

JOC°D 
; and D, D1, L, R1, R3, Ra, Rb, Rc, Rd, X, Y, Z, W, n, m, h and g are as 

defined above in formula (I) or any one of the embodiments or aspects described 

herein. 
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In another embodiment, provided is a compound of formula (I) or a 

pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising 

a compound of formula (I) or a pharmaceutically acceptable salt thereof: 

-ORd or two adjacent R3 taken together with the carbon atoms to which they are 

attached form an optionallyl substituted cyclyl; 

each Ra is independently selected from alkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo 

alkoxy or two Rc taken together with the carbon atoms to which they are attached 

form an optionally substituted cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, alkyl, nitro, cyano and 

-ORa, or two Rd taken together with the carbon atoms to which they are attached form 

an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2. In some aspects of this embodiment, A, D, D1, L, R1, R3, R\ Rb, 

Rc, Rd, X, Y, Z, W, n, m, h and g are as defined in any one of the embodiments or 

aspects described herein. 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

A is optionally substituted aryl or optionally substituted heteroaryl; 

L is a bond, -C(O)-, -(CRcRc)m-, -OC(O)-, or -C(0)NRb-; 

R1 is independently selected from alkyl, cycloalkyl, aryl, heteroaryl, and 

heterocyclyl; each of which are substituted with 0-3 occurrences of Rd; 

each R is independently selected from halo, haloalkyl, alkyl, hydroxyl and 
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In another embodiment, provided is a compound of formula (I) or a 

pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising 

a compound of formula (I) or a pharmaceutically acceptable salt thereof: 

optionally substituted heteroaryl; 

each R3 is independently selected from halo, haloalkyl, alkyl, and -ORa; 

each Ra is independently selected from alkyl, haloalkyl and optionally 

substituted heteroaryl; 

each Rb is independently alkyl; 

each Rc is independently selected from hydrogen or alkyl; 

n is 0, 1, or 2; 

h is 0, 1, 2; and 

g is 0, 1 or 2. In some aspects of this embodiment, A, D, D1, L, R1, R3, Ra, Rb, 

Rc, Rd, X, Y, Z, W, n, m, h and g are as defined in any one of the embodiments or 

aspects described herein. 

In another embodiment, provided is a compound or pharmaceutically 

acceptable salt of formula (lb) or a pharmaceutical composition comprising a 

compound or pharmaceutically acceptable salt of formula (lb): 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRC; 

A is optionally substituted aryl or optionally substituted heteroaryl; 

Rl is independently selected from alkyl, optionally substituted aryl, and 

,b 
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wherein A, L, R1, R3, Rd, Rb, Rc, Rd, W, X, Z, m, h and g are as defined above in 

formula (I) or any one of the embodiments or aspects described herein. 

In some embodiments, X, W and Z are CH. In some embodiments, one of X, 

W and Z is N and the other two of X, W and Z are CH. 

In another embodiment, provided is a pharmaceutical composition comprising 

a compound or pharmaceutically acceptable salt of formula (Ic) or a pharmaceutical 

composition comprising a compound or pharmaceutically acceptable salt of formula 

wherein A, L, R1, R3, Ra, Rb, Rc, Rd, W, X, Y, m, h and g are as defined above in 

formula (I) or any one of the embodiments or aspects described herein. 

In some embodiments, X, Y and W are CH. In some embodiments, one of X, 

Y and W is N and the other two of X, Y and W are CH. 

In another embodiment, provided is a compound or pharmaceutically 

acceptable salt of formula (Id) or a pharmaceutical composition comprising a 

compound or pharmaceutically acceptable salt of formula (Id): 

wherein A, L, R1, R3, Ra, Rb, Rc, Rd, Y, Z, m, h and g are as defined above in formula 

(I) or any one of the embodiments or aspects desciibed herein. 

In some embodiments, Y and Z are CH. In some embodiments, one of Y and 

Z is N and one of Y and Z is CH. 

In another embodiment, provided is a compound or pharmaceutically 

acceptable salt of formula (Ie) or a pharmaceutical composition comprising a 

compound or pharmaceutically acceptable salt of formula (Ie): 

(Ic): 
ib 

R3 Rb 
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O 

A 

(Ie); 

wherein A, L, Rl, R3, Ra, Rb, Rc, Rd, W, X, Y, Z, m, h and g are as defined above in 

formula (I) or any one of the embodiments or aspects described herein. 

In certain embodiments, exemplary compounds of Formula I include the 

compounds described in Figure 1 and in the Examples. In some embodiments, a 

compound described herein modulates PKM2 by interacting (e.g., binding) with the 

FBP binding pocket. For example, a compound described herein can compete with 

FBP binding in PKM2. 

In some embodiments a compound described herein has one or more 

properties described herein, e.g., one or more of the following properties: it is an 

allosteric modulator (e.g., activator); it modulates die release of FBP (e.g., promotes); 

it is a modulator (e.g., agonist) of FBP, e.g., an agonist which binds with a lower, 

about the same, or higher affinity than does FBP; it modulates (e.g., promotes) the 

dissolution of tetrameric PKM2; it modulates (e.g., promotes) the assembly of 

tetrameric PKM2; it selectively modulates (e.g., activates) PKM2 over at least one 

other isoform of PK, e.g., it is selective for PKM2 over PKR, PKM1, or PKL; is has 

an affinity for PKM2 which is greater than its affinity for at least one other isoform 

of PK, e.g., PKR, PKM1, or PKL. 

In another embodiment, the activator of PKM2 utilized in the methods and 

compositions described herein operates by or has one or more of the following 

mechanisms or properties: 

a. it is an allosteric activator of PKM2; 

b. it modulates (e.g., stabilizes) the binding of FBP in a binding pocket of 

c. it modulates (e.g., promotes) the release of FBP from a binding pocket of 

PKM2; 

PKM2; 
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d. it is a modulator (e.g., an agonist), e.g., an analog, of FBP, e.g., an agonist 

which binds PKM2 with a lower, about the same, or higher affinity than does 

FBP; 

e. it modulates (e.g., promotes) the dissolution of tetrameric PKM2; 

f. it modulates (e.g., promotes) the assembly of tetrameric PKM2; 

g. it modulates (e.g., stabilizes) the tetrameric conformation of PKM2; 

h. it modulates (e.g., promotes) the binding of a phosphotyrosine containing 

polypeptide to PKM2; 

i. it modulates (e.g., promotes) the ability of a phosphotyrosine containing 

polypeptide to induce release of FBP from PKM2, e.g., by inducing a change 

in the conformation of PKM2, e.g., in the position of Lys 433, thereby 

hindering the release of FBP; 

k. it binds to or changes the position of Lys 433 relative to the FBP binding 

pocket; 

1. it selectively modulates (e.g., activates) PKM2 over at least one other 

isoform of PK, e.g., it is selective for PKM2 over one or more of PKR, PKM1, 

or PKL; 
m. it has an affinity for PKM2 which is greater than its affinity for at least one 

other isoform of PK, e.g., PKR, PKM1, or PKL. 

A compound described herein may be tested for its ability to activate PKM2. 

For simplicity, the activation activity of these compounds is represented as an AC50 in 

Figure 1 and throughout the application. Exemplary compounds are shown in Figure 

1. As shown in Figure 1, "A" refers to an activator of PKM2 with an EC50 < 100 nM. 

"B3> refers to an activator of PKM2 with an EC50 between 100 nM and 500 nM. "C" 

refers to an activator of PKM2 with an EC50 between 500 nM and 1000 nM. "D" 

refers to an activator of PKM2 with an EC50 between 1 |iM and 10 jiM. "E" refers to 

data that is not available. 

The compounds described herein can be made using a variety of synthetic 

techniques. 

Scheme 1. 
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Scheme 1 above is an exemplary scheme that depicts a representative 

synthesis of certain compounds described herein. Sulfonyl chloride 1 is reacted with 

amine 2 under standard coupling conditions to produce ester 3. Hydrolysis of 3 using 

lithium hydroxide generates carboxylic acid 4. Piperazine (5) is with the appropriate 

bromide under standard palladium coupling conditions to provide 7. Carboxylic acid 

4 is then treated with piperazine derivative 7 to produce final compound 8. 

As can be appreciated by the skilled artisan, methods of synthesizing the 

compounds of the formulae herein will be evident to those of ordinary skill in the ait. 

Additionally, the various synthetic steps may be performed in an alternate sequence or 

order to give the desired compounds. Synthetic chemistry transformations and 

protecting group methodologies (protection and deprotection) useful in synthesizing 

the compounds described herein are known in the ait and include, for example, those 

such as described in R. Larock, Comprehensive Organic Transformations, VCH 

Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic 

Synthesis, 2d. Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and 

Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. 

Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons 

(1995), and subsequent editions thereof. 

The compounds provided herein may contain one or more asymmetric centers 

and thus occur as racemates and racemic mixtures, single enantiomers, individual 

diastereomers and diastereomeric mixtures. All such isomeric forms of these 
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compounds are expressly included within the scope. Unless otherwise indicated when 

a compound is named or depicted by a structure without specifying the 

stereochemistry and has one or more chiral centers, it is understood to represent all 

possible stereoisomers of the compound. The compounds provided herewith may also 

contain linkages (e.g., carbon-carbon bonds) or substituents that can restrict bond 

rotation, e.g. restriction resulting from the presence of a ring or double bond. 

Accordingly, all cis/trans and E/Z isomers are expressly included. 

The compounds provided herein (e.g. of Formula 1) may also comprise one or 

more isotopic substitutions. For example, H may be in any isotopic form, including 

'H, 2H (D or deuterium), and 3H (T or tritium); C may be in any isotopic form, 

including 12C, 13C, and 34C; O may be in any isotopic form, including 160 and 180; 

and the like. The compounds provided herein may also be represented in multiple 

tautomeric forms, in such instances, expressly includes all tautomeric forms of the 

compounds described herein, even though only a single tautomeric form may be 

represented (e.g., alkylation of a ring system may result in alkylation at multiple sites; 

all such reaction products are expressly included). All such isomeric forms of such 

compounds are expressly included. All crystal forms of the compounds described 

herein are expressly included. 

The compounds provided herein include the compounds themselves, as well as 

their salts and their prodrugs, if applicable. A salt, for example, can be formed 

between an anion and a positively charged substituent (e.g., amino) on a compound 

described herein. Suitable anions include chloride, bromide, iodide, sulfate, nitrate, 

phosphate, citrate, methanesulfonate, trifluoroacetate, and acetate. Likewise, a salt 

can also be formed between a cation and a negatively charged substituent (e.g., 

carboxylate) on a compound described herein. Suitable cations include sodium ion, 

potassium ion, magnesium ion, calcium ion, and an ammonium cation such as 

tetramethylammonium ion. Examples of prodrugs include esters and other 

pharmaceutically acceptable derivatives, which, upon administration to a subject, are 

capable of providing active compounds. 

The compounds provided herein may be modified by appending appropriate 

functionalities to enhance selected biological properties, e.g., targeting to a particular 
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tissue. Such modifications are known in the art and include those which increase 

biological penetration into a given biological compartment (e.g., blood, lymphatic 

system, central nervous system), increase oral availability, increase solubility to allow 

administration by injection, alter metabolism and alter rate of excretion. 

In an alternate embodiment, the compounds described herein may be used as 

platforms or scaffolds that may be utilized in combinatorial chemistry techniques for 

preparation of derivatives and/or chemical libraries of compounds. Such derivatives 

and libraries of compounds have biological activity and are useful for identifying and 

designing compounds possessing a particular activity. Combinatorial techniques 

suitable for utilizing the compounds described herein are known in the art as 

exemplified by Obrecht, D. and Villalgrodo, J.M., Solid-Supported Combinatorial 

and Parallel Synthesis of Small-Molecular-Weight Compound Libraries, Pergamon-

Elsevier Science Limited (1998), and include those such as the "split and pool" or 

"parallel" synthesis techniques, solid-phase and solution-phase techniques, and 

encoding techniques (see, for example, Czarnik, A.W., Curr. Opin. Chem. Bio., 
(1997) 1, 60. Thus, one embodiment relates to a method of using the compounds 

described herein for generating derivatives or chemical libraries comprising: 1) 

providing a body comprising a plurality of wells; 2) providing one or more 

compounds identified by methods described herein in each well; 3) providing an 

additional one or more chemicals in each well; 4) isolating the resulting one or more 

products from each well. An alternate embodiment relates to a method of using the 

compounds described herein for generating derivatives or chemical libraries 

comprising: 1) providing one or more compounds described herein attached to a 

solid support; 2) treating the one or more compounds identified by methods described 

herein attached to a solid support with one or more additional chemicals; 3) isolating 

the resulting one or more products from the solid support. In the methods described 

above, "tags" or identifier or labeling moieties may be attached to and/or detached 

from the compounds described herein or their derivatives, to facilitate tracking, 

identification or isolation of the desired products or their intermediates. Such moieties 

are known in the art. The chemicals used in the aforementioned methods may 

include, for example, solvents, reagents, catalysts, protecting group and deprotecting 
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group reagents and the like. Examples of such chemicals are those that appear in the 

various synthetic and protecting group chemistry texts and treatises referenced herein. 

Definitions 

The term "halo" or "halogen" refers to any radical of fluorine, chlorine, 

bromine or iodine. 

The term "alkyl" refers to a hydrocarbon chain that may be a straight chain or 

branched chain, containing the indicated number of carbon atoms. For example, Cj-

Cn alkyl indicates that the group may have from 1 to 12 (inclusive) carbon atoms in 

it. The term "haloalkyl" refers to an alkyl in which one or more hydrogen atoms are 

replaced by halo, and includes alkyl moieties in which all hydrogens have been 

replaced by halo (e.g., perfluoroalkyl). The terms "arylalkyl" or "arallcyl" refer to an 

alkyl moiety in which an alkyl hydrogen atom is replaced by an aryl group. Aralkyl 

includes groups in which more than one hydrogen atom has been replaced by an aryl 

group. Examples of "arylalkyl" or "aralkyl" include benzyl, 2-phenylethyl, 3-

phenylpropyl, 9-fluorenyl, benzhydryl, and trityl groups. 

The term "alkylene" refers to a divalent alkyl, e.g., -CH2-, -CH2CH2-, and -

CH2CH2CH2-. 

The term "alkenyi" refers to a straight or branched hydrocarbon chain 

containing 2-12 carbon atoms and having one or more double bonds. Examples of 

alkenyi groups include, but are not limited to, ally], propenyl, 2-butenyl, 3-hexenyl 

and 3-octenyl groups. One of the double bond carbons may optionally be the point of 

attachment of the alkenyi substituent. The term "alkynyl" refers to a straight or 

branched hydrocarbon chain containing 2-12 carbon atoms and characterized in 

having one or more triple bonds. Examples of alkynyl groups include, but are not 

limited to, ethynyl, propargyl, and 3-hexynyl. One of the triple bond carbons may 

optionally be the point of attachment of the alkynyl substituent. 

The terms "alkylamino" and "dialkylamino" refer to -NH(alkyl) and -

NH(alkyl)2 radicals respectively. The term "aralkylamino" refers to a -NH(aralkyl) 

radical. The term alkylaminoalkyl refers to a (allcyl)NH-alkyl- radical; the term 

dialkylaminoalkyl refers to a (alkyl)2N-alkyl- radical The term "alkoxy" refers to an -
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G-alkyl radical. The term "mercapto" refers to an SH radical. The term "thioalkoxy" 

refers to an -S-alkyl radical. The term thioaryloxy refers to an -S-aryl radical. 

The term "aryl" refers to a monocyclic, bicyclic, or tricyclic aromatic 

hydrocarbon ring system, wherein any ring atom capable of substitution can be 

substituted (e.g., by one or more substituents). Examples of aryl moieties include, but 

are not limited to, phenyl, naphthyl, and anthracenyl. 

The term "cycloalkyl" as employed herein includes cyclic, bicyclic, 

tricyclic,or polycyclic non-aromatic hydrocarbon groups having 3 to 12 carbons. Any 

substitutable ring atom can be substituted (e.g., by one or more substituents). The 

cycloalkyl groups can contain fused or spiro rings. Fused rings are rings that share a 

common carbon atom. Examples of cycloalkyl moieties include, but are not limited 

to, cyclopropyl, cyclohexyl, methylcyclohexyl, adamantyl, and norbornyl. 

The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 14-membered 

non-aromatic ring structures (e.g., 3- to 14-membered rings, more preferably 3- to 7-

membered rings), whose ring structures include one to four heteroatoms 

independently selected from O, N and S. The heterocyclyl or heterocyclic groups can 

contain fused or spiro rings. Heterocycles can also be polycycles, with each group 

having, e.g., 5-7 ring members. The term "heterocyclyl" or "heterocyclic group" 

includes saturated and partially saturated heterocyclyl structures. The term 

"heteroaryl" refers to a 5-14 membered (i.e., a 5-8 membered monocyclic, 8-12 

membered bicyclic, or 11-14 membered tricyclic) aromatic ring system having 1-3 

ring heteroatoms if monocyclic, 1-6 ring heteroatoms if bicyclic, or 1-9 ring 

heteroatoms if tricyclic, said ring heteroatoms independently selected from 0, N, and 

S (e.g., 1-3, 1-6, or 1-9 ring heteroatoms of N, 0, or S if monocyclic, bicyclic, or 

tricyclic, respectively). Any substitutable ring atom can be substituted (e.g., by one or 

more substituents). . Heterocyclyl and heteroaryl groups include, for example, 

thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene, 

phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine, pyrazine, 

pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine, 

isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline, 

cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, 
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phenanthroline, phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, 

pyrrolidine, oxolane, ihiolane, oxazole, piperidine, piperazine, morpholine, lactones, 

lactams such as azetidinones and pyrrolidinones, sultams, sultones, and the like. The 

heterocyclic or heteroaryl ring can be substituted at one or more positions with such 

substituents as described herein, as for example, halogen, alkyl, aralkyl, alkenyi, 

alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino, amido, phosphate, 

phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, 

aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -CF3, -CN, or 

the like. 

The term "heterocyclylalkyl", as used herein, refers to an alkyl group 

substituted with a heterocycle group. 

The term "cycloalkenyl" refers to partially unsaturated, nonaromatic, 

monocyclic, bicyclic, or tricyclic hydrocarbon groups having 5 to 12 carbons, 

preferably 5 to 8 carbons. The unsaturated carbon may optionally be the point of 

attachment of the cycloalkenyl substituent. Any substitutable ring atom can be 

substituted (e.g., by one or more substituents). The cycloalkenyl groups can contain 

fused or spiro rings. Fused rings are rings that share a common carbon atom. 

Examples of cycloalkenyl moieties include, but are not limited to, cyclohexenyl, 

cyclohexadienyl, or norbornenyl. 

The term "heterocycloalkenyl" refers to a partially saturated, nonaromatic 5-

10 membered monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring 

system having 1-3 heteroatoms if monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 

heteroatoms if tricyclic, said heteroatoms independently selected from O, N, and S 

(e.g., 1-3, 1-6, or 1-9 ring heteroatoms of N, O, or S if monocyclic, bicyclic, or 

tricyclic, respectively). The unsaturated carbon or the heteroatom may optionally be 

the point of attachment of the heterocycloalkenyl substituent. Any substitutable ring 

atom can be substituted (e.g., by one or more substituents). The heterocycloalkenyl 

groups can contain fused rings. Fused rings are rings that share a common carbon 

atom. Examples of heterocycloalkenyl include but are not limited to 

tetrahydropyridyl and dihydropyranyl. 
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The terms "hetaralkyl" and "heteroaralkyl", as used herein, refers to an alkyl 

group substituted with a heteroaryl group. The ring heteroatoms of the compounds 

provided herein include N-O, S(O), and S(0)2. 

The term "oxo" refers to an oxygen atom, which forms a carbonyl when 

attached to carbon, an N-oxide when attached to nitrogen, and a sulfoxide or sulfone 

when attached to sulfur. 

The term "acyl" refers to an alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, 

heterocyclylcarbonyl, or heteroarylcarbonyl substituent, any of which may be further 

substituted (e.g., by one or more substituents). 

The term "substituents" refers to a group "substituted" on an alkyl, cycloalkyl, 

alkenyi, alkynyl, heterocyclyl, heterocycloalkenyl, cycloalkenyl, aryl, or heteroaryl 

group at any substitutable atom of that group. Any substitutable atom can be 

substituted. Unless otherwise specified, such substituents include, without limitation, 

alkyl (e.g., CI, C2, C3, C4, C5, C6, CI, C8, C9, CIO, Cll, C12 straight or branched 

chain alkyl), cycloalkyl, haloalkyl (e.g., perfluoroalkyl such as CF3), aryl, heteroaryl, 

aralkyl, heteroaralkyl, heterocyclyl, alkenyi, alkynyl, cycloalkenyl, 

heterocycloalkenyl, alkoxy, haloalkoxy (e.g., perfluoroalkoxy such as OCF3), halo, 

hydroxy, carboxy, carboxylate, cyano, nitro, amino, alkyl amino, SO3H, sulfate, 

phosphate, methylenedioxy (-0-CH2-0- wherein oxygens are attached to vicinal 

atoms), ethylenedioxy, oxo (not a substituent on heteroaryl), thioxo (e.g., C=S) (not a 

substituent on heteroaryl), imino (alkyl, aryl, aralkyl), S(0)BalkyI (where n is 0-2), 

S(0)n aryl (where n is 0-2), S(0)„ heteroaryl (where n is 0-2), S(0)n heterocyclyl 

(where n is 0-2), amine (mono-, di-, alkyl, cycloalkyl, aralkyl, heteroaralkyl, aryl, 

heteroaryl, and combinations thereof), ester (alkyl, aralkyl, heteroaralkyl, aryl, 

heteroaryl), amide (mono-, di-, alkyl, aralkyl, heteroaralkyl, aryl, heteroaryl, and 

combinations thereof), sulfonamide (mono-, di-, alkyl, aralkyl, heteroaralkyl, and 

combinations thereof). In one aspect, the substituents on a group are independently 

any one single, or any subset of the aforementioned substituents. In another aspect, a 

substituent may itself be substituted with any one of the above substituents. 

The term "selective" is meant at least 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 01* 

10-fold greater modulation (e.g., activation) of PKM2 than PKM1. 
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The term "activator" as used herein means an agent that (measurably) 

increases the activity of a pyruvate kinase (e.g., PKM2) or causes pyruvate kinase 

(e.g., PKM2) activity to increase to a level that is greater than PKM2's basal levels of 

activity. For example, the activator may mimic the effect caused by a natural ligand 

(e.g., FBP). The activator effect caused by a compound provided herein may be to 

the same, or to a greater, or to a lesser extent than the activating effect caused by a 

natural ligand, but the same type of effect is caused. A compound provided herein 

can be evaluated to determine if it is an activator by measuring either directly or 

indirectly the activity of the pyruvate kinase when subjected to said compound. The 

activity of a compound provided herein can be measured, for example, against a 

control substance. In some instances, the activity measured of the test compound is 

for activation of PKM2. The activity of PKM2 can be measured, for example, by 

monitoring the concentration of a substrate such as ATP or NADH. 

The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms represent methyl, ethyl, phenyl, 

trifluoromethanesulfony], nonafluorobufcanesulfonyl, /Moluenesulfony] and 

methanesulfonyl, respectively. A more comprehensive list of the abbreviations 

utilized by organic chemists of ordinary skill in the art appears in the first issue of 

each volume of the Journal of Organic Chemistry, this list is typically presented in a 

table entitled Standard List of Abbreviations. The abbreviations contained in said list, 

and all abbreviations utilized by organic chemists of ordinary skill in the art are 

hereby incorporated by reference. 

Methods of evaluating compounds 
The compounds described herein can be evaluated for ability to modulate 

PKM2 (e.g., activate PKM2) by methods known in the art. In some embodiments, 

compounds described herein are evaluated for ability to modulate PKM2 (e.g. activate 

PKM2) in serine deficient conditions. In some embodiments, exemplary methods 

include contacting the compound with a cell-based assay which allows assessment of 

the ability to modulate (e.g., activate) PKM2. E.g., the candidate compound can be 

contacted with a cell and measuring the consumption of oxygen or production of 
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lactate. A change in cellular phosphoenolpyruvate, a change in glycerol-phosphate, a 

change in ribose or deoxyribose, a change in lipid synthesis, or a change in glucose 

conversion to lipid or nucleic acids or amino acids or protein can also be used to 

evaluate a compound for its ability to modulate PKM2 (e.g., activate PKM2). The 

evaluation could also include measuring a change in pyruvate or a determination of an 

alteration in mitochondrial membrane potential, e.g., as measured by fluorescent 

potentiometric dyes. 

The activity of the PKM enzyme measured in the screening/testing assay may 

be measured by, e.g., monitoring the concentration of a substrate (e.g., ATP or 

NADH) present in the reaction mixture. Pyruvate, produced by the enzymatic activity 

of pyruvate kinase, is converted into lactate by lactate dehydrogenase, which requires 

the consumption of NADH (NADH —• NAD+). Thus, the activity of PKM2 can be 

indirectly measured by monitoring the consumption of NADH through, e.g., 

fluorescence assays. Additionally, the activity of the PKM2 enzyme can be directly 

monitored by measuring the production of ATP, as ATP is produced when 

phosphoenolpyruvate is converted to pyruvate. Methods for monitoring the amount 

of substrate in a reaction mixture include, e.g., absorbance, fluorescence, Raman 

scattering, phosphorescence, luminescence, luciferase assays, and radioactivity. 

The screening procedure requires the presence of specific components in the 

reaction mixture. Components utilized in the assay include, e.g., a nucleoside 

diphosphate (e.g., ADP), phosphoenolpyruvate, NADH, lactate dehydrogenase, FBP, 

a reducing agent (e.g., dithiothreitol), a detergent (e.g., Brij 35), glycerol, and a 

solvent (e.g., DMSO). Exemplary reaction conditions are found in Table 1. 

Table 1 

Component of Reaction Condition Amount in 
Activation Assay 

ADP 0.1-5.0 mM 
Phosphoenolpyruvate 0.1-5.0 mM 

NADH 10-1000 |i,M 
Lactate dehydrogenase 0.140 units 

Fructose-1,6-bisphosphate 0 
DTT 0.1-50 mM 
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Brij 35 0.01-1% 
Glycerol 0.1-10% 

Pyruvate Kinase M2 (used for screen) 1-100 pg 
DMSO 1-10% 

In some embodiments, a compound such as a compound described herein, 

can be evaluated in a cellular/ex vivo assay. For example, a cell is treated with a 

compound described herein (i.e., a PKM2 activator), and the compound is evaluated, 

for example for its ability to enter the cell and bind to PKM2, inducing an activated 

conformation of PKM2. The excess unbound compound can then be washed away 

with PBS, and the cells lysed, for example, by snap-freezing on dry ice, followed by 

addition of a detergent-containing lysis buffer. The lysate, in which activated PKM2 

remains intact, can then be removed and added to a chemical cocktail including the 

chemicals necessary to measure pyruvate kinase activity. The assay can be coupled to 

another assay such as an assay that is coupled to the LDIia enzyme. The amount of 

pyruvate kinase activity that is measured can then be normalized to the total protein 

content in the lysate, and related to the concentration of PKM2 activator that was 

added to the cell. This can allow an AC50 (concentration at which PKM2 is activated 

50%) value to be derived. The total fold-increase in activity over moclc-treated cells 

can also be calculated, and the "maximum level of activation" can be used to 

distinguish between compounds that fully activate PKM2 and compounds that can 

only partially activate PKM2. In the case of measuring PKM2 activity from tissue 

(for example, in a cell tumor), animals harboring the tissue/tumor of interest can be 

dosed with a compound. After a specified period of time in which exposure has been 

achieved in the target tissue/tumor of interest, the tissue/tumor can then be harvested 

from the animal, snap-frozen, and then lysed and homogenized. The amount of 

pyruvate kinase activity in this lysate can then be quantitated as described above. 

PKMI and PKM2 for use in the screening/testing methods described herein 

may be produced by any method known in the art for expression of recombinant 

proteins. For example, nucleic acids that encode the desired polypeptide may be 

introduced into various cell types or cell-free systems for expression. Eukaryotic 
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(e.g., COS, HEK293T, CHO, and NIH cell lines) and prokaryotic (e.g., E. coli) 

expression systems may be generated in which a PKM sequence is introduced into a 

plasmid or other vector, which is then used to transform living cells. Constructs in 

which the PKM cDNA contains the entire open reading frame, or biologically active 

fragment thereof, are inserted in the correct orientation into an expression plasmid and 

may be used for protein expression. Prokaryotic and eukaryotic expression systems 

allow for the expression and recovery of fusion proteins in which the PKM protein is 

covalently linked to a tag molecule on either the amino terminal or carboxy terminal 

side, which facilitates identification and/or purification. Examples of tags that can be 

used include hexahistidine, HA, FLAG, and c-myc epitope tags. An enzymatic or 

chemical cleavage site can be engineered between the PKM protein and the tag 

molecule so that the tag can be removed following purification. 

Compounds useful as PKM2 activators are those demonstrate specificity and 

activation of PKM2 enzyme in the absence of FBP to a level greater than that of 10, 

15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99, or 100% in the 

presence of FBP. Furthermore, compounds can be evaluated in the presence or 

absence of a phosphotyrosine peptide. Phosphotyrosine peptide binding to PKM2 

leads to a dissociation of FBP from PKM2 and conformational changes of PKM2 

from an active, tetrameric form to an inactive form. Compounds that bind to PKM2 

and lock the enzyme in the active confirmation even in the presence of a 

phosphotyrosine peptide will lead to the loss of allosteric control of PKM2 needed for 

shunting the biochemical intermediates from glycolysis into biosynthesis of other 

intermediates. This, in turn, will lead to inhibition of growth of cancer cells, activated 

immune cells and fat cells. 

Methods of Treatment 
In one embodiment, provided is a method for treating or preventing a disease, 

condition or disorder as described herein (e.g., treating) comprising administering a 

compound, a pharmaceutically acceptable salt of a compound or pharmaceutical 

composition comprising a compound described herein (e.g., a compound of formula 

(I), (I-a), (II) or in Figure 1). 
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The compounds and compositions described herein can be administered to 

cells in culture, e.g. in vitro or ex vivo, or to a subject, e.g., in vivo, to treat, prevent, 

and/or diagnose a variety of disorders, including those described herein below. 

As used herein, the term "treat" or "treatment" is defined as the application or 

administration of a compound, alone or in combination with, a second compound to a 

subject, e.g., a patient, or application or administration of the compound to an isolated 

tissue or cell, e.g., cell line, from a subject, e.g., a patient, who has a disorder (e.g., a 

disorder as described herein), a symptom of a disorder, or a predisposition toward a 

disorder, with the purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate, 

improve or affect the disorder, one or more symptoms of the disorder or the 

predisposition toward the disorder (e.g., to prevent at least one symptom of the 

disorder or to delay onset of at least one symptom of the disorder). 

As used herein, an amount of a compound effective to treat a disorder, or a 

"therapeutically effective amount" refers to an amount of the compound which is 

effective, upon single or multiple dose administration to a subject, in treating a cell, or 

in curing, alleviating, relieving or improving a subject with a disorder beyond that 

expected in the absence of such treatment. 
As used herein, an amount of a compound effective to prevent a disorder, or a 

"a prophylactically effective amount" of the compound refers to an amount effective, 

upon single- or multiple-dose administration to the subject, in preventing or delaying 

the occurrence of the onset or recurrence of a disorder or a symptom of the disorder. 

As used herein, the term "subject" is intended to include human and non-

human animals. Exemplary human subjects include a human patient having a 

disorder, e.g., a disorder described herein or a normal subject. The term "non-human 

animals" includes all vertebrates, e.g., non-mammals (such as chickens, amphibians, 

reptiles) and mammals, such as non-human primates, domesticated and/or 

agriculturally useful animals, e.g., sheep, dog, cat, cow, pig, etc. 

Neoplastic Disorders 

A compound or composition described herein can be used to treat a neoplastic 

disorder. A "neoplastic disorder" is a disease or disorder characterized by ceils that 
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have the capacity for autonomous growth or replication, e.g., an abnormal state or 

condition characterized by proliferative cell growth. Exemplary neoplastic disorders 

include: carcinoma, sarcoma, metastatic disorders (e.g., tumors arising from prostate, 

colon, lung, breast and liver origin), hematopoietic neoplastic disorders, e.g., 

leukemias, metastatic tumors. Prevalent cancers include: breast, prostate, colon, lung, 

liver, and pancreatic cancers. Treatment with the compound may be in an amount 

effective to ameliorate at least one symptom of the neoplastic disorder, e.g., reduced 

cell proliferation, reduced tumor mass, etc. 

The disclosed methods are useful in the prevention and treatment of cancer, 

including for example, solid tumors, soft tissue tumors, and metastases thereof. The 

disclosed methods are also useful in treating non-solid cancel's. Exemplary solid 

tumors include malignancies (e.g., sarcomas, adenocarcinomas, and carcinomas) of 

the various organ systems, such as those of lung, breast, lymphoid, gastrointestinal 

(e.g., colon), and genitourinary (e.g., renal, urothelial, or testicular tumors) tracts, 

pharynx, prostate, and ovary. Exemplary adenocarcinomas include colorectal cancers, 

renal-cell carcinoma, liver cancer, non-small cell carcinoma of the lung, and cancer of 

the small intestine. 
Other exemplary cancers include: Acute Lymphoblastic Leukemia, Adult; 

Acute Lymphoblastic Leukemia, Childhood; Acute Myeloid Leukemia, Adult; 

Adrenocortical Carcinoma; Adrenocortical Carcinoma, Childhood; AIDS-Related 

Lymphoma; AIDS-Related Malignancies; Anal Cancer; Astrocytoma, Childhood 

Cerebellar; Astrocytoma, Childhood Cerebral; Bile Duct Cancer, Extrahepatic; 

Bladder Cancer; Bladder Cancer, Childhood; Bone Cancer, Osteosarcoma/Malignant 

Fibrous Histiocytoma; Brain Stem Glioma, Childhood; Brain Tumor, Adult; Brain 

Tumor, Brain Stem Glioma, Childhood; Brain Tumor, Cerebellar Astrocytoma, 

Childhood; Brain Tumor, Cerebral Astrocytoma/Malignant Glioma, Childhood; Brain 

Tumor, Ependymoma, Childhood; Brain Tumor, Medulloblastoma, Childhood; Brain 

Tumor, Supratentorial Primitive Neuroectodermal Tumors, Childhood; Brain Tumor, 

Visual Pathway and Hypothalamic Glioma, Childhood; Brain Tumor, Childhood 

(Other); Breast Cancer; Breast Cancer and Pregnancy; Breast Cancer, Childhood; 

Breast Cancer, Male; Bronchial Adenomas/Carcinoids, Childhood; Carcinoid Tumor, 
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Childhood; Carcinoid Tumor, Gastrointestinal; Carcinoma, Adrenocortical; 

Carcinoma, Islet Cell; Carcinoma of Unknown Primaiy; Central Nervous System 

Lymphoma, Primary; Cerebellar Astrocytoma, Childhood; Cerebral 

Astrocytoma/Malignant Glioma, Childhood; Cervical Cancer; Childhood Cancers; 

Chronic Lymphocytic Leukemia; Chronic Myelogenous Leukemia; Chronic 

Myeloproliferative Disorders; Clear Cell Sarcoma of Tendon Sheaths; Colon Cancer; 

Colorectal Cancer, Childhood; Cutaneous T-Cell Lymphoma; Endometrial Cancer; 

Ependymoma, Childhood; Epithelial Cancer, Ovarian; Esophageal Cancer; 

Esophageal Cancer, Childhood; Ewing's Family of Tumors; Extracranial Germ Cell 

Tumor, Childhood; Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct Cancer; 

Eye Cancer, Intraocular Melanoma; Eye Cancer, Retinoblastoma; Gallbladder Cancer; 

Gastric (Stomach) Cancer; Gastric (Stomach) Cancer, Childhood; Gastrointestinal 

Carcinoid Tumor; Germ Cell Tumor, Extracranial, Childhood; Germ Cell Tumor, 

Extragonadal; Germ Cell Tumor, Ovarian; Gestational Trophoblastic Tumor; Glioma, 

Childhood Brain Stem; Glioma, Childhood Visual Pathway and Hypothalamic; Hairy 

Cell Leukemia; Head and Neck Cancer; Hepatocellular (Liver) Cancer, Adult 

(Primary); Hepatocellular (Liver) Cancer, Childhood (Primaiy); Hodgkin's 

Lymphoma, Adult; Hodgkin's Lymphoma, Childhood; Hodgkin's Lymphoma During 

Pregnancy; Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Glioma, 

Childhood; Intraocular Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); 

Kaposi's Sarcoma; Kidney Cancer; Laryngeal Cancer; Laryngeal Cancer, Childhood; 

Leukemia, Acute Lymphoblastic, Adult; Leukemia, Acute Lymphoblastic, Childhood; 

Leukemia, Acute Myeloid, Adult; Leukemia, Acute Myeloid, Childhood; Leukemia, 

Chronic Lymphocytic; Leukemia, Chronic Myelogenous; Leukemia, Hairy Cell; Lip 

and Oral Cavity Cancer; Liver Cancer, Adult (Primary); Liver Cancer, Childhood 

(Primary); Lung Cancer, Non-Small Cell; Lung Cancer, Small Cell; Lymphoblastic 

Leukemia, Adult Acute; Lymphoblastic Leukemia, Childhood Acute; Lymphocytic 

Leukemia, Chronic; Lymphoma, AIDS- Related; Lymphoma, Central Nervous 

System (Primary); Lymphoma, Cutaneous T-Cell; Lymphoma, Hodgkin's, Adult; 

Lymphoma, Hodgkin's, Childhood; Lymphoma, Hodgkin's During Pregnancy; 

Lymphoma, Non-Hodgkin's, Adult; Lymphoma, Non- Hodgkin's, Childhood; 
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Lymphoma, Non-Hodgkin's During Pregnancy; Lymphoma, Primary Central Nervous 

System; Macroglobulinemia, Waldenstrom's; Male Breast Cancer; Malignant 

Mesothelioma, Adult; Malignant Mesothelioma, Childhood; Malignant Thymoma; 

Medulloblastoma, Childhood; Melanoma; Melanoma, Intraocular; Merkel Cell 

Carcinoma; Mesothelioma, Malignant; Metastatic Squamous Neck Cancer with 

Occult Primary; Multiple Endocrine Neoplasia Syndrome, Childhood; Multiple 

Myeloma/Plasma Cell Neoplasm; Mycosis Fungoides; Myelodysplasia Syndromes; 

Myelogenous Leukemia, Chronic; Myeloid Leukemia, Childhood Acute; Myeloma, 

Multiple; Myeloproliferative Disorders, Chronic; Nasal Cavity and Paranasal Sinus 

Cancer; Nasopharyngeal Cancer; Nasopharyngeal Cancer, Childhood; 

Neuroblastoma; Non-Hodgkin's Lymphoma, Adult; Non-Hodgkin's Lymphoma, 

Childhood; Non- Hodgkin's Lymphoma During Pregnancy; Non-Small Cell Lung 

Cancer; Oral Cancer, Childhood; Oral Cavity and Lip Cancer; Oropharyngeal Cancer; 

Osteosarcoma/Malignant Fibrous Histiocytoma of Bone; Ovarian Cancer, Childhood; 

Ovarian Epithelial Cancer; Ovarian Germ Cell Tumor; Ovarian Low Malignant 

Potential Tumor; Pancreatic Cancer; Pancreatic Cancer, Childhood; Pancreatic 

Cancer, Islet Cell; Paranasal Sinus and Nasal Cavity Cancer; Parathyroid Cancer; 

Penile Cancer; Pheochromocytoma; Pineal and Supratentorial Primitive 

Neuroectodermal Tumors, Childhood; Pituitary Tumor; Plasma Cell 

Neoplasm/Multiple Myeloma; Pleuropulmonary Blastoma; Pregnancy and Breast 

Cancer; Pregnancy and Hodgkin's Lymphoma; Pregnancy and Non-Hodgkin's 

Lymphoma; Primary Central Nervous System Lymphoma; Primary Liver Cancer, 

Adult; Primary Liver Cancer, Childhood; Prostate Cancer; Rectal Cancer; Renal Cell 

(Kidney) Cancer; Renal Cell Cancer, Childhood; Renal Pelvis and Ureter, 

Transitional Cell Cancer; Retinoblastoma; Rhabdomyosarcoma, Childhood; Salivary 

Gland Cancer; Salivary Gland Cancer, Childhood; Sarcoma, Ewing's Family of 

Tumors; Sarcoma, Kaposi's; Sarcoma (Osteosarcoma)/Malignant Fibrous 

Histiocytoma of Bone; Sarcoma, Rhabdomyosarcoma, Childhood; Sarcoma, Soft 

Tissue, Adult; Sarcoma, Soft Tissue, Childhood; Sezary Syndrome; Skin Cancer; Skin 

Cancer, Childhood; Skin Cancer (Melanoma); Skin Carcinoma, Merkel Cell; Small 

Cell Lung Cancer; Small Intestine Cancer; Soft Tissue Sarcoma, Adult; Soft Tissue 
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Sarcoma, Childhood; Squamous Neck Cancer with Occult Primary, Metastatic; 

Stomach (Gastric) Cancer; Stomach (Gastric) Cancer, Childhood; Supratentorial 

Primitive Neuroectodermal Tumors, Childhood; T- Cell Lymphoma, Cutaneous; 

Testicular Cancer; Thymoma, Childhood; Thymoma, Malignant; Thyroid Cancer; 

Thyroid Cancer, Childhood; Transitional Cell Cancer of the Renal Pelvis and Ureter; 

Trophoblastic Tumor, Gestational; Unknown Primary Site, Cancer of, Childhood; 

Unusual Cancers of Childhood; Ureter and Renal Pelvis, Transitional Cell Cancer; 

Urethra] Cancer; Uterine Sarcoma; Vaginal Cancer; Visual Pathway and 

Hypothalamic Glioma, Childhood; Vulvar Cancer; Waldenstrom's Macro 

globulinemia; and Wilms' Tumor. Metastases of the aforementioned cancers can also 

be treated or prevented in accordance with the methods described herein. 

Cancer Combination therapies 

In some embodiments, a compound described herein is administered together 

with one or more additional cancer treatments. Exemplary cancer treatments include, 

for example: chemotherapy, targeted therapies such as antibody therapies, 

immunotherapy, and hormonal therapy. Examples of each of these treatments are 

provided below. 

Chemotherapy 

In some embodiments, a compound described herein is administered with one 

or morechemotherapies. Chemotherapy is the treatment of cancer with drugs that can 

destroy cancer cells. "Chemotherapy" usually refers to cytotoxic drugs which affect 

rapidly dividing cells in general, in contrast with targeted therapy. Chemotherapy 

drugs interfere with cell division in various possible ways, e.g., with the duplication 

of DNA or the separation of newly formed chromosomes. Most forms of 

chemotherapy target all rapidly dividing cells and are not specific for cancer cells, 

although some degree of specificity may come from the inability of many cancer cells 

to repair DNA damage, while normal cells generally can. 

Examples of chemotherapeutic agents used in cancer therapy include, for 

example, antimetabolites (e.g., folic acid, purine, and pyrimidine derivatives) and 

alkylating agents (e.g., nitrogen mustards, nitrosoureas, platinum, alkyl sulfonates, 
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hydrazines, triazenes, aziridines, spindle poison, cytotoxic agents, toposimerase 

inhibitors and others). Exemplary agents include Aclarubicin, Actinomycin, 

Alitretinon, Altretamine, Aminopterin, Aminolevulinic acid, Amrubicin, Amsacrine, 

Anagrelide, Arsenic trioxide, Asparaginase, Atrasentan, Belotecan, Bexarotene, 

endamustine, Bleomycin, Bortezomib, Busulfan, Camptothecin, Capecitabine, 

Carboplatin, Carboquone, Carmofur, Carmustine, Celecoxib, Chlorambucil, 

Chlormethine, Cisplatin, Cladilbine, Clofarabine, Crisantaspase, Cyclophosphamide, 

Cytarabine, Dacarbazine, Dactinomycin, Daunombicin, Decitabine, Demecolcine, 

Docetaxel, Doxorubicin, Efaproxiral, Elesclomol, Elsamitrucin, Enocitabine, 

Epirubicin, Estramustine, Etoglucid, Etoposide, Floxuridine, Fludarabine, 

Fluorouracil (5FU), Folemustine, Gemcitabine, Gliadel implants, Hydroxycarbamide, 

Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan, Irofulven, Ixabepilone, Larotaxel, 

Leucovorin, Liposomal doxorubicin, Liposomal daunombicin, Lonidamine, 

Lomustine, Lucanthone, Mannosulfan, Masoprocol, Melphalan, Mercaptopurine, 

Mesna, Methotrexate, Methyl aminolevulinate, Mitobronitol, Mitoguazone, Mitotane, 

Mitomycin, Mitoxantrone, Nedaplatin, Nimustine, Oblimersen, Omacetaxine, 

Ortataxel, Oxaliplatin, Paclitaxel, Pegaspargase, Pemetrexed, Pentostatin, Pirarubicin, 

Pixantrone, Plicamycin, Porfimer sodium, Prednimustine, Procarbazine, Raltitrexed, 

Ranimustine, Rubitecan, Sapacitabine, Semustine, Sitimagene ceradenovec, 

Satraplatin, Streptozocin, Talapoifin, Tegafur-uracil, Temopoifin, Temozolomide, 

Teniposide, Tesetaxel, Testolactone, Tetranitrate, Thiotepa, Tiazofurin, Tioguanine, 

Tipifamib, Topotecan, Trabectedin, Triaziquone, Triethylenemelamine, Triplatin, 

Tretinoin, Treosulfan, Trofosfamide, Uramustine, Valrubicin, Verteporfin, 

Vinblastine, Vincristine, Vindesine, Vinflunine, Vinorelbine, Vorinostat, Zorubicin, 

and other cytostatic or cytotoxic agents described herein. 

Because some drugs work better together than alone, two or more drugs are 

often given at the same time. Often, two or more chemotherapy agents are used as 

combination chemotherapy. In some embodiments, the chemotherapy agents 

(including combination chemotherapy) can be used in combination with a compound 

described herein. 

Targeted therapy 

39 



WO 2011/002817 PCT/US2010/040486 

In some embodiments, a compound described herein is administered with one 

or more targeted therapies. Targeted therapy constitutes the use of agents specific for 

the deregulated proteins of cancer cells. Small molecule targeted therapy drugs are 

generally inhibitors of enzymatic domains on mutated, overexpressed, or otherwise 

critical proteins within the cancer cell. Prominent examples are the tyrosine kinase 

inhibitors such as Axitinib, Bosutinib, Cediranib, dasatinib, erlotinib, imatinib, 

gefitinib, lapatinib, Lestaurtinib, Nilotinib, Semaxanib, Sorafenib, Sunitinib, and 

Vandetanib, and also cyclin-dependent kinase inhibitors such as Alvocidib and 

Seliciclib. Monoclonal antibody therapy is another strategy in which the therapeutic 

agent is an antibody which specifically binds to a protein on the surface of the cancer 

cells. Examples include the anti-HER2/neu antibody trastuzumab (HERCEPTIN®) 

typically used in breast cancer, and the anti-CD20 antibody rituximab and 

Tositumomab typically used in a variety of B-cell malignancies. Other exemplary 

anbibodies include Cetuximab, Panitumumab, Trastuzumab, Alemtuzumab, 

Bevacizumab, Edrecolomab, and Gemtuzumab. Exemplary fusion proteins include 

Aflibercept and Denileukin diftitox. In some embodiments, the targeted therapy can 

be used in combination with a compound described herein. 

Targeted therapy can also involve small peptides as "homing devices" which 

can bind to cell surface receptors or affected extracellular matrix surrounding the 

tumor. Radionuclides which are attached to these peptides (e.g., RGDs) eventually 

kill the cancer cell if the nuclide decays in the vicinity of the cell. An example of 

such therapy includes BEXXAR®. 

Immunotherapy 
In some embodiments, a compound described herein is administered with one 

or more immunotherapies. Cancer immunotherapy refers to a diverse set of 

therapeutic strategies designed to induce the patient's own immune system to fight the 

tumor. Contemporary methods for generating an immune response against tumors 

include intravesicular BCG immunotherapy for superficial bladder cancer, and use of 

interferons and other cytokines to induce an immune response in renal cell carcinoma 

and melanoma patients. 
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Allogeneic hematopoietic stem cell transplantation can be considered a form 

of immunotherapy, since the donor's immune cells will often attack the tumor in a 

graft-versus-tumor effect. In some embodiments, the immunotherapy agents can be 

used in combination with a compound described herein. 

Hormonal therapy 
In some embodiments, a compound described herein is administered with one 

or more hormonal therapies. The growth of some cancers can be inhibited by 

providing or blocking certain hormones. Common examples of hormone-sensitive 

tumors include certain types of breast and prostate cancers. Removing or blocking 

estrogen or testosterone is often an important additional treatment. In certain cancers, 

administration of hormone agonists, such as progestogens may be therapeutically 

beneficial. In some embodiments, the hormonal therapy agents can be used in 

combination with a compound described herein. 

Obesity and fat disorders 

A compound or composition described herein can be used to treat or prevent 

obesity, e.g., in a human subject, e.g. a child or adult subject. "Obesity" refers to a 

condition in which a subject has a body mass index of greater than or equal to 30. 

Many compounds described herein can be used to treat or prevent an over-weight 

condition. "Over-weight" refers to a condition in which a subject has a body mass 

index of greater or equal to 25.0. The body mass index (BMI) and other definitions 

are according to the "NIH Clinical Guidelines on the Identification and Evaluation, 

and Treatment of Overweight and Obesity in Adults" (1998). Treatment with the 

compound may be in an amount effective to alter the weight of the subject, e.g., by at 

least 2, 5, 7, 10, 12, 15, 20, 25, 30, 25, 40, 45, 50, or 55%. Treatment with a 

compound may be in an amount effective to reduce the body mass index of the 

subject, e.g., to less than 30, 28, 27, 25, 22, 20, or 18. The compounds can be used 

to treat or prevent aberrant or inappropriate weight gain, metabolic rate, or fat 

deposition, e.g., anorexia, bulimia, obesity, diabetes, or hyperlipidemia (e.g., elevated 

triglycerides and/or elevated cholesterol), as well as disorders of fat or lipid 

metabolism. 
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A compound or composition described herein can be administered to treat 

obesity associated with Prader-Willi Syndrome (PWS). PWS is a genetic disorder 

associated with obesity (e.g., morbid obesity). 

A compound or composition described herein can be used to reduce body fat, 

prevent increased body fat, reduce cholesterol (e.g., total cholesterol and/or ratios of 

total cholesterol to HDL cholesterol), and/or reduce appetite in individuals having 

PWS associated obesity, and/or reduce comorbidities such as diabetes, cardiovascular 

disease, and stroke. 

Compositions and routes of administration 

The compositions delineated herein include the compounds delineated herein 

(e.g., a compound described herein), as well as additional therapeutic agents if 

present, in amounts effective for achieving a modulation of disease or disease 

symptoms, including those described herein. 

The term "pharmaceutically acceptable carrier or adjuvant" refers to a carrier 

or adjuvant that may be administered to a patient, together with a compound provided 

herewith, and which does not destroy the pharmacological activity thereof and is 

nontoxic when administered in doses sufficient to deliver a therapeutic amount of the 

compound. 

Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used 

in the pharmaceutical compositions provided herewith include, but are not limited to, 

ion exchangers, alumina, aluminum stearate, lecithin, self-emulsifying drug delivery 

systems (SEDDS) such as d-a-tocopherol polyethyleneglycol 1000 succinate, 

surfactants used in pharmaceutical dosage forms such as Tweens or other similar 

polymeric delivery matrices, serum proteins, such as human serum albumin, buffer 

substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial 

glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such 

as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, 

sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl 

pyrrolidone, cellulose-based substances, polyethylene glycol, sodium 

carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block 
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polymers, polyethylene glycol and wool fat. Cyclodextrins such as a-, P~, and y-

cyclodextrin, or chemically modified derivatives such as hydroxyalkylcyclodextrins, 

including 2- and 3-hydroxypropyl-|3-cyclodextrins, or other solubilized derivatives 

may also be advantageously used to enhance delivery of compounds of the formulae 

described herein. 

The pharmaceutical compositions provided herewith may be administered 

orally, parenterally, by inhalation spray, topically, rectally, nasally, buccally, 

vaginally or via an implanted reservoir, preferably by oral administration or 

administration by injection. The pharmaceutical compositions provided herewith may 

contain any conventional non-toxic pharmaceutically-acceptable carriers, adjuvants or 

vehicles. In some cases, the pH of the formulation may be adjusted with 

pharmaceutical! y acceptable acids, bases or buffers to enhance the stability of the 

formulated compound or its delivery form. The term parenteral as used herein 

includes subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular, 

intraarterial, intrasynovial, intrasternal, intrathecal, intralesional and intracranial 

injection or infusion techniques. 

The pharmaceutical compositions may be in the form of a sterile injectable 

preparation, for example, as a sterile injectable aqueous or oleaginous suspension. 

This suspension may be formulated according to techniques known in the art using 

suitable dispersing or wetting agents (such as, for example, Tween 80) and 

suspending agents. The sterile injectable preparation may also be a sterile injectable 

solution or suspension in a non-toxic parenterally acceptable diluent or solvent, for 

example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents 

that may be employed are mannitol, water, Ringer's solution and isotonic sodium 

chloride solution. In addition, sterile, fixed oils are conventionally employed as a 

solvent or suspending medium. For this puipose, any bland fixed oil may be 

employed including synthetic mono- or diglycerides. Fatty acids, such as oleic acid 

and its glyceride derivatives are useful in the preparation of injectables, as are natural 

pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their 

polyoxyethylated versions. These oil solutions or suspensions may also contain a 

long-chain alcohol diluent or dispersant, or carboxymethyl cellulose or similar 
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dispersing agents which are commonly used in the formulation of pharmaceutically 

acceptable dosage forms such as emulsions and or suspensions. Other commonly used 

surfactants such as Tweens or Spans and/or other similar emulsifying agents or 

bioavailability enhancers which are commonly used in the manufacture of 

pharmaceutically acceptable solid, liquid, or other dosage forms may also be used for 

the purposes of formulation. 

The pharmaceutical compositions provided herewith may be orally 

administered in any orally acceptable dosage form including, but not limited to, 

capsules, tablets, emulsions and aqueous suspensions, dispersions and solutions. In 

the case of tablets for oral use, carriers which are commonly used include lactose and 

com starch. Lubricating agents, such as magnesium stearate, are also typically added. 

For oral administration in a capsule form, useful diluents include lactose and dried 

corn starch. When aqueous suspensions and/or emulsions are administered orally, the 

active ingredient may be suspended or dissolved in an oily phase is combined with 

emulsifying and/or suspending agents. If desired, certain sweetening and/or flavoring 

and/or coloring agents may be added. 

The pharmaceutical compositions provided herewith may also be administered 

in the form of suppositories for rectal administration. These compositions can be 

prepared by mixing a compound provided herewith with a suitable non-irritating 

excipient which is solid at room temperature but liquid at the rectal temperature and 

therefore will melt in the rectum to release the active components. Such materials 

include, but are not limited to, cocoa butter, beeswax and polyethylene glycols. 

Topical administration of the pharmaceutical compositions provided herewith 

is useful when the desired treatment involves areas or organs readily accessible by 

topical application. For application topically to the skin, the pharmaceutical 

composition should be formulated with a suitable ointment containing the active 

components suspended or dissolved in a carrier. Carriers for topical administration of 

the compounds provided herewith include, but are not limited to, mineral oil, liquid 

petroleum, white petroleum, propylene glycol, polyoxyethylene polyoxypropylene 

compound, emulsifying wax and water. Alternatively, the pharmaceutical composition 

can be formulated with a suitable lotion or cream containing the active compound 
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suspended or dissolved in a carrier with suitable emulsifying agents. Suitable carriers 

include, but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, 

cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water. The 

pharmaceutical compositions provided herewith may also be topically applied to the 

lower intestinal tract by rectal suppository formulation or in a suitable enema 

formulation. Topically-transdermal patches are also included. 

The pharmaceutical compositions provided herewith may be administered by 

nasal aerosol or inhalation. Such compositions are prepared according to techniques 

well-known in the ait of pharmaceutical formulation and may be prepared as solutions 

in saline, employing benzyl alcohol or other suitable preservatives, absorption 

promoters to enhance bioavailability, fluorocarbons, and/or other solubilizing or 

dispersing agents known in the art. 

When the compositions provided herewith comprise a combination of a 

compound of the formulae described herein and one or more additional therapeutic or 

prophylactic agents, both the compound and the additional agent should be present at 

dosage levels of between about 1 to 100%, and more preferably between about 5 to 

95% of the dosage normally administered in a monotherapy regimen. The additional 

agents may be administered separately, as pait of a multiple dose regimen, from the 

compounds provided herewith. Alternatively, those agents may be part of a single 

dosage form, mixed together with the compounds provided herewith in a single 

composition. 

The compounds described herein can, for example, be administered by 

injection, intravenously, intraarterially, subdermally, intraperitoneally, 

intramuscularly, or subcutaneously; or orally, buccally, nasally, transmucosally, 

topically, in an ophthalmic preparation, or by inhalation, with a dosage ranging from 

about 0.5 to about 100 mg/kg of body weight, alternatively dosages between 1 mg and 

1000 mg/dose, every 4 to 120 hours, or according to the requirements of the particular 

drug. The methods herein contemplate administration of an effective amount of 

compound or compound composition to achieve the desired or stated effect. 

Typically, the pharmaceutical compositions provided herewith will be administered 

from about 1 to about 6 times per day or alternatively, as a continuous infusion. Such 
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administration can be used as a chronic or acute therapy. The amount of active 

ingredient that may be combined with the carrier materials to produce a single dosage 

form will vary depending upon the host treated and the particular mode of 

administration. A typical preparation will contain from about 5% to about 95% active 

compound (w/w). Alternatively, such preparations contain from about 20% to about 

80% active compound. 

Lower or higher doses than those recited above may be required. Specific 

dosage and treatment regimens for any particular patient will depend upon a variety of 

factors, including the activity of the specific compound employed, the age, body 

weight, general health status, sex, diet, time of administration, rate of excretion, drug 

combination, the severity and course of the disease, condition or symptoms, the 

patient's disposition to the disease, condition or symptoms, and the judgment of the 

treating physician. 

Upon improvement of a patient's condition, a maintenance dose of a 

compound, composition or combination provided herewith may be administered, if 

necessary. Subsequently, the dosage or frequency of administration, or both, may be 

reduced, as a function of the symptoms, to a level at which the improved condition is 

retained when the symptoms have been alleviated to the desired level. Patients may, 

however, require intermittent treatment on a long-term basis upon any recurrence of 

disease symptoms. 

Patient selection and monitoring 
The compounds described herein can modulate PKM2. Accordingly, a patient 

and/or subject can be selected for treatment using a compound described herein by 

first evaluating the patient and/or subject to determine whether the subject is in need 

of modulation of PKM2, and if the subject is determined to be in need of modulation 

of PKM2, then administering to the subject a compound described herein. 

A subject can be evaluated as being in need of modulation of PKM2 using 

methods known in the art, e.g., by measuring the presence and/or activity of PKM2 in 

the patient. In some embodiments, the activity and/or level of PKM2 is evaluated in 

the cancer. 
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A patient receiving a compound described herein can be monitored, for 

example, for improvement in the condition and/or adverse effects. Improvement of a 

patient's condition can be evaluated, for exampie, by monitoring the growth, absence 

of growth, or regression of the cancer (e.g., a tumor). In some embodiments, the 

patient is evaluated using a radiological assay or evaluation of hemolytic parameters. 

EXAMPLES 

Example 1. PKM2 Assay. 

Procedure: 

• PKM2 stock enzyme solution was diluted in Reaction Buffer 

• 2 jiL of compound was added into each well first, and then 180 pL of the 
Reaction Mix was added. 

• Reaction mixture with compound (without ADP) were incubated for 30 
minutes at 4°C. 

• Plates were re-equilibrated to room temperature prior to adding 20 pL ADP to 
initiate the reaction. 

• Reaction progress was measured as changes in absorbance at 340 nm 
wavelength at room temperature (25°C) 

Reaction Mix: PKM2 (50 ng/well), ADP (0.7 mM), PEP (0.15 mM), NADH (180 
pM), LDH (2 units) in Reaction Buffer 
Reaction Buffer: 100 mM KC1, 50 mM Tris pH 7.5, 5 mM MgC12, 1 mM DTT, 
0.03% BSA. 

Example 2: Compounds and Their Preparation 

Scheme 2: 

47 



WO 2011/002817 PCT/US2010/040486 

C2H5i, K2COS 

DMF, rt, 
Overnight 

?Et XEt qnr, H2N ^ \ COOEt 
•I CISO3H /W/S02Ci \_/ 

-10°C, 10 mins V 
Br 

Pyridine, DCM, 12 h 
rt 

.COOEt COOH 
MeO 

r~\ m N-
(6) 

EDCI, HOBt, 
DiPEA, DMF, 12 h, rt 

Compound 6: 

r~\ 
MeO 

BiNAP, Pd(OAc)2 

MeO 
/ V ether/HCI 
I N—(v /) 
\—/ \-J/ rt, 2 h 

BocN NH + Br—£ \ 1— BocN/ N—<\ \ 
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General procedure for Compound 1: To a solution of 4-bromo phenol (5.0, 0.0289 

moles, 1 eq) in DMF (50 mL), potassium carbonate (9.970 g, 0.0722 moles, 2.5 eq) 

was added followed by the addition of ethyl iodide (4.70 ml, 0.0578 moles, 2 eq) and 

stilled for overnight. The progress of the reaction was monitored by TLC. After 

completion of starting material, the reaction mixture was quenched with water (25 

mL) and extracted with ethylacetate (2 x 50 mL). The combined organic layers were 

washed with brine (40 ml) solution. Ethylacetate layer was dried over NaoSC^ and 

concentrated under reduced pressure. The crude product was purified by column 

chromatography (9:1, ethyl acetate/hexane) to obtain compound 1 (5.0 g, 86.2%). MS 

(201.06)202.1 (M+l). 

General procedure for Compound 2: Compound 1 was taken in a two necked flask 

(2.00 g, 0.0099 moles, 1 eq). Chlorosulfonic acid (25 mL, 0.358 moles, 36 eq) was 

added slowly over a period of 10 min at -10° C. The resulting mixture was stirred at 
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the same temperature for 10 mm. After completion of the starting material, the 

reaction mixture was poured into ice cold water (100 mL) and extracted with ethyl 

acetate. The organic layer was washed with H2O, dried over Na2S04 and concentrated 

under reduced pressure. The desired product 2 was obtained by column purification 

(60-120 mesh silica gel, 5% ethyl acetate-hexane) as a solid (3 g, 43.3%). 

General procedure for Compound 3: To a solution of ethyl-4-aminobenzoate (300 

mg, 1.81 mmole, 1 eq) in 1:1 mixture of DCM/pyridine (5 mL/5 mL) was added a 

solution of 5-bromo-2-ethoxybenzene-l-sulfonyl chloride (compound 2, 654 mg, 2.17 

mmole, 1.2 eq) in DCM (5 mL/5 mL) at 0°C. The reaction mixture was then allowed 

to stir at room temperature for overnight. After completion of the reaction, the 

reaction mixture was diluted with DCM and washed with water, dried over sodium 

sulphate and concentrated under reduced pressure. The crude product was then 

washed with diethyl ether followed by n-hexane and dried to yield compound 3 as an 

off white solid (0.600 g, 77%). 
lU NMR (200 MHz, DMSO-d6) 1.30 (t, 3H), 1.58 (t, 3H), 4.20-4.40 (m, 4H), 6.82 (d, 

1H), 7.10-7.20 (m, 2H), 7.56-7.60 (dd, IH), 7.90-8.00 (m, 3H). 

General procedure for Compound 4: Ethyl 4-(5-bromo-2-

ethoxyphenylslulfonamido) benzoate (compound 3, 600 mg, 0.0014 moles, 1 eq) was 

taken in THF-H20 (1:1, 30 mL/30 mL). Li0H.H20 (0.293 g, 0.007 moles, 5 eq) was 

then added to the above reaction mixture and stirred at reflux for overnight. After 

completion of the starting material, the solvent was removed under reduced pressure 

to obtain the crude product. The crude product was washed with ethyl acetate. The 

aqueous layer was acidified with citric acid (pH = 4) and extracted again with ethyl 

acetate (2 x 25 mL). The combined organic layer was dried over Na2S04 and 

concentrated under reduced pressure. The resultant acid was further washed with 

hexane to get pure compound 4 (0.500 g, 89%). 

MS (400.24) 397.9 (M-2 peak, negative mode); JH NMR (200 MHz, DMSO-d6) 1.20 

(t, 3H), 4.18 (q, 2H), 7.10 (d, 1H), 7.10-7.20 (d, 3H), 7.60-8.0 (m, 4H), 10.6 (s, IH), 

12.6 (bs, IH). 
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General procedure for Compound 7: To a solution of 4-(5-bromo-2-

ethoxyphenylsulfonamido)benzoic acid (compound 4, 0.300 g, 0.00074 moles, 1 eq) 

in DMF (25 mL), EDCI (0.157 g, 0.00082 moles, 1.1 eq), HOBt (0.126 g, 0.00082 

moles, 1.1 eq) and DIPEA (0.48 mL, 0.0026 moles, 3.5 eq) were added at 0°C and 

stirred for 15 minutes. A solution of l-2-(methoxyphenyl) piperazine (Compound 6, 

0.171 g, 0.00074 moles, 1 eq) was then added at 0°C and then the resulting mixture 

was allowed to stir at room temperature for overnight. After completion of the 

reaction, water (30 mL) was added and extracted with ethyl acetate (2x30 mL). The 

combined organic layer was dried over anhydrous NaiSCU and concentrated under 

reduced pressure. The crude product was dissolved in EtOAc and to this pentane was 

added to yield compound 7 as a white solid which was filtered and dried (200 mg, 

46.5% yield). 

'H NMR (500 MHz, DMSO-d6) 1.30 (t, 3H), 2.80-3.0 (bs, 4H), 3.30-3.60 (bm, 4H), 

3.78 (s, 3H), 4.20 (q, 2H), 6.80-7.00 (m, 4H), 7.10-7.20 (m, 3H), 7.30-7.34 (d, 2H), 

7.70-7.75 (dd, IH), 7.80 (d, IH), 10.35 (s, IH); MS 574.0; MS base peak at 574.0; 

HPLC purity 97.80%. 

Synthesis of Compound 6: 

Scheme 3: 

/ 

BocN NH + B 
Cs2C03, 1,4-dioxane, 

80° C, overnight 

BINAP, Pd(OAc)2 
BocN 

MeO 
eiher/HCI 

rt. 2 h 

5 
MeO 

6 
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General procedure for Compound 5: In a two neck round bottom flask, rm-butyl 

piperazine-l-carboxylate (4.97 g, 0.0267 moles, 1 eq), 2-bromo anisole (5.0 g, 0.0267 

moles, 1 eq) and CS2CO3 (21.7 g, 0.0668 moles, 2.5 eq) were charged in degassed 

1,4-dioxane (100 mL) under N2 atmosphere. BINAP (1.49 g, 0.00240 moles, 0.09 eq) 

and Pd (OAc)2 (0.96 g, 0.00042 moles, 0.016 eq) were then added to the reaction 

mixture under N2 atmosphere and stirred at 80°C for overnight. The progress of the 

reaction was monitored by TLC. After completion of the starting material, the excess 

of solvent was distilled off under reduced pressure and the residue was diluted with 

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

Na2S04 and concentrated under reduced pressure. The crude product was purified by 

column chromatography (silica gel 60-120, 5-6%, ethyl acetate/hexane) to yield the 

desired product 5 as viscous oil (2.8 g, 36%). 
lH NMR (500 MHz, CDC13): 1.42 (s, 9H), 3.0 (m, 4H), 3.60 (m, 4H), 3.84 (s, 3H), 

6.80-7.00 (m, 4H); MS 293.1 (M+l peak). 

General procedure for Compound 6: In a two neck RB flask, tert-butyl- 4-(2-

methoxyphenyl) piperazine-l-carboxylate (compound 5, 0.600 g, 0.00205 moles, 1 

eq) was treated with ether-HCl (10 mL). The resulting mixture was stirred for 

overnight. After completion of the starting material as indicated by TLC, ether was 

removed under reduced pressure and a solid material was obtained. The solid material 

was washed with ethyl acetate and dried to obtain the amine compound 6 as a white 

solid (0.425 g, 90.08%), 

The following analogs were prepared utilizing the above procedure with various 

sulfonyl chlorides in place of compound 2. 

5-Chloro-2-nielhoxy-N-(4-(4-(2-inetlioxyphenyl)piperazine-l-

carbonyl)phenyl)benzene-sulfonamide (8) 
/ 

CI 8 
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Compound 8 was prepared from commercially available 2-Methoxy-5-

chlorobenzenesulfonyl chloride as shown in Scheme 2. 

*H NMR (500 MHz, DMSO-dg) 2.8-3.0 (bm, 4H), 3.40-3.78 (m, 4H), 3.80 (s, 3H), 

3.84 (s, 3H), 6.80-7.00 (m, 4H), 7.12 (d, 2H), 7.21 (d, IH), 7.30 (d, 2H), 7.65 (dd, 

IH), 7.74 (d, 1H); MS base peak at m/z 516; HPLC purity: 94.33% 

5-Bromo-2-niethoxy-N-(4-(4-(2-methoxyphenyl)piperazine-l-

carbonyI)phenyi)benzene-suIfonamide (9) 

The corresponding sulfonyl chloride was prepared from 4-bromophenol. O-

Methylation of 4-bromophenol followed by chlorosulfonic acid reaction gave 2-

methoxy-5-bromobenzenesulfonyl chloride which was utilized to produce compound 

9 as provided in Scheme 2. 
lU NMR (500 MHz, DMSO-d6) 2.90-3.00 (bm, 4H), 3.40-3.78 (m, 4H), 3.80 (s, 3H), 

3.84 (s, 3H), 6.80-7.00 (m, 4H), 7.10-7.18 (m, 3H), 7.30 (d, 2H), 7.70 (dd, IH), 7.74 

(d, IH); MS base peak at 562.0; HPLC purity: 94.36% 

N-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)phenyl)naphthalerie-2-

sulfonamide (10) 
/ 

10 

Commercially available naphthalene-2-sulfonyl chloride was utilized in place of 

compound 2 used to provide 10. 
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!H NMR (500 MHz, DMSO-d6) 2.80-3.00 (bm, 4H), 3.40-3.78 (m, 4H), 3.80 (s, 3H), 

6.80-7.00 (m, 4H), 7.10-7.30 (m, 4H), 7.60-7.80 (m, 3H), 8.00-8.20 (m, 3H), 8.50 (s, 

IH), 10.7 (s, IH); MS base peak at 504.2; HPLC purity: 93.65% (UPLC) 

5-Chioro-2-ethoxy-N-(4-(4-(2«methoxypheny!)piperazine-l-

carbonyl)pheiiyI)benzene-sulfonainide (XI) 

CI 11 

The corresponding sulfonyl chloride was prepared from 4-chlorophenoi. O-Ethylation 

of 4-chlorophenoi followed by a chlorosulfonic acid reaction under the appropriate 

conditions provided 2-ethoxy-5-chlorobenzenesulfonyl chloride which was utilized to 

prepare compound 11 as shown in Scheme 2. 

*H NMR (500 MHz, DMSO-d6) 1.30 (t, 3H), 2.80-3.0 (bs, 4H), 3.40-3.78 (bm, 4H), 

3.80 (s, 3H), 4.20 (q, 2H), 6.80-7.00 (m, 4H), 7.16 (d, 2H), 7.20 (d, IH), 7.38 (d, 2H), 

7.60 (d, IH), 7.80 (s, IH), 10.20 (s, IH); MS base peak at 530.1; HPLC purity 

97.48% 

N~(4~(4-(2-methoxyphenyI)piperaziiie-l-carbonyI)phenyr)benzene-sulfonamide 

(12) 

oX 

O-SpOs-O-t) 
12 

Compound 12 was prepared following Scheme 2 using benzenesulfonyl chloride. 
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NMR (500 MHz, DMSO-d6) 2.90-3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.84-6.98 (m, 4H), 7.15 (d, 2H), 7.30 (d, 2H), 7.56-7.64 (m, 3H), 7.80 (d, 2H), 10.6 

(s, IH); MS base peak at 452.6; HPLC purity 96.90%. 

N-(4-(4-(2-methoxypheny!)piperazine-l-carbonyl)phenyI)naphthalene-l-

sulfonamide (13) 

Compound 13 was prepared following Scheme 2 using commercially available 

naphthalene-1 -sulfony! chloride. 
lH NMR (500 MHz, DMSO-d6) 2.90-3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.84-6.98 (m, 4H), 7.10 (d, 2H), 7.24 (d, 2H), 7.62-7.78 (m, 3H), 8.08 (d, IH), 8.23 

(d, IH), 8.28 (d, IH), 8.72 (d, IH), 10.98 (s, IH); MS base peak at 502.1; HPLC 

purity 96.59%. 

2,6-Difluoro-N-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)phenyl)benzene-

sulfonamide (14) 

Compound 14 was prepared following Scheme 2 using commercially available 

2,6-difluorobenzenesulfonyl chloride. 
!H NMR (500 MHz, DMSO~d6) 2.90-3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.84-7.00 (m, 4H), 7.20 (d, 2H), 7.30 (t, 2H), 7.38 (d, 2H), 7.68-7.74 (m, 1H), 11.2 (s, 

IH); MS base peak at 488.1; HPLC purity 97.16%. 

13 

/ 

14 
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N-(4-(4-(2-methoxypIienyl)piperazine-l-carboiiyl)phenyl)quinoline-8-

sulfonamide (15) 

Compound 15 was prepared following Scheme 2 using commercially available 

quinoline-8-sulfonyl chloride. 
!H NMR (500 MHz, DMSO-d6) 2.90-3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.82 (d, 2H), 6.90-7.00 (m, 2H), 7.15-7.20 (2 doublets, 4H), 7.70-7.78 (m, 2H), 8.24 

(d, IH), 8.40 (d, IH), 8.50 (d, IH), 9.15 (bs, IH), 10.42 (s, IH); MS base peak at 

503.2; HPLC purity 97.11%. 

N-(4-(4-(2-methoxyplienyl)piperazine-l-carbonyl)phenyl)benzo[d]thiazoIe-5-

sulfonamide (17) 

Compound 17 was prepared from commercially available benzthiazole-6-sulfonyl 

chloride following the Scheme 2 protocol. 
:H NMR (500 MHz, DMSO-dfi) 2.90-3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.82-7.00 (m, 4H), 7.20 (d, 2H), 7.38 (d, 2H), 7.90 (d, IH), 8.22 (d, IH), 8.78 (s, IH), 

9.60 (s, IH), 10.70 (s, IH); MS base peak at 509.1; HPLC purity 97.29% 

N-(4-(4-(2-methoxypIienyl)piperazme-l-carbonyi)phenyl)-3,5-dimethylbenzene-

sulfonamide (18) 

15 

/ 

17 
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/ 

18 

Compound 18 was prepared from commercially available 3,5-

dimethylbenzenesulfonyl chloride following the protocol provided in Scheme 2. 
!H NMR (500 MHz, DMSO~d6) 2.35 (s, 6H), 2.80-2.90 (m, 4H), 3.42-3.78 (bm, 4H), 

3.80 (s, 3H), 6.88 (bs, 2H), 6.92-7.00 (m, 2H), 7.15 (d, 2H), 7.26 (s, IH), 7.33 (d, 2H), 

7.42 (s, 2H), 10.5 (s, IH); MS base peak at 480.3; HPLC purity 98.56%. 

N-(4-(4~(2-methoxyphenyl)piperazine-l-carbonyl)phenyi)2,3-

dihydrobenzo[b][l ,4]dioxine-6-sulfonamide (19) 
/ 

Compound 19 was prepared from commercially available 2,3-dihydrobenzodioxo-6-

sulfonyl chloride following the protocol provided in Scheme 2. 
]H NMR (500 MHz, DMSO-d6) 2.80-3.00 (m, 4H), 3.42-3.78 (bm, 4H), 3.80 (s, 3H), 

4.25 (m, 4H), 6.86-6.88 (m, 2H)t 6.92-6.98 (m, 2H), 7.00 (d, IH), 7.15 (d, 2H), 7.24 

(s, IH), 7.26-7.30 (dd, IH), 7.34 (d, 2H),10.5 (s, IH); MS base peak at 510.3; HPLC 

purity 97.02%. 

5-Chloro-2-methoxy-N-(4-(4-(2-methoxyphenyl)-l,4-diazepane-l-

carbonyl)phenyl)benzene- sulfonamide (19a) 

19 

CI 19a 
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Compound 19a was prepared according to Scheme 2. N-boc-homopiperazine was 

utilized in place of N-Boc-piperazine to prepare the N-2-methoxyphenyl-

homopiperazine intermediate through a Buchwald reaction as provided in Scheme 3. 
lH NMR (500 MHz, DMSO-d6) 1.70 (s, IH), 1.90 (s, IH), 3.10-3.40 (m, 9H), 3.60-

3.80 (m, 2H), 3.82 (s, 3H), 6.70-6.82 (m, 4H), 6.96-7.30 (in, 5H), 7.66 (t, IH), 7.74 (s, 

IH), 10.40 (d, 1H);MS base peak at 530.1; HPLC purity 95.89%. 

N-(4-(4-(2-methoxyphenyl)-l,4-diazepanc-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (19b) 

NMR (500 MHz, DMSO-d6) 1.70 (s, IH), 1.90 (s, IH), 3.10-3.40 (m, 8H), 3.58-

3.80 (m, 3H), 6.58 (d, IH), 6.70-7.20 (m, 7H), 7.80 (m, 2H), 8.30 (t, IH), 8.40 (d, 

IH), 8.56 (t, IH), 9.18 (s, IH), 10.40 (d, IH) ; MS base peak at 517.2; HPLC purity 

97.60%. 

N-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)phenyI)2-

niethyIbenzo[d]thiazoIe-4-suifoiiamide (35) 

2-methylbenzothiazole-4-sulfonyl chloride was prepared according to U.S. Patent 

4,643,759. Compound 35 was prepared following the general procedure described in 

Scheme 2. 

19b 

35 
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3H NMR {500 MHz, DMSO-d6) 2.80 (s, 3H), 3.00 (bs, 4H), 3.40-3.78 (m, 4H), 3.80 

(s, 3H), 6.90 (s, 2H)f 6.90-7.0 (m, 2H), 7.18 (d, 2H), 7.30 (d, 2H), 7.82 (d, IH), 8.04 

(d, IH), 8.60 (s, IH), 10.6 (IH); MS base peak at 523.4; LCMS purity 97.38% 

N-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyI)phenyl)thiophene-2-

sulfonamide (36) 

Compound 36 was prepared from commercially available thiophene-2-sulfonyl 

chloride according to the general procedure described in Scheme 2. 
]H NMR (500 MHz, DMSO-d6) 2.90-3.00 (bs, 4H), 3.30-3.78 (bm, 4H), 3.80 (s, 3H), 

6.80-6.90 (m, 2H), 6.90-7.0 (m, 2H), 7.18 (d, IH), 7.20 (d, 2H), 7.40 (d, 2H), 7.60 (s, 

IH), 7.94 (d, IH), 10.70 (s, IH); MS base peak at 458.2; HPLC purity 95.02%. 

Synthesis of Phenyl analogues: 

Scheme 4 

36 
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Compound 22: 
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BocN NH + r I) *- BocN N—\ •»- CIH.HN N—u /> 
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3 

Procedure for the synthesis of compound 20: To a solution of 2-methoxy-5-

chlorobenzenesulfonyl chloride (878 mg, 0.00362 moles, 1.5 eq) in dichloromethane 

was added a solution of ethyl 4-aminobenzoate (400 mg, 0.00242 moles, 1 eq) in 1:1 

ratio of pyridine and DCM (5 mL/5 mL) under nitrogen atmosphere at 0°C. The 

reaction mixture was stirred at room temperature overnight. The progress of the 

reaction was monitored by TLC. Upon completion, the reaction mixture was diluted 

with DCM, washed twice with water, and dried with anhydrous sodium sulphate. The 

organic layer was concentrated, dried, washed with ether followed by n-hexane and 

dried to provide 20 as an off- white solid (0.8 g, 89% yield). 
!H NMR (500 MHz, CDCI3) 1.34 (t, 3H), 4.0 (s, 3H), 4.22-4.32 (q, 2H), 6.90 (d, IH), 

7.16 (d, 2H), 7.20 (s, IH), 7.84 (s, IH), 7.92 (d, 2H). 

Procedure for the synthesis of compound 21: LiOH (226 mg, 0.0049 moles, 4 eq) 

was added to a stirred solution of compound 20 (500 mg, 0.0013 moles, 1 eq) in THF-

H2O mixture (1:1 ration, 30ml/30ml) and heated at reflux overnight. The progress of 

the reaction was monitored by TLC. Upon completion, the reaction mixture was 
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acidified with citric acid to pH 4 and extracted with ethyl acetate. The ethyl acetate 

layer was washed with water, dried over sodium sulfate and distilled. The resulting 

solid 21 was dried and used without purification in the following step (400 mg, 87% 

yield). 
lH NMR (500 MHz, DMSO-d6) 3.82 (s, 3H), 7.10-7.22 (m, 3H), 7.62 (d, IH), 7.88-

7.92 (m, 3H), 10.64 (s, 1H), 12.70 (s, IH). 

Procedure for the synthesis of compound 22: The synthesis of compound 22 was 

carried out following a procedure similar to compound 5 utilizing bromobenzene in 

place of 2-bromoanisole. MS 263 (M+l peak). 

Procedure for the synthesis of compound 23: Compound 22 (500 mg) was 

dissolved in 30 ml of ether/HCl and stirred for 2 hrs at room temperature under a 

nitrogen atmosphere. The reaction mixture was distilled under reduced pressure to 

remove ether, washed with pentane and dried over sodium sulfate to obtain compound 

23 (300 mg, 97% yield). 
lH NMR (500 MHz, DMSO-d6) 3.10-3.20 (m, 4H), 3.40-3.42 (m, 4H), 6.80 (t, IH), 

7.00 (d, 2H), 7.22 (t, 2H), 9.0 (bs, IH), 9.40 (bs, 2H). 

Procedure for the synthesis of compound 24: To a stirred solution of compound 21 

(100 mg, 0.00029 moles, 1 eq) in DMF (10 mL) was added EDCT (62 mg, 0.00032 

moles, 1.1 eq), HOBt (50 mg, 0.00032 moles, 1.1 eq) and DIPEA (0.16 ml, 0.00088 

moles, 3 eq) at 0°C under a nitrogen atmosphere. The reaction mixture was stirred for 

5 minutes at 0°C and then at room temperature for 30 minutes. A solution of 

compound 23 (59 mg, 0.00029 moles, 1 eq) dissolved in DMF and half equivalent of 

DIPEA was added slowly to the above reaction mixture at 0°C and allowed to stir at 

room temperature overnight. The reaction was monitored by TLC. Upon completion, 

the reaction mixture was washed with water and extracted with ethyl acetate. The 

organic layer was dried over sodium sulfate and concentrated under vacuum. The 

crude product was purified by crystallization with an ethyl acetate/hexane solvent 

mixture to obtain compound 24 in 24.6% yield (35 mg). 
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CI 24 

*H NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.7B (bm, 4H), 3.82 (s, 3H), 

6.80 (t, IH), 6.90 (d, 2H), 7.14 (d, 2H), 7.20 (t, 3H), 7.30 (d, 2H), 7.62-7.66 (dd, IH), 

7.74 (ds IH), 10.40 (s, 1H); MS base peak at 486.0; HPLC purity 97.34%. 

**Compounds 25 to 30 were prepared following a protocol similar to that described 

in Scheme 4. 

N-(4-(4-pheiiylpiperazine-l-carbonyl)pheiiyI)benzenesulfonamide (25) 

25 

Compound 25 was prepared using benzenesulfonyl chloride following a protocol 

similar to that shown in Scheme 4. 
3H NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.78 (bm, 4H), 6.80 (t, IH), 

6.92 (d, 2H), 7.10-7.35 (m, 6H), 7.50-7.70 (m, 3H), 7.80 (d, 2H), 10.60 (s, IH); MS 

base peak at 422.0; HPLC purity 97.92%. 

4-Fluro-N-(4-(4-phenyIpiperazine-l-carbonyl)phenyl)benzeiiesuifonamide (26) 

26 

Compound 26 was made using 4-fluorobenzenesulfonyl chloride following a similar 

procedure as provided in Scheme 4. 
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*H NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.80 (bm, 4H), 6.80 (t, IH), 

6.94 (d, 2H), 7.14 (d, 2H), 7.20 (t, 2H), 7.32 (d, 2H), 7.35 (t, 2H), 7.80-7.90 (m, 2H), 

10.6 (s, IH); MS base peak at 440.1; HPLC purity 96.72%. 

3-ChIoro-N-(4-(4-phenylpiperazine-l-carbonyl)phenyI)benzenesulfonamide (27) 

"X^rOrOO 
27 

Compound 27 was prepared using ommercial 3-chlorobenzenesulfonyl chloride 

following a similar procedure as provided in Scheme 4. 

'H NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.80 (bm, 4H), 6.80 (t, IH), 

7.00 (d, 2H), 7.18-7.22 (m, 4H), 7.38 (d, 2H), 7.60 (t, IH), 7.70-7.80 (m, 3H), 10.6 (s, 

IH); MS base peak at 456.2; HPLC purity 97.25%. 

3-Methoxy-N-(4-(4-phenylpiperaziiie-l-carbony])phenyI)benzenesu!fonamide 

(28) 

28 

Compound 28 was prepared using 3-methoxybenzenesulfonyl chloride according to 

the general procedure provided in Scheme 4. 
!H NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.78 (bm, 4H), 3.80 (s, 3H), 

6.80 (t, IH), 6.95 (d, 2H), 7.1,4-7.24 (m, 5H), 7.28 (bs, IH), 7.32-7.40 (m, 3H), 7.50 

(t, IH), 10.6 (s, IH); MS base peak at 452.2; HPLC purity 93.60%. 

2-ChIoro-N-(4-(4-phenylpiperazine-l-carbonyI)phenyl)benzenesuIfonamide (29) 

29 
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Compound 29 was prepared using commercially available 2-chlorobenzenesulfonyl 

chloride according to the general procedure provided in Scheme 4. 

Hi NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.78 (bm, 4H), 6.80 (t, IH), 

6.95 (d, 2H), 7.16-7.38 (m, 6H), 7.58 (t, IH), 7.64 (d, 2H), 8.10 (d, IH), 10.90 (s, 

IH); MS base peak at 456.2; HPLC purity 99.21%. 

N-(4-(4-pheny[piperazine-l-carboiiyi)phenyI)naphthalene-l-sulfonamide (30) 

Compound 30 was prepared using commercially available naphthalene-l-sulfonyl 

chloride according to the general procedure provided in Scheme 4. 
JH NMR (500 MHz, DMSO-d6) 3.10-3.20 (bs, 4H), 3.40-3.78 (bm, 4H), 6.80 (t, IH), 

6.95 (d, 2H), 7.08 (d, 2H), 7.10-7.30 (m, 4H), 7.70-7.80 (m, 3H), 8.10 (d, IH), 8.20-

8.30 (m, 2H), 8.76 (d, IH), 11.0 (s, IH); MS base peak at 472.3; HPLC purity 

99.14%. 

N-(4-(4-phenylpiperazine-l-carbonyl)phenyl)quinoIine-8-sulfoiiamide (30a) 

NMR (500 MHz, DMSO-d6) 3.00-3.20 (bm, 4H), 3.30-3.70 (bs, 4H), 6.80 (t, IH), 

6.90 (d, 2H), 7.10-7.22 (m, 6H), 7.70-7.80 (m, 2H), 8.30 (d, IH), 8.44 (d, IH), 8.56 

(d, IH), 9.18 (d, IH), 10.42 (s, IH); MS base peak at 473.2; HPLC purity 98.50%. 

Synthesis of 4-Methoxy phenyl analogues 

Scheme 5: 

30 

30a 
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Synthesis of compound 31: 
To a solution of 4-bromoanisole (2.0 g, 0.0106 moles, 1 eq) in 1,4-dioxane (30 mL), 

N2 gas was purged for 30 minutes at room temperature followed by the addition of 

CS2CO3 (7.64 g, 0.023 moles, 2.2 eq), BINAP (598 mg, 0.00096 moles, 0.09 eq), 

Pd(OAc)2 (38 mg, 0.00017 moles, 0.016 eq) and tetrabutylammonium iodide (15 mg). 

The reaction mixture was purged with nitrogen again for another 15 minutes followed 

by addition of N-Boc-piperazine (2.38 g, 0.0128 moles, 1.2 eq). The reaction mixture 

was heated at 80°C overnight and monitored by TLC. The excess solvent was distilled 

off under reduced pressure and the residue was diluted with water and extracted with 

ethyl acetate. The organic layer was separated, washed once again with water, dried 

over sodium sulfate and concentrated. The crude material was purified by column 

chromatography using 60-120 mesh silica gel (15% Ethyl acetate/hexane) to afford 

1.5 g (48.3% yield) of compound 31. 

Synthesis of compound 32: Compound 31 was stirred at room temperature for 2 hrs 

in 60 ml of ether/HCL The excess of solvent was removed under reduced pressure and 

the resultant solid was washed with n-hexane and dried to obtain 780 mg (99.7% 

yield) of compound 32. 

5-ChIoro-2-methoxy-N-(4-(4-(4-methoxyphenyl)piperazine-l-

carbonyl)phenyl)benzene- sulfonamide (33) 
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OMe 

Compound 33 was prepared following the protocol described for compound 24 in 

Scheme 4. 
'H NMR (500 MHz, DMSO-d6) 3.00 (bs, 4H), 3.40-3.70 (m, 7H), 3.80 (s, 3H), 6.80-

6.90 (dd, 4H), 7.14 (d, 2H), 7.22 (d, 3H), 7.30 (d, 2H), 7.62-7.66 (dd, IH), 7.74 (d, 

IH), 10.4 (s, IH); MS base peak at 557.1; HPLC purity 94.14%. 

5-Fluoro-2-methoxy-N-(4-(4-(4-methoxyphenyl)piperazine-l-

carbonyi)phenyl)benzene- sulfonamide (34) 

Compound 34 was prepared following the general protocol provided in Scheme 4 

starting from 2-methoxy-4-fluorobenzenesulfonyl chloride. 
!H NMR (500 MHz, DMSO-d6) 3.00 (bs, 4H), 3.40-3.70 (m, 7H), 3.82 (s, 3H), 6.80-

6.90 (dd, 4H), 7.14 (d, 2H), 7.20 (dd, IH), 7.30 (d, 2H), 7.46-7.49 (m, IH), 7.60 (dd, 

IH), 10.4 (s, IH); MS base peak at 500.2; HPLC purity 95.48%. 

Synthesis of 4-Chloro pyrimidine analogues: 
Scheme 6: 
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Preparation of compound 37: 2,4-dichloropyrimidine (801 mg, 0.0053 mole, 1 eq), 

N-Boc-piperazine (1.0 gm, 0.0053 mole, 1 eq) and sodium bicarbonate (903 mg, 

0.0307 mole, 2 eq) were dissolved in ethanol (50 ml) and stirred at reflux for 1 h. 

Progress of the reaction was monitored by TLC. The excess solvent was removed, 

dissolved in water and extracted with DCM. The organic layer was washed with 

water, dried with sodium sulfate and concentrated under reduced pressure. The crude 

product was purified on silica gel (60-120 mesh) using 15% ethyl acetate-hexane to 

afford coupled product compound 37 (230 mg). 
lH NMR (500 MHz, CDC13) 1.5 (s, 9H), 3.5 (m, 4H), 3.80 (m, 4H), 6.80 (d, IH), 8.20 

(d, IH). 

Preparation of compound 38: A solution of compound 37 in 20 ml of ether/HCI 

was allowed to stir at room temperature under nitrogen atmosphere for 1 h. The 

excess solvent was distilled off under reduced pressure and the crude material was 

washed with n-pentane and dried to yield 180 mg of compound 38 in quantitative 

yield. 
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Preparation of compound 39: To a stirred solution of compound 21 (109 mg, 0.31 

mmole, 1.0 eq) in DMF (15 mL), was added EDCI (67 mg, 0.35 mmoles, 1.1 eq), 

HOBt (53.7 mg, 0.35, 1.1 eq) and DIPEA (2.0 eq) at 0°C under a nitrogen 

atmosphere. The reaction mixture was allowed to stir at room temperature for 30 

minutes. A solution of compound 38 (75 mg, 0.319 mmoles, 1 eq) in 5 ml of DMF 

and 1.5 eq of DIPEA was added slowly to reaction mixture at 0°C and stirred at room 

temperature for 12 h. The reaction was monitored by TLC. After completion, the 

reaction mixture was quenched with water and extracted with ethyl acetate. The 

organic layer was separated, dried over sodium sulfate and concentrated under 

reduced pressure. The crude product was purified on silica gel column (60-120 mesh) 

using 2% MeOH-DCM to afford 30 mg of compound 39 in 18% yield. 

5-ChIoro-N-(4-(4-(4-Chloropyrimidin-2-yl)piperazine-l-carbonyI)phenyl)-2-

methoxy benzenesulfonamide (39) 

NMR (500 MHz, DMSO-d6) 3.35-3.60 (bs, 4H), 3.70-3.78 (bm, 4H), 3.80 (s, 3H), 

6.78 (d, IH), 7.16 (d, 2H), 7.22 (d, IH), 7.36 (d, 2H), 7.66 (d, IH), 7.80 (s, IH), 8.18 

(s, IH), 10.50 (s, IH); MS base peak at 522.1; HPLC purity 96.50%. 

N-(4-(4-(4-Chloropyrimidin-2-yI)piperazine-l-carbonyl)phenyl)-4-fluoro 

benzenesulfonamide (40) 

Compound 40 was prepared in-part by following the protocols established for die 

compound 38 coupling of pyrimidine as provided in Scheme 6 and subsequently by 

following general procedures as described in Scheme 4 starting from 

4-fliiOfobenzenesuifony] chloride. 
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!H NMR (500 MHz, DMSO~d6) 3.35-3.60 (bs, 4H), 3.70-3.78 (bm, 4H), 6.78 (d, IH), 

7.18 (d, 2H), 7.38 (d, 2H), 7.42 (d5 2H), 7.82 (d, 2H), 8.38 (d, IH), 10.60 (s, IH); MS 

base peak at 476.2; HPLC purity 97.89%. 

Synthesis of 2-pyrimidine analogues 
Scheme 7: 

0Me 
S02Ci H2N—V-COOEt 

CI 21 

OMe r\ 

Pyridine, DCM, 12 h 
r t 

COOH 
HN H—y 

\ / hl=/ 

COOEt 

LiOH 

THF-H20 (9:1) 

EDCI, HOBt 
DIPEA, DMF, /—' O 

12 h. rt CI 

f54^o§-o~0 
compound 43 

Compound 42: 

Br 

*0+ NaHCOS, EtOH K/~^M,U=\ ether/HCI 
BocN N—^ )) 1 

reflux, 1 h N—/ N—' rt, 2 h 
41 

CIH.HN N—^ 
\—/ N—^ 

42 

Preparation of compound 41: To a solution of 2-bromopyrimidine (500 mg, 

0.003144 moles, 1 eq) in ethanol (50 ml) was added sodium bicarbonate (528 mg, 

0.0062 moles, 2 eq) followed by N-Boc-piperazine (585 mg, 0.0031 moles, 1.0 eq). 

The reaction mixture was allowed to stir at reflux for 1 h and monitored by TLC. 

Upon completion, the excess solvent was removed under reduced pressure. The crude 

material was diluted with water and extracted with ethyl acetate. The organic layer 

was dried over sodium sulphate and concentrated. The crude material was washed 

with hexane and dried to obtain 400 mg of compound 41 (48% yield). 

Preparation of compound 42: A solution of compound 41 (400 mg) in ether/HCI (30 

ml) was stirred at room temperature for 2 hrs and monitored by TLC. After 2 hrs, the 
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reaction mixture was concentrated under reduced pressure to yield compound 42 (300 

mg, 98% yield) which was subsequently washed with hexane and used without 

purification. 

Preparation of compound 43: To a solution of compound 21 (100 mg, 0.00029 

moles, 1 eq) in DMF (15 mL) was added EDCI (61.5 mg, 0.00032 moles, 1.1), HOBt 
(49.28 mg, 0.00032 moles, 1.1 eq) and 1.5 equivalents of DIPEA at 0°C and stirred at 

room temperature for 30 minutes. To this, a solution of compound 42 in DMF (5 ml) 

and 2 eq of DIPEA was added at 0°C and stirred at room temperature overnight. The 

reaction mixture was quenched with water and extracted with ethyl acetate. The 

organic layer was washed with water, dried over sodium sulfate and concentrated 

under reduced pressure to provide the crude product. The crude material was purified 

on a silica gel (230-400 mesh) column with 3% MeOH/DCM to yield compound 43 in 

31.6% yield (45 mg) . 

5-Chioro-2-methoxy~N-(4-(4-(pyrimidin-2-yI)piperazine-l-

carbonyl)phenyl)benzene- sulfonamide (43) 

*H NMR (500 MHz, DMSO-d6) 3.35-3.70 (bm, 4H), 3.70-3.80 (bm, 4H), 3.82 (s, 

3H), 6,62 (d, IH), 7.15 (d, 2H), 7.22 (d, IH), 7.34 (d, 2H), 7.62-7.66 (dd, IH), 7.75 

(d, IH), 8.40 (s, 2H), 10.5 (s, IH); MS base peak at 488.3; HPLC purity 97.47%. 

4-Chloro-N-(4-(4-(pyrimidin-2-yl)piperazine-l-

carbonyI)phenyl)benzenesulfonamide (44) 

44 
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Compound 44 was prepared from 4-chlorobenzenesulfonyl chloride following the 

protocol described in Scheme 7 and utilizing the general procedure described in 

Scheme 4. 
]H NMR (500 MHz, DMSO-d6) 3.35-3.70 (bm, 4H), 3.70-3.80 (bm, 4H), 6.62 (t, IH), 

7.18 (d, 2H), 7.38 (d, 2H), 7.62 (d, 2H), 7.80 (d, 2H), 8.40 (d, 2H), 10.62 (s, IH); MS 

base peak at 458.2; HPLC purity 98.41%. 

N-(4-(4-(pyrimidin-2-yl)piperazine-l-carbonyI)pheny5)quinoline-8-suifonamide 

(45) 

Compound 45 was prepared from 4-chlorobenzenesulfonyl chloride following the 

protocol described in Scheme 7 using the general procedure provided in Scheme 4. 
lU NMR (500 MHz, DMSO-d6) 3.30-3.80 (bm, 8H), 6.62 (t, IH), 7.18 (d, 2H), 7.22 

(d, 2H), 7.64-7.80 (m, 2H), 8.30 (d, IH), 8.38 (d, 2H), 8.42 (d, IH), 8.58 (d, IH), 9.18 

(d, I H), 10.42 (s, IH); MS base peak at 475.2; HPLC purity 99.52%. 

Synthesis of Pyrazine analogues: 

Scheme 8: 

45 
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Ci Pyridine, DCM, 12 h 
rt 

COOEt 

LiOH 

THF-H20 
(9:1) 

OMe r\ 
COOH 

/—\ _jT\ HN N—(' x> N—/ w 
(47) 

EDCI, HOBt 
DIPEA, DMF, 

12 h, rt 

\\ 
/—\ 

CI 
\ / II 
/— O 

compound 48 

N- " 

Compound 47: 

CI 

BocN NH + 
\ / 

Cs2C03,DMF /=N ether/HC1 
_ BocN H-\ . 

100°C, 12 h — N— rt, 2 h 

/—\ /=N 
CIH.HN N—(\ /) 

N—/ AN-/ 
47 

Preparation of compound 46: To a solution of 2-chloropyrazine (500 mg, 0.0027 

moles, 1 eq) in DMF (20 ml) was added cesium carbonate (1.7 g, 0.0052 moles, 2 eq) 

followed by N-Boc-piperazine (506.8 mg, 0.0027 moles, 1.0 eq). The reaction 

mixture was heated at 100°C for 12 hrs and monitored by TLC. Upon completion, the 

excess solvent was removed under reduced pressure and the crude material was 

diluted with water and extracted with ethyl acetate. The organic layer was dried over 

sodium sulfate and concentrated. The crude material was washed, purified on silica 

gel (60-120 mesh) using 30% ethylacetate-hexane to provide 400 mg of compound 46 

(44.1% yield). 

Preparation of compound 47: A solution of compound 46 (250 mg) in ether/HCI (30 

ml) was stirred at room temperature for 1 h and monitored by TLC. After 1 h, the 

reaction mixture was concentrated under reduced pressure to yield compound 47 (200 

mg, 98% yield) which was washed with hexane and used without further purification. 

Preparation of compound 48: To a solution of compound 21 (100 mg, 0.00029 

moles, 1 eq) in DMF (15 mL) was added EDCI (61.5 mg, 0.00032 moles, 1.1), HOBt 
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(49.28 mg, 0.00032 moles, 1.1 eq) and 1.5 equivalents of DIPEA at 0°C and stirred at 

room temperature for 30 minutes. To this, a solution of compound 47 (58.7 mg, 

0.00029 moles, 1 eq) in DMF (5 ml) and 3 eq. of DIPEA was added at 0°C and stirred 

at room temperature for 12 h. The reaction mixture was quenched with water and 

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

sodium sulfate and concentrated under reduced pressure to provide the crude product. 

The crude material was subsequently purified on silica gel (60-120 mesh) with ethyl 

acetate to yield compound 48 in 31.6% yield (45 mg). 

5-Chloro-2-methoxy-N-(4-(4-(pyrazin-2-yi)piperazine-l-

carbonyl)phenyI)benzene- sulfonamide (48) 

*H NMR (500 MHz, DMSO-d6) 3.35-3.70 (bm, 8H), 3.82 (s, 3H), 7.14 (d, 2H), 7.22 

(d, IH), 7.33 (d, 2H), 7.62-7.68 (dd, IH), 7.74 (d, IH), 7.86 (d, IH), 8.10 (bs, IH), 

8.30 (s, IH), 10.56 (s, IH); MS base peak at 488.2; HPLC purity 92.55%. 

N-(4-(4-(pyrazin-2-yI)piperaz!ne-1-carbonyI)phenyl)qumoline-8-suSfonamide (49) 

Compound 49 was prepared from quinoIine-8-sulfonyl chloride as described in 

Scheme 8 using the general procedure provided in Scheme 4. 

'H NMR (500 MHz, DMSO-d6) 3.35-3.70 (bm, 8H), 7.12 (d, 2H), 7.22 (d, 2H), 7.68-

7.78 (m, 2H), 7.84 (s, 1H), 8.08 (s, IH), 8.24 (d, 2H), 8.42 (d, IH), 8.52 (d, IH), 9.19 

(s, IH), 10.50 (s, IH); MS base peak at 475.2; HPLC purity 98.10%. 

Synthesis of pyridine analogues 

Scheme 9: 

N 

49 
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Preparation of compound 50: To a suspension of NaH (94 mg, 3.94 mmole, 2 eq) 

in DMF (20 mL) was added methyl-2-amino-pyridine-5-carboxyiate (300 mg, 1.97 

mmole, 1 eq) and stirred at room temperature for 30 minutes. A solution of 5-chloro-

2-methoxybenzenesulfonyl chloride (570 mg, 2.36 mmole, 1.2 eq) was added slowly 

at room temperature and stirred for an additional 2 hrs. The reaction was monitored by 

TLC which showed 50% of the starting material remaining and continuation of the 

reaction failed to show improvement. The reaction mixture was quenched with water 

and extracted with ethyl acetate. The organic layer was separated, dried over sodium 

sulfate and concentrated under reduced pressure. The crude product 50 containing 

50% of the starting ester was used without further purificationsd for the next step. 

Preparation of compound 51: To a solution of compound 50 (270 mg) in THF/H2O 

was added lithium hydroxide (0.160 g, 5 eq, 3.786 mmole). The resulting reaction 

mixture was heated to reflux and stirred for 4 hrs. Upon completion, the reaction 

mixture was diluted with water and extracted with ethyl. The aqueous layer was 

acidified with citric acid and extracted with ethyl acetate. The organic layer was 

separated and dried over sodium sulfate and concentrated under reduced pressure. The 

crude acid 51 (90 mg, 36% yield) used without further purification. 
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Preparation of compound 52: To a solution of compound 51 (90 mg, 0.263 mmole, 

1 eq) in DMF (15 mL) was added PyBOP (205 mg, 0.395 mmole, 1.5 eq) at 0°C and 

stirred for 5 minutes. To this, a solution of compound 6 (60.2 mg, 0.2635 mmole, 1 

eq) in 5 ml of DMF and 3 eq of DIPEA was added at 0°C and stirred at room 

temperature overnight. Upon completion, the excess solvent was removed in vacuo 

and the residue was diluted with water and extracted with ethyl acetate. The organic 

layer was separated, washed with water and dried over sodium sulfate and 

concentrated under reduced pressure. The crude product was purified by silica gel 

column chromatography (60-120 mesh) using 1-2% MeOH/DCM to yield compound 

52 in 33% yield (45 mg). 

5-Chloro-2-methoxy-N-(5-(4-(2-methoxyphenyl)piperazine-l-carbonyl)pyridin-2-

yl)benzenesulfonamide (52) 

!H NMR (500 MHz, DMSO-d6) 3.00 (bs, 4H), 3.40-3.78 (bm, 4H), 3.9 (s, 6H), 6.90 

(s, 2H), 6.92-7.00 (m, 2H), 7.20 (d, IH), 7.60-7.62 (m, IH), 7.80-7.82 (m, 2H), 8.18 

(s, IH), 11.4 (bs, IH); MS base peak at 517.2; HPLC purity 97.65%. 

N-(5-(4-(2-methoxyplienyI)piperazine-l-carbonyI)pyridin-2-yI)quinoIine-8-

sulfonamide (53) 

53 

lB NMR (500 MHz, DMSO-d6) 2.90 (bs, 4H), 3.40-3.70 (bm, 4H), 3.80 (s, 3H), 6.80-

7.20 (m, 5H), 7.60-7.80 (m, 3H), 8.10 (s, IH), 8.30 (d, IH), 8.50 (d, 2H), 9.0 (s, IH); 

MS base peak at 504.2; HPLC purity 98.92%. 

Synthesis of benzyl analogs 

74 



WO 2011/002817 

Scheme 10 

S02Ci 

Et02C-<\ />—NH2 

54 

LiOH 

_ H _ BocN 
JTVNAJ + f^Boc —-

n nr^\J HN^J DIPEA, DMF 
2 ^ ° Oi // 57a 0 °C. rt 

56 

HN" \ H 
1) MeOH-HCl, rt 

2) NaHC03 

60-72,80-82 
STAB- Sodium fri-acetoxyborohydride 

SO,CI 

HOOC 

57b = n= I, X = CH2 

57c - n = 1, X ~ CH2 
57d = n = 1, X = CH2 

57e = n= 1, X = CH2 

57f = JI = 2, X = CH2 
57g = n = 1, X = C=0 

73-78= n = 1. X = CH2 
79= n = 2, X= CH2 
83= n = 1, X = C=0 

S. No. R R' n S. No. R R' n 

60 
i 

JVW 

A1 
60a 

H 1 72 Q 
72a 

II 1 

61 
i 

JVA/V 

Jb 
61a 

H 1 73 
f=\ 

SyN 
*/vw 

I 

73a 

H 1 

75 



WO 2011/002817 PCT/US2010/040486 

62 

62a 

H 1 74 (N=^ 

74a 

H 1 

63 ,JC? 
63a 

H 1 75 a" 
75a 

II 1 

64 

64a 

H 1 76 a" 
75a 

Na+ 1 

65 

O 
65a 

H 1 77 O" 
75a 

CH3SO3 1 

66 

66a 

H 1 78 n* 
78a 

H 1 

67 jy 
67a 

H I 79 a" 
75a 

H 2 

68 
I »/vw JY 

NC^ 
68a 

H 1 80 M-
80a 

H 1 

69 

69a 

H 1 81 xvV 
81a 

H 1 

70 Q 
70a 

H 1 82 CCe, 
82a 

H 1 

71 iy 
Ct^N 

71a 

e 1 83 o* 
83a 

e 1 

Preparation of compound 55: 
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EtO,C 

To a solution, of ethyl 4-am.inobenzoate (16 g, 96.85 mmol) in a mixture (1:1) of 

DCM and pyridine, sulfonyl chloride 54 (27.56 g, 121.07 mmol) was added at room 

temperature under an N2 atmosphere. The resulting mixture was allowed to stir for 16 

hrs. Upon completion of the reaction, the crude mixture was diluted with DCM, 

washed with water followed by IN HC1. The resulting organic layer was then dried 

over Na2S04 and concentrated under reduced pressure to afford product 55 in 98% 

yield (34 g). 

Preparation of compound 56: 

To a solution of sulfonamide 55 (34 g, 95.5 mmol) in THF and water (1:1) was added 

LiOH (20 g, 47.66 mmol). The resulting mixture was allowed to stir at 80 °C 

overnight. After completion of the reaction, the crude mixture was washed with 

EtOAc. The aqueous layer was acidified with citric acid and filtered. The obtained 

solid was then washed with Et20 and azeotroped with toluene under reduced pressure 

to afford acid product 56 (30 g, 95.8% yield). 

General procedure for compound 57b - 57f (Scheme 11): To a solution of N-Boc 

piperazine in DMF, corresponding bromide, R-Br (R = 20- 23, see Table 1) was 

added followed by addition of K2CO3. The resulting mixture was allowed to stir at 80 

°C for 3 days. After completion of the reaction, DMF was removed under reduced 

pressure, the resulting residue was diluted with water and extracted with EtOAc. The 

organic layer was washed with water, dried over Na2S04 and concentrated. The 

residue was purified by column chromatography to afford products 57b - 57f in good 

yields. 
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Preparation of compound 57g (Scheme 2): The synthesis of compound 57g was 

done from 2-picolinic acid (1.0 g, 8.12 mmol) by following a similar procedure as 

described for the preparation of compound 58 in scheme 10 by using amine N-Boc 

piperazine to afford product 57g in 76.10% yield (1.80 g). 

Preparation of compound 58: 

To a solution of acid 56 (2.0 g, 6.09 mmol) in DMF, PyBoP (Benzotriazole-l-yl-oxy-

tris-(dimethylamino)-phosphonium hexafluorophosphate) (4.75 g, 9.14 mmol) was 

added at 0 °C and allowed to stir for 5 minutes. This was followed by addition of 

amine 57a (1.13 g, 6.09 mmol) at 0°C under N2 atmosphere and stirred overnight at 

room temperature. After completion of reaction, the resulting mixture was diluted 

with water and extracted with EtOAc. The organic layer was washed with water, 

dried over Na2S04, and evaporated under reduced pressure. The residue was purified 

by column chromatography (silica gel, 60-120 mesh; MeOH-DCM, 2:8) to afford 

product 58 in 66% yield (2.0 g). 

Preparation of compound 6: 

To a solution of MeOH HCl, Boc protected amine 5 (2 gm, 4.03 mmol) was added 

and the resulting mixture was stirred for 1 hr. After completion of reaction, solvent 

was removed under reduced pressure, washed with water followed by addition of 

NaHCOs and extracted with DCM. The organic layer was dried over Na2S04 and 

evaporated under reduced pressure to afford product 6 (1.5 gm, 94.30% yield). 
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Preparation of compound 60: 

o 

To a solution of amine 59 (0.1 g, 0.25 mmoles) and aldehyde 60a (0.04 g, 0.27 mmol) 

in DCM, acetic acid (0.2 mL) was added at room temperature and the resulting 

mixture was allowed to stir for 30 min. Then STAB (0.26 g, 1.26 mmol) was added 

and the resulting mixture was allowed to stir at 50 °C for 1 hr. After completion of 

reaction, the crude mixture was diluted with DCM, washed with water, dried over 

Na2S04 and concentrated under reduced pressure. The residue was purified by 

column chromatography (silica gel, 60-120 mesh; MeOH-DCM, 2:8) to afford 

product 60 (0.05 g, 38.40% yield). lB NMR (400 MHz, CDC13) 8 2.40 (br d, 4H), 

3.38 (br s, 2H), 3.48 (s, 2H), 3.68 (br s, 2H), 3.80 (s, 3H), 6.79 (d, 1H), 6.84 (s, 2H), 

7.04 (d, 2H), 7.18 (d, 2H), 7.20-7.28 (m, 2H), 7.59-7.64 (m, 2H), 8.03 (d, IH), 8.28 

(d, IH), 8.36 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 517 (M+ 1 peak). 

Preparation of compound 61: 

The synthesis of compound 61 was carried out using compound 59 (0.10 g, 0.25 

mmol) and following a similar procedure as described for compound 60 by using 

aldehyde 61a to afford product 61 in 30.40% yield (0.040 g). 'H NMR (400 MHz, 

CDCI3) 8 2.40 (br d, 4H), 3.38 (br s, 2H), 3.56 (s, 2H), 3.68 (br s, 2H), 7.06 (d, 2H), 

7.18 (d, 3H), 7.25 (d, 4H), 7.42 (d, 2H), 7.59-7.66 (m, 2H), 8.03 (d, IH), 8.27 (d, IH), 

8.35 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 521 (M+ 1 peak). 

Preparation of compound 62: 

o 

0 
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The synthesis of compound 62 was carried out utilizing compound 59 (0.08 g, 0.20 

mmol) by following a similar procedure as described for compound 60 by using 

aldehyde 62a to afford product 62 in 35.00% yield (0.040 g). *H NMR (400 MHz, 

CDC13) S 2.40 (br d, 4H), 3.39 (br s, 2H), 3.43 (s, 2H), 3.67 (br s, 2H), 7.02 (d, 2H), 

7.15-7.21 (m, 2H), 7.48-7.63 (m, 2H), 8.03 (d, IH), 8.31 (d, 2H), 8.39 (d, IH), 8.58 

(s, IH), 9.18 (s, IH); MS: 567 (M+ 2 peak). 

Preparation of compound 63: 

The synthesis of compound 63 was carried by following a similar procedure as 

described for compound 60 using aldehyde 63a to afford product 63 in 59,00% yield 

(0.06 g) from compound 59 (0.08 g, 0.20 mmol). !H NMR (400 MHz, CDC13) 5 2.40 

(br d, 4H), 3.39 (br s, 2H), 3.43 (s, 2H), 3.67 (br s, 2H), 7.02 (t, 2H), 7.05 (d, 2H), 

7.19 (d, 2H), 7.21 (s, 2H), 7.49-7.63 (m, 2H), 7.51-7.66 (m, 5H), 8.03 (d, IH), 8.31 

(d, 2H), 8.39 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 505 (M+ 1 peak). 

Preparation of compound 64: 

The synthesis of compound 64 was carried out following a similar procedure as 

described for compound 60 using aldehyde 64a to afford product 64 in 48.54% yield 

(0.05 g) from compound 59 (0.08 g, 0.20 mmol). !H NMR (400 MHz, CDCh) 8 2.40 

(br s, 4H), 3.39 (br s, 2H), 3.58 (s, 2H), 3.71 (br s, 2H), 7.08 (d, 2H), 7.16 (d, 2H), 

7.43 (d, IH), 7.51 (d, IH), 7.59-7.68 (m, 4H), 8.04 (d, IH), 8.31 (d, 2H), 8.39 (d, IH), 

8.58 (s, IH), 9.18 (s, IH); MS: 512 (M+ 1 peak). 

o 

o 
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Preparation of compound 65: 

o 

The synthesis of compound 65 was carried out following a similar procedure as 

described for compound 60 using aldehyde 65a to afford product 65 in 28.00% yield 

(0.03 g) from compound 59 (0.08 g, 0.20 mmol). 'H NMR (400 MHz, CDC13) 8 2.39 

(br d, 4H), 2.58 (s, 3H), 3.29 (br s, 2H), 3.59 (s, 2H), 3.76 (br s, 2H), 7.06 (d, 2H), 

7.21 (d, 2H), 7.51-7.68 (m, 2H), 7.80 (d, 2H), 8.03 (d, 1H), 8.31 (d, 2H), 8.39 (d, IH), 

8.58 (s, IH), 9.18 (s, IH); MS: 529 (M+ lpeak). 

Preparation of compound 66: 

The synthesis of compound 66 was done by following the similar procedure as 

mentioned for compound 60 by using aldehyde 66a to afford product in 38.80% yield 

(0.04 g) from compound 59 (0.08 g, 0.20 mmol). lU NMR (400 MHz, CDC13) 8 2.40 

(br s, 4H), 3.39 (br s, 2H), 3.53 (s, 2H), 3.71 (br s, 2H), 7.06 (d, 2H), 7.15 (d, 2H), 

7.43 (t, IH), 7.51-7.66 (m, 5H), 8.03 (d, IH), 8.31 (d, 2H), 8.39 (d, IH), 8.58 (s, 1.H), 

9.18 (s, IH); MS: 512 (M+ 1 peak). 

Preparation of compound 67: 

The synthesis of compound 67 was carried out following a similar procedure as 

described for compound 60 by using aldehyde 67a to afford product 38% yield (0.04 

g) from compound 59 (0.08 g, 0.20 mmol). EH NMR (400 MHz, CDC13) 5 2.42 (br d, 

4H), 3.38 (br s, 2H), 3.56 (s, 2H), 3.68 (br s, 2H), 7.06 (d, 2H), 7.18 (D, 2H), 7.42 (d, 

o 

0 
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2H), 7.49 (d, IH), 7.59-7.68 (m, 4H), 8.03 (d, IH), 8.27 (d, IH), 8.35 (d, IH), 8.58 (s, 

IH), 9.18 (s, 3H); MS: 521 (M+ 1 peak). 

Preparation of compound 68: 

The synthesis of compound 68 was carried out by following a similar procedure 

described for compound 60 by using aldehyde 68a to afford the required product in 

38% yield (0.04 g) from compound 59 (0.08 g, 0.20 mmol). NMR (400 MHz, 

CDCy 5 2.43 (br d, 4H), 3.41 (br s, 2H), 3.68 (br s, 4H), 7.06 (d, 2H), 7.15 (d, 2H), 

7.35-7.42 (m, IH), 7.50-7.69 (m, 5H), 8.03 (d, IH), 8.31 (d, 2H), 8.39 (d, IH), 8.58 

(s, IH), 9.18 (s, IH); MS: 512 (M+ 1 peak). 

Preparation of compound 69: 

The synthesis of compound 69 was done by following the similar procedure as 

mentioned for compound 60 by using aldehyde 69a to afford the required product in 

37.70% yield (0.04 g) from compound 59 (0.08 g, 0.20 mmol). lH NMR (400 MHz, 

CDCI3) 5 2.39 (br s, 4H), 2.52 (s, 3H), 3.26 (br s, 2H), 3.61 (br s, 2H), 3.65 (s, 2H), 

7.06 (d, 2H), 7.15 (d, 2H), 7.29-7.39 (m, 3H), 7.58-7.63 (m, 2H), 7.80 (d, IH), 8,03 

(d, IH), 8.31 (d, 2H), 8.39 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 529 (M+ lpeak). 

Preparation of compound 70: 

NC 

O 

0 

o 
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The synthesis of compound 70 was carried out following a similar procedure as 

described for compound 60 by using aldehyde 70a to afford the product in 28.50% 

yield (0.03 gm) from compounds (0.08 gm, 0.20 mmol). NMR (400 MHz, CDCI3) 

5 2.42 (br d, 4H), 3.35 (br s, 2H), 3,60 (s, 2H), 3.68 (br s, 2H), 7.03 (d, 2H), 7.08-7.26 

(m, 4H), 7.32 (d, IH), 7.39 (d, 1H), 7.54-7.60 (m, 2H), 8.03 (d, 1H), 8.28 (d, IH), 

8.37 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 521 (M+ 1 peak.). 

Preparation of compound 71: 

The synthesis of compound 71 was carried out following a similar procedure as 

described for compound 60 by using aldehyde 71a to afford the required product in 

57.00% yield (0,06 g) from compound 59 (0.08 g, 0.20 mmol). ]H NMR (400 MHz, 

CDCI3) 5 2.39 (br d, 4H), 3.38 (br s, 2H), 3.43 (s, 2H), 3.63 (br s, 2H), 7.06 (d, 2H), 

7.17 (d, 2H), 7.21-7.29 (m, 2H), 7.58-7.63 (m, 3H), 8.03 (d, IH), 8.31 (d, 2H), 8.39 

(d, 1H), 8.58 (s, IH), 9.18 (s, IH); MS: 522 (M+ peak). 

Synthesis of compound 72: 
C! 

O 

The synthesis of compound 72 was carried out following a similar procedure as 

described for compound 7a by using aldehyde 72a to afford the product in 38.80% 

yield (0.04 g) from compound 59 (0.08 g, 0.20 mmol). ]H NMR (400 MHz, CDCI3): 

5 2.45 (br s, 4H), 3.41 (br s, 2H), 3.60 (s, 2H), 3.68 (br s, 2H), 7.06 (d, 2H), 7.15 (d, 

2H), 7.21-7.29 (m, IH), 7.58-7.63 (m, 2H), 7.80 (d, IH), 8.03 (d, IH), 8.31 (d, 2H), 

8.39 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 522 (M+ peak). 
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Preparation of compound 73: 

o 

The synthesis of compound 73 was carried out following a similar procedure as 

described for compound 58 in scheme 10 by using amine 57b to afford product 73 in 

73.27% yield (0.08 g) from compound 56 (0.08 g, 0.24 mmoles). SH NMR (400 

MHz, CDCI3): 8 3.44 (br s, 4H), 3.62 (s, 2H), 3.76 (br s, 4H), 6.84 (d, IH), 7.12 (d, 

2H), 7.21 (d, 2H), 7.37 (d, 1H), 7.60-7.66 (m, 2H), 8.04 (d, IH), 8.32 (d, IH), 8.39 (d, 

IH), 9.18 (d, IH); MS: 480 (M+l peak). 

Preparation of compound 74: 
w 

The synthesis of compound 74 was carried out following a similar procedure as 

described for compound 58 in scheme 10 by using amine 57c to afford product 74 in 

33.45% yield (0.09 g) from compound 56 (0.18 g, 0.54 mmol). JH NMR (400 MHz, 

DMSO-de): 5 2.45 (s, 3H), 2.99 (br s, 4H), 3.55 (br s, 4H), 6.78 (s, IH), 7.14 (dd, 4H), 

7.66-7.75 (m, 2H), 8.26 (d, IH), 8.41 (d, IH), 8.50 (d, IH), 9.16 (d, IH); MS: 480 

(M+l peak). 

Preparation of compound 75: 

The synthesis of compound 75 was done by following the similar procedure as 

mentioned for compound 58 in scheme 10 by using amine 57d to afford product 75 in 

43.85% yield (0.10 g) from compound 56 (0.15 g, 0.47 mmol). !H NMR (400 MHz, 

o 

0 
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CD13): 5 2.40 (br d, 4H), 3.38 (br s, 2H), 3.52 (s, 2H), 3.73 (br s, 2H), 7.07 (d, 2H), 

7.18 (d, 2H), 7.22-7.38 (m, 8H), 7.59-7.63 (m, 2H), 8.02 (d, 1H), 8.32 (d, IH), 8.39 

(d, 1H), 9.18 (d, IH), 8.58 (s, IH), 9.18 (s, IH); MS: 487 (M+l peak). 

Preparation of compound 76: 

The synthesis of compound 76 was carried out following a similar procedure as 

described for compound 58 in scheme 10 by using amine 57e to afford product 76 in 

26.31% yield (0.06 g) from compound 56 (0.23 g, 0.70 mmol). ®H NMR (400 MHz, 

CDCh): 5 3.15 (br s, 4H), 3.82 (br s, 4H), 4.21 (s, 2H), 7.1.2 (dd, 4H), 7.41 (t, IH), 

7.52-7,67 (m, 3 H), 7.82 (t, IH), 8.04 (d, IH), 8.31 (d, IH), 8.39 (d, IH), 8.63 (d, 2H), 

9.16 (d, IH); MS: 480 (M+l peak); MS: 488 (M+l peak). 

Preparation of compound 77: 

o 

The synthesis of compound 77 was carried out following a similar procedure as 

described for compound 58 in scheme 10 by using amine 57f to afford product 77 in 

21.14% yield (0.07 g) from compound 56 (0.17 g, 0.51 mmol). lR NMR (400 MHz, 

CDC13):5 1.71 (br s, IH), 1.80 (br s, 1H), 2.53 (brd, 2H), 2.71 (brd, 2H), 3.38 (br s, 

2H), 3.57-3.69 (m, 4H), 7.02 (t, 2H), 7.16 (t, 2H), 7.59-7.63 (m, 2H), 8.01 (d, IH), 

8.31 (d, IH), 8.39 (d, IH), 8.48 (s, IH), 9.16 (d, IH); MS: 480 (M+l peak); MS: 501 

(M+l peak). 

Preparation of compound 78: 
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The synthesis of compound 78 was carried out following a similar procedure as 

described for compound 60 in scheme 10 by using aldehyde 24 to afford the required 

product in 48.61 % yield (0.035 g) from compound 59 (0,07 g, 0.16 mmol). ]H NMR 

(400 MHz, CDCI3): 5 0.04 (d, 2H), 0.54 (d, 2H), 0.80-0.90 (m 1.H), 2.24 (d, 2H), 2.48 

(br d, 4FI), 3.39 (br s, 2H), 3.78 (br s, 2H), 7.12 (dd, 4H), 7.49-7.64 (m, 2H), 8.04 (d, 

IH), 8.31 (d, IH), 8.39 (d, IH), 8.58 (s, IH), 9.16 (d, IH); MS: 480 (M+l peak); MS: 

451 (M+l peak). 

Preparation of compound 81: 

The synthesis of compound 81 was carried out following a similar procedure as 

described for compound 60 in scheme 10 by using aldehyde 81a to afford product 81 

in 43.26 % yield (0.045 g) from compound 6 (0.1 g, 0.23 mmol). 'H NMR (400 MHz, 

CDCI3): 5 0.91 (t, 3H), 1.25-1.39 (m, 2H), 1.40-1.49 (m, 2H), 2.30 (t, 2H), 2.42 (br s, 

4H), 3.39 (br s, 2H), 3.70 (br s, 2H), 7.05 (d, 2H), 7.16 (d, 2H), 7.59-7.64 (m, 2H), 

8.02 (d, IH), 8.32 (d, IH), 8.38 (d, IH), 8.58 (br s, IH), 9.16 (d, IH); MS: 480 (M+l 

peak); MS: 453 (M+l peak). 

Preparation of compound 82: 

The synthesis of compound 82 was carried out following a similar procedure as 

described for compound 60 in scheme 10 by using aldehyde 82a to afford product in 

48.73% yield (0.06 g) from compound 59 (0.08 g, 0.20 mmol). 'H NMR (400 MHz, 

CDCI3): 5 2.39 (br s, 2H), 2.56 (br s, 2H), 3.39 (br s, 2H), 3.59 (s, 2H), 3.75 (br s, 

2H), 3.81 (s, 3H), 6.85 (d, IH), 6.92 (t, 1H), 7.08 (d, 2H), 7.17 (d, 2H), 7.24-7.31 (m, 

2H), 8.02(d, IH), 8.32 (d, IH), 8.38 (d, IH), 8.58 (br s, 1H), 9.17 (d, IH); MS: 480 

(M+l peak); MS: 517 (M+l peak). 

o 

0 
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The synthesis of compound 83 was carried out following a similar procedure as 

described for compound 58 in scheme 10 by using amine 57g to afford product in 

22.72% yield (0.05 gm) from compound 56 (0.14 gm, 0.43 mmol). *H NMR (400 

MHz, CDC13): 5 3.62 (br s, 8H), 7.05 (d, 2H), 7.19 (d, 2H), 7.38 (t, IH), 7.59-7.64 (m, 

2H), 7.69 (d, 1H), 7.80 (t, IH), 8.02 (d, IH), 8.32 (d, IH), 8.38 (d, IH), 8.58 (br s, 

IH), 9.17 (d, IH); MS: 480 (M+l peak); MS: 502 (M+l peak). 

Preparation of sodium salt 76: 

To a solution of sulfonamide 75 (0.05 g, 0.10 mmol) in Methanol, NaOH (0.04 g, 0.10 

mmol) was added at room temperature and the resulting mixture was allowed to stir 

for 2 hrs. After completion of the reaction, the corresponding solvent was removed 

under reduced pressure. This was followed by the addition of Et20 (5 mL) and its 

subsequent removal. The addition and removal of Et20 was carried out several times 

to afford the desired product as a solid in 84.61% yield (0.04 g), !Ii NMR (400 MHz, 

DMSO-d6): 8 3.40 (br s, 2H), 3.59 (br s, 8H), 6.77 (d, IH), 6.89 (d, IH), 7.18-7.29 (m, 

2H), 7.50-7.60 (m, 2H), 7.99 (d, IH), 8.25-8.32 (m, 2H), 8.98 (d, IH); MS: 509 (M+l 

peak). 

Preparation of mesylate salt 77: 

To a solution of sulfonamide 75 (0.05 g, 0.10 mmol) in DCM, CH3SO3H (0.10 g, 0.10 

mmol) was added at room temperature and the resulting mixture was allowed to stir 

for 2 hrs. After completion of the reaction, the corresponding solvent was removed 

under reduced pressure followed by the addition of Et20 was added (5 mL) and it 

subsequent removal. The addition and removal of Et20 was carried out several times 

(3x5 mL) to afford the desired product in 59.32% yield (0.035 gm). lH NMR (400 
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MHz, CDCI3): S 3.02 (br s, 3H), 3.25 (br s, 3H), 4.23 (s, 2H), 7.17 (del, 4H), 7.62-7. 

(m, 2H), 8.22 (d, IH), 8.32 (d, IH), 8.38 (d, IH), 9.10 (d, IH); MS: 487 (M+peak). 

Synthesis of A^-aryl/lieteroaryl piperazine analogues 

Scheme 

12 

/ \ Pd(OAc)2l BINAP I | MeOH.HCI \ NH.HCt 
Ar-Br + HN^N-BOC Ar'N-> RT, 1 h, 90%' Ar-0 

100 UC, overnight 
84 85 40 - 60% 88 87 

EtOOC 
0'"0 N 

90 

LiOH, THF-HzO 

Reflux, 12 h. 90% 
HOOC 

H 

o'b N. 

91 

NH.HCf 

Ar' 
HOOC 

87 92a-au 
Where Ar =SubliSuted Aryl or 
Heteroaryl 

General Procedure for Compound 86: Nitrogen was purged through a stirred 

solution of arylbromide (84, 2.15 mmol) in 1,4-dioxane (20 ml) at room temperature 

for 30 min. BINAP (0.134 g, 0.215 mmol), palladium acetate (0.0096 g, 0.043 mmol) 

and cesium carbonate (1.40 g, 4.3 mmol) were added to the reaction mixture and the 

nitrogen purging was continued for another 20 min. and finally N-Boc piperazine (85, 

0.4 g, 2.15 mmol) was added and stirred at 100 °C overnight under nitrogen 

atmosphere. After completion of the reaction (monitored by TLC), the reaction 

mixture was concentrated under vacuum. The residue was dissolved in water, 

extracted with ethyl acetate (3 x 50 ml). Combined organic extracts were washed with 

brine (20 ml), dried over anhydrous Sodium sulfate, filtered and concentrated under 

reduced pressure. The crude product was then purified by column chromatography 

(60-120 silica gel) using 10 % ethyl acetate-hexane to yield compound 86 (40-60%). 
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General Procedure for Compound 87: A^-Boc-A^-arylpiperazine (86, 1.075 mmol) 

was taken into a round bottomed flask and was added methanolic-HCl (20 ml, 20 %) 

which resulted in formation of a homogeneous solution and was stirred for 1 h at 

room temperature. After completion of the reaction (monitored by TLC), the solvent 

was removed under vacuum. The crude product was washed with ethyl acetate 

repeatedly and then dried well to obtain compound 87 (90%) as a white solid. 

Procedure for preparation of ethyl 4-(quinoiine-8-sulfonamido)benzoate 90: To a 

solution of ethyl-4-ammo benzoate (88, 5.0 g, 30.16 mmol) in a 1:1 mixture of DCM-

pyridine (50:50 ml) was added quinoline-8-sulfonyl chloride (89, 8.24 g, 36.19 mmol) 

under nitrogen atmosphere. The resultant solution was stirred overnight at room 

temperature. On completion of the reaction (monitored by TLC), the reaction mixture 

was diluted with dichloromethane (150 ml), washed with water (3 x 50 ml), IN HC1 

solution (3 x 50 ml) and brine (50 ml. The combined organic extracts were dried over 

anhydrous sodium sulfate, filtered and concentrated under vacuum. Crude product 

was co-distilled with toluene to remove the remnants of pyridine and dried to yield 

sulfonamide 90 (11.58 g, 90%) as an off-white solid and was used as such for the next 

step without further purification. 

Analytical data for compound 90: 'H NMR (500 MHz, CDC13) 5: 1.20 (3H, t), 4.19 

(2H, q), 7.20 (2H, m), 7.60-7.80 (4H, m), 8.30 (IH, m), 8.40-8.50 (2H, m), 9.10 (IH, 

m), 10.8 (IH, s); MS: mlz 357.4 

Procedure for preparation of 4-(quinoIine-8-sulfoiiamido)benzoic acid 91: Ethyl 

4-(quinoline-8-sulfonamido)benzoate (90, 10 g, 28.08 mmol) was dissolved in a 

mixture of THF-water (100:100 ml) and maintained at room temperature. To this 

solution was added LiOH (5.89 g, 14.0 mmol) and the resultant solution was refluxed 

overnight. The reaction mixture was then washed with ethyl acetate (3 x 50 ml) and 

then acidified with dilute HC1. The resultant suspension was filtered and residue was 

co-distilled with toluene. This product was then dried under vacuum to yield 

carboxylic acid 91 (8.28 g, 90%) as an off-white solid. 
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Analytical data for compound 91: NMR (500 MHz, CDC13) 5: 7.10 (2H, m), 

7.60-7,80 (4H, m), 8.25 (IH, m), 8.40-8.60 (2H, m), 9.10 (IH, m), 10.7 (IH, bs), 12.6 

(IH, bs); MS: m/z 329.3 (Af+7)+. 

General Procedure for Compound 92: To a stirred solution of the carboxylic acid 

(91, 0.61 mmol) in DMF at 0 °C under nitrogen atmosphere, EDCI (0.129 gm, 0.671 

mmol), HOBt (0.91 gm, 0.671 mmol) and DIPEA (0.31 ml, 1.83 mmol) were added 

and the resultant solution was stirred at room temperature for 30 min. Amine 

hydrochloride (87, 0.61 mmol) was then added at 0 °C and stirred overnight at room 

temperature. After completion of the reaction (monitored by TLC), the reaction 

mixture was poured into 1.0 M HC1 and extracted with EtOAc. The organic layer was 

washed with saturated NaHC03 solution, dried over NaS04 and filtered. The solvent 

was removed by rotary evaporation and the product was isolated by chromatography 

on silica gel (60-120 silica gel, 2% MeOH-DCM) or preparative HPLC to yield amide 

(92a-as) (40-60%) as an off-white solid. 

General Procedure for Compound (92a t, 92au & 92a v): To a solution of A^-aryi 

piperazine analogue (0.39 mmol) in methanol-DCM mixture (for Sodium salt) or 

DCM (for mesylate salt) was added sodium hydroxide in methanol (0.39 mmol) or 

methanesulfonylchloride (0.39 mmol). The reaction mixture was stirred over night 

and evaporated the solvent under reduced pressure. The crude residue was then 

washed sequentially with ether and n-pentane to yield desired salt as white solid. 

N-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92a): 

*H NMR (500 MHz, DMSO-d6) 5: 10.42 (s, IH), 9.1.5 (bs, IH), 8.50 (d, IH), 8.40 (d, 

1H), 8.24 (d, IH), 7.70-7.80 (m, 2H), 7.15-7.20 (dd, 4H), 6.90-7.00 (m, 2H),6.82 (d, 

o 
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2H), 3.80 (s, 3H), 3.40-3.78 (bm, 4H), 2.80-3.00 (bs, 4H); HPLC purity: 97.11%; MS, 

m/z found 503.2 (M+3)+. 

N-(4-(4-phenyipiperazine-l-carbonyI)phenyI)quinoIine-8-sulfonamide (92b): 

XH NMR (500 MHz, DMSO-d6) 5: 10.42 (s, IH), 9.18 (d, IH), 8.56 (d, IH), 8.44 (d, 

IH), 8.30 (d, IH), 7.70-7.80 (m, 2H), 7.10-7.22 (m, 6H), 6.90 (d, 2H), 6.80 (t, IH), 

3.30-3.70 (bs, 4H), 3.00-3.20 (bm, 4H); HPLC purity 98.50%: MS, m/z found 473.2 

(M+lf. 

N-(4-(4-(3-ethoxyphenyl)piperazine-l-carbonyI)phenyl)quinoline-8-sulfonamicIe 

*H NMR (400 MHz, CDC13) 6: 9.18 (d, IH), 8.60 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.10 (d, IH), 7.65 (m, 2H), 7.05-7.20 (m, 5H), 6.50 (m, 3H), 4.00 (q, 2H), 3.40-3.90 

(bs, 4H), 3.00-3.20 (bm, 4H), 1.40 (t, 3H); HPLC purity 99.74%: MS, m/z found 

517.40 (M+l)*. 

N-(4-(4-(4-ethoxyplienyl)piperazine-l-carbonyI)phenyl)quino!ine-8-sulfonaniide 

(92d): 

*H NMR (400 MHz, CDC13) 8: 9.18 (d, IH), 8.60 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 6.85 (m, 4H), 4,00 (q, 2H), 

(92c) 
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3.40-3.90 (bm, 4H), 3.00 (bm, 4H), 1.4 (t, 3H); HPLC purity 99.36%: MS, m/z found 

517.40 (M+l)+. 

Ethyl 3-(4-(4-(quinoIine-8-suIfonamido)benzoyl)piperazin-l-yl)benzoate (92e): 

lB NMR (400 MHz, CDC13) 8: 9.20 (d, IH), 8.60 (s, IH), 8.40 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 4H), 7.30 (m, IH), 7.20 (d, 2H), 7.10 (m, 3H), 4.40 (q, 2H), 

3.40-3.90 (bm, 4H), 3.20 (bm, 4H), 1.4 (t, 3H); HPLC purity 99.65%: MS, m/z found 

545.35 (M-k-lf. 

N-(4-(4-(2-fluorophenyI)piperazine-l-carbonyl)phenyl)quinoline-8-sulfonamide 

*H NMR (400 MHz, CDC13) 5: 9.15 (d, IH), 8.60 (s, IH), 8.40 (d, 1H), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 3H), 7.10 (d, 2H), 6.65 (d, 1H), 6.55 (m, 2H), 

3.40-3.80 (bm, 4H), 3.15 (bm, 4H); HPLC purity 99.16%: MS, m/z found 491.35 

(M+l)\ 

jV-(4-(4-(3-isopropoxyphenyl)piperazme-l-carbonyl)phenyl)qumoline-8-

sulfonamide (92g): 

]H NMR (400 MHz, CDCI3) 5: 9.15 (d, IH), 8.60 (s, IH), 8.40 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 2H), 7.15 (m, IH), 7.10 (d, 2H), 6.45 (m, 3H), 

(920: 
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3.40-3.80 (bm, 4H), 3.15 (bm, 4H); HPLC purity 99.45%: MS, m/z found531.40 

(M+l)\ 

/V-(4-(4-(2,5-difluorophenyl)piperazme-l-carbonyI)phenyl)qiiinoimG-8-

sulfonamide (92h): 

JH NMR (400 MHz, CDC13) 5: 9.15 (d, IH), 8.60 (s, 1H), 8.35 (d, 1H), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 2H), 7.10 (d, 2H), 6.95 (m, IH), 6.60 (m, 2H), 

3.45-3.90 (bm, 4H), 3.00 (bm, 4H); HPLC purity 99.94%: MS, m/z found 509.30 

(M+l)*. 

A7-(4-(4-(3-(methyltliio)phenyl)piperazine-l-carbonyl)phenyl)quinoUne-8-

sulfonamide (92i): 

lH NMR (400 MHz, CDC13) 8: 9.15 (d, IH), 8.60 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 3H), 7.10 (d, 2H), 6.80 (m, 2H), 6.65 (d, IH), 

3.45-3.90 (bm, 4H), 3.10 (bm, 4H), 2.45 (s, 3H); HPLC purity 99.98%: MS, m/z 

found 519.30 (M+l)*. 

/V-(4-(4-(3-(trifluoromethyI)plienyl)piperazine-t-carbonyl)phenyI)quinoIine-8-
sulfonamide (92j): 
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lH NMR (400 MHz, CDC13) 6: 9.15 (d, IH), 8.60 (s, 1H), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.50 (d, 2H), 7.20 (m, 2H), 7.10 (d, 2H), 6.90 (d, 2H), 

3.45-3.90 (bm, 4H), 3.10 (bm, 4H); HPLC purity 99.63%: MS, m/z found 541.25 

/V-(4-(4-(2-(trifluoromethoxy)phenyl)piperazine-l-carbonyl)phenyI)quinoUne-8-

sulfon-amide (92k): 

]H NMR (400 MHz, CDCI3) 8: 9.15 (d, 1H), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, 1H), 7.60 (m, 2H), 7.20 (m, 4H), 6.95-7.15 (01, 4H)f 3.45-3.90 (bm, 4H), 3.10 

(bm, 4H); HPLC purity 99.89%: MS, m/z found 557.35 (M+J)+. 

/V-(4-(4-(4-(ethyIthio)phenyl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (921): 

]H NMR (400 MHz, CDC13) 8: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, 1H), 

8.05 (d, IH), 7.60 (m, 2H), 7.3 (d, 2H), 7.20 (d, 2H), 7,10 (d, 2H), 6.80 (d, 2H), 3.45-

3.90 (bm, 4H), 3.10 (bm, 4H), 2.90 (q, 2H), 1.15 (t, 3H); HPLC purity 98.53%: MS, 

m/z found 533.35 (M+J)+. 

/V-(4-(4-(4-(methyIihio)pIienyi)piperazme-!-carbonyi)phenyI)quinoiine-8-

suifonamide (92m): 
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*H NMR (400 MHz, DMSO-d6) 5: 10.40 (s, IH), 9.15 (s, IH), 8.50 (d, IH), 8.40 (d, 

IH), 8.30 (d, IH), 7.70 (m, 2H), 7.20 (m, 6H), 6.85 (d, 2H), 3.20-3.70 (bm, 4H), 3.05 

(bm, 4H), 2.35 (s, 3H); HPLC purity 91.00%: MS, m/z found 518.50 (M+lf. 

/V-(4-(4-(3-(methoxy)phenyI)piperazine-l-carbonyl)phenyl)qiunoHne-8-

sulfonamide (92n): 

]H NMR (400 MHz, DMSO~d6) 5: 10.45 (s, 1H), 9.05 (d, IH), 8.50 (d, IH), 8.45 (d, 

IH), 8.30 (d, 1H), 7.70 (m, 2H), 7.00 - 7,20 (m, 5H), 6.50 (d, 1H), 6.40 (s, IH), 6.35 

(d, IH), 3.65 (s, 3H), 3.20-3.70 (bm, 4H), 3.05 (bm, 4H); LCMS purity 100.00%: MS, 

m/z found 503.35 (M+1)+. 

A^-(4-(4-(3-(chIoro)pheny[)piperazine-l-carbony[)phenyl)qiiinoIiiie-8-suIfonamide 

(92o): 

NMR (400 MHz, CDCI3) 5: 9.15 (s, IH), 8.60 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.10 - 7.20 (m, 5H), 6.85 (m, 2H), 6.75 (d, IH), 3.40-3.85 

(bm, 4H), 3.10 (bm, 4H); LCMS purity 97.15%: MS, m/z found 507.30 (M+J)+. 

/V-(4-(4-(3-(methyI)-5-(tr!fiuoromeihyl)phenyl)piperazme-l-

carbonyI)phenyi)qiiinoline-8-siiIfoiiamide (92p): 
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!H NMR (400 MHz, CDC13) 5: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, 1H), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 - 7.30 (m, 4H), 7.15 (s, IH), 7,10 (d, 2H), 3.40-3.85 

(bm, 4H), 2.85 (bm, 4H), 2.35 (s, 3H); LCMS purity 99.65%: MS, m/z found 555.35 

(M+lf. 

/V-(4-(4-(3,4-(dichIoro)phenyl)piperazine-l-earbonyl)phenyI)quinoIine-8-

sulfonamide (92q): 

]H NMR (400 MHz, DMSO-dG) 8: 10.45 (s, IH), 9.15 (s, IH), 8.50 (d, IH), 8.40 (d, 

IH), 8.30 (d, IH), 7.75 (m, 2H), 7.4 (d5 IH), 7.10 - 7.20 (m, 5H), 6.90 (d, IH), 3.20-

3.65 (bm, 4H), 3.10 (bs, 4H); HPLC purity 93.48%: MS, m/z found 542.35 (M+lf, 

/V-(4-(4-(3-(trifluoromethoxy)phenyl)piperazine-l-carbonyI)phenyI)quinoline-8-

sulfon-amide (92r): 

!H NMR (400 MHz, CDCI3) 8: 9.15 (d, 1H), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (m, 4H), 6.85 (d, 2H), 3.40-3.90 (bm, 

4H), 3.10 (bs, 4H); HPLC purity 90.37%: MS, m/z found 557.50 (M+lf. 

N-(4-(4-(4-(N,N~diethyIamnio)phenyl)piperazine-l-carbonyt)phenyl)qumoIme-8-

sulfon-amide (92s): 
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]H NMR (400 MHz, CDC13) 8: 9.15 (d, 1H), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, 1H), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 6.85 (d; 2H), 6.65 (d, 2H), 

3.40-3.90 (bm, 4H), 3.3 (q, 4H), 2.80 - 3.10 (bm, 4H), 1.1 (t, 6H); HPLC purity 

97.59%: MS, m/z found 544.50 (M+l)\ 

A?-(4-(4-(3,4-(difluoro)phenyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92t): 

*H NMR (400 MHz, CDC13) 8: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 7.05 (m, IH), 6.65 (in, IH), 

6.55 (d, IH), 3.40-3.90 (bm, 4H), 3.00 (bs, 4H); HPLC purity 99.73%: MS, m/z found 

509.55 (M+l)+. 

/V-(4-(4-(4-(fluoro)phenyl)piperazine-l-carboiiyI)phenyI)quinoline-8-siilfonamide 

lH NMR (400 MHz, CDCI3) 8: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, 1H), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 6.95 (m, 2H), 6.85 (m, 2H), 

3.40-3.90 (bm, 4H), 3.00 (bs, 4H); HPLC purity 97.39%: MS, m/z found 491.25 

(M+l)+. 

N-(4-(4-(2-(etliy!)phenyI)piperazine-l-carbonyl)phenyl)quinoiine-8-suIfonamide 

(92v): 

(92u): 
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'H NMR (400 MHz, CDC13) 5: 9.15 (d, 1H), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, 1H), 

8.05 (d, IH), 7.60 (m, 2H), 7.05 - 7.30 (m, 7H), 7.00 (d, IH), 3.40-3.90 (bm, 4H), 

2.80 (bm, 4H), 2.7 (q, 2H), 1.20 (t, 3H); HPLC purity 98.85%: MS, m/z found 501.05 

(M+1)\ 

/V-(4-(4-(4-(chloro)phenyI)piperazine-l-carbonyI)phenyl)quinoIine-8-si!lfonamide 

(92w): 

lU NMR (400 MHz, CDCI3) 5: 9.15 (d, IH), 8.55 (s, 1H), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 4H), 7.10 (d, 2H), 6.80 (d, 2H), 3.40-3.90 (bm, 

4H), 3.10 (bm, 4H); LCMS purity 99.88%: MS, m/z found 507.25 (M+lf. 

/V-(4-(4-(3-(ethyl)phenyI)piperazme-l-carbonyI)phenyl)quinoliiie-8-sulfonamide 

(92x): 

lE NMR (400 MHz, CDC13) 8: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.60 (m, 2H), 7.20 (m, 3H), 7.10 (d, 2H), 6.75 (m, 3H), 3.40-3.90 (bm, 

4H), 3.10 (bm, 4H), 2.6 (q, 2H), 1.2 (ts 3H); LCMS purity 96.79%: MS, m/z found 

501.30 (M+l)\ 

A;-(4-(4-(3-(trifluoromethyI)phenyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92y): 
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'H NMR (400 MHz, CDC13) 5: 9.15 (d, IH), 8.55 (s, IH), 8.35 (d, IH), 8.30 (d, 1H), 

8.05 (d, IH), 7.60 (m, 2H), 7.50 (m, 2H), 7.25 (m, 2H), 7.20 (m, 2H), 7.10 (d, 2H) 

3.40-3.90 (bm, 4H), 2.90 (bm, 4H); HPLC purity 99.65%: MS, m/z found 541.15 

(M+l)\ 

/V-(4-(4-(2-iTiethoxyphenyl)piperazine-l-carbonyV)phenyI)-N-methylquinoIine-8-

sulfo-naniide (92z): 

!H NMR (500 MHz, DMSO~d6) 8: 9.05 (s, IH), 8.55 (m, 1.H), 8.3 (m, 2H), 7.7 (m, 

2H), 7.25 (m, 4H), 6-95 (m, 2H), 6.85 (m, 2H), 3.78 (s, 3H), 3.6 (s, 3H), 3.30-3.80 

(bm, 4H), 2.80-3.00 (bm, 4H); HPLC purity 97.68%: MS, m/z found 51.7.3 (M+l)+. 

Ethyl 2-(4-(4-(N-methylquiiiolme-8-sulfonamido)benzoyl)piperazin-l-yl)benzoate 

(92aa): 

SH NMR (400 MHz, DMSO-d6) 8: 10.43 (s, IH), 9.18 (s, IH), 8.55 (d, IH), 8.41 (d, 

IH), 8.23 (d, IH), 7.7 (m, 2H), 7.55 (m, IH), 7.41 (m, IH), 7.25 (m, 6H), 4.22 (q, 

2H), 3.30-3.80 (bm, 4H), 2.80-3.00 (bm., 4H), 1.25 (t, 3H); LCMS purity 97.43%: 

MS, m/z found 545.1 (M.+l)\ 567.1fM+2J). 
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/V-(4-(4-(3-(dimethylamino)phenyl)piperazine-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (92ab): 

*H NMR (400 MHz, DMSO-d6) 5: 9.11-9.16 (d, 1H), 8.54 (bs, IH), 8.22-8.55 (d, 2H), 

8.02-8.06 (d, IH), 7.55-7.64 (m, 2H), 7.02-7.32 (m, 6H), 6.20-6.54 (m, 2H), 3.20-3.94 

(m, 4H), 3.00-3.22 (bs, 4H), 2.84-2.94 (s, 6H); LCMS purity 98.33%: MS, m/z found 

516.3 (M+lf, 538.3{Af+23J. 

/V-(4-(4-(3-fluorophenyl)piperazine-l-carbonyI)phenyl)quino!ine-8-sulfonamide 

(92ac): 

!H NMR (400 MHz, DMSO~d6) 8: 9.10-9.15 (d, IH), 8.22-8.40 (m, 2H), 7.98-8.11 (d, 

IH), 7.52-7.66 (m, 2H), 7.02-7.28 (m, 6H), 6.42-6.64 (m, 3H), 3.42-3.84 (bd, 4H), 

3.00-3.22 (m, 4H); LCMS purity 93.74%: MS, m/z found 491.3 (M+l)\ 

/V-(4-(4-(5-isopropyl-2-metIiylphenyl)piperazme-l-carbonyl)phenyl)quinoline-8-

sulfona-mide (92ad): 

lH NMR (400 MHz, DMSO-d6) 5: 9.18 (d, IH), 8.54 (bs, IH), 8.24-8.38 (dd, 2H), 

8.00-8.15 (d, IH), 7.54-7.66 (m, 2H), 7.18-7.26 (m, 2H), 7.02-7.14 (m, 3H), 6.86-6.94 

(m, 2H), 3.42-3.92 (bd, 4H), 2.80-2.98 (m, 2H), 2.22 (s, 3H), 1.14-1.24 (d, 6H), 0.80-

0..92 (m, IH); HPLC purity 98.76%: 
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/V-(4-(4-(4-(trifiuoroinethoxy)phenyI)piperazine-l-carbonyl)phenyl)quinoHne-8-

suifona-mide (92ae): 

lH NMR (400 MHz, DMSO-d6) 8: 9.18 (d, IH), 8.58 (bs, 1H), 8.23-8.38 (dd, 2H), 

8.00-8.15 (d, IH), 7.52-7.68 (m, 2H), 7.14-7.24 (m, 6H), 6.80-6.89 (d, 2H), 3.42-3.92 

(bd, 4H), 3.00-3.18 (bs, 4H); HPLC purity 98.77%: 

/V-(4-(4-(4-methoxyphenyl)piperazine-l-carbonyl)phenyl)quinoHne~8-

sulfonamide (92af): 

'H NMR (400 MHz, DMSO-d6) 5: 10,41 (s, IH), 9.17 (s, IH), 8.21-8.45 (ddd, 3H), 

7.63-7.78 (m, 2H), 7.12-7.24 (m, 4H), 6.78-6.94 (d, 4H), 3.82 (s, 3H), 3.22-3.54 (m, 

4H), 2.84-3.08 (m, 4H); LCMS purity= 93.70%: MS, m/z found 503.1 (M+lf. 

5-(4-(4-(quinoline-8-sulfonamido)benzoyl)piperazin-l-yl)pyridin-3-yl propionate 

(92ag): 

3H NMR (400 MHz, CDC13) 8: 10.42 (s, IH), 9.15 (s, IH), 8.40-8.54 (dt, 2H), 8.24-

8.28 (d, IH), 7.60-7.72 (m, 3H), 7.05-7.22 (m, 4H), 4.21-4.38 (q, 2H), 3.3 - 3.8 (m, 

8H), 1.25 (t, 3H); LCMS purity: 98.85%; MS, m/z found 546.3 (M+l)+. 
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/V-(4-(4-(thsazoI-2-yl)piperazine-l-carbonyl)phenyS)quinoIine-8-sulfonamide 

(92ah): 

!HNMR (400 MHz, CDCI3) 5: 9.15 (d, IH), 8.40 (d, 1H),8.30 (d, IH), 8.05 (d, IH), 

7.60 (m, 2H), 7.35 (d, IH), 7.20 (d, 2H), 7.10 (d, 2H), 6.7 (d, IH), 3.3 - 3.8 (m, 8H); 

HPLC purity: 99.79%; MS, m/z found 480.2 (M+lf. 

/V-(4-(4-(2-methylthiazoI-5-y!)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92ai): 

!H NMR (400 MHz, CDC13) 8: 10,42 (s, lH),9.15(d, IH), 8.45 (d, IH), 8.40 (d, IH), 

8.15 (d, IH), 7.70 (m, 2H), 7.20 (d, 2H), 7.15 (d, 2H), 6.8 (s, IH), 3.5 (bm, 4H), 2.95 

(bm, 4H), 2.4 (s, 3H); HPLC purity: 95.78%; MS, m/z found 494.3 (M+lf. 

N-(4-(4-(pyrazin-2-y!)piperazine-l-carbonyi)phenyI)quino!iiie-8-sidfonamide 

(92aj): 

5H NMR (500 MHz, DMSO~d6) 8: 10.42 (s, IH), 9.15 (s, IH), 8.52 (d, IH), 8.44 (d, 

IH), 8.3 (m, 2H), 8.1 (s, IH), 7.86 (s, 1H), 7.74 (m, 2H), 7.23 (d, 2H),7.14(d, 2H), 

3.3 - 3.7 (m, 8H); HPLC purity: 98.10%; MS, m/z found 475.2 (M+l J4". 

N-(4-(4-(pynmidm-2-yl)piperazine-l-carbonyi)phenyI)quinoline-8-sulfonamide 

(92ak): 
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o 

NMR (500 MHz, DMSO-d6) 8: 10.42 (s, IH), 9.15 (s, IH), 8.52 (d, IH), 8.45 (d, 

111), 8.35 (d, 2H); 8.30 (d, IH), 7.75 (m, 2H), 7.20 (d, 2H), 7.15 (d, 2H), 7.80 (t, IH), 

3.3 - 3.8 (m, 8H); HPLC purity: 99.52%; MS, m/z found 475.2 (M+lf. 

/V-(4-(4-(2-methoxypyridm-3-yl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (92al): 

NMR (500 MHz, DMSO-ch) 2.80-3.00 (4H, m), 3.40-3.85 (4H, m), 3.85 (3H, s), 

6.91 (IH, m), 7.11-7.20 (5H, m), 7.70-7.75 (3H, m), 8.27-8.29 (IH, m), 8.41-8.53 

(2H, m), 9.12 (lH,m), 10.44 (IH, s). MS 504.1 (M+l)\ 

/V-(4-(4-(4-methoxypyridin-3-yl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92am): 

]H NMR (400 MHz, CDC13) 8: 9.18 (d, IH), 8.60 (bs, IH), 8.25-8.40 (m, 3H), 8.05 

(d, IH), 7.65 (m, 2H), 7.20 (d, 2H), 7.15 (d, 2H), 7.10 (d, IH), 4.10 (s, 3H), 3.40 -

3.80 (bm, 4H), 3.10 (bm, 4H); HPLC purity: 97.14%; LCMS, m/z found 504.35 

Ar-(4-(4-(5-(ethoxycarbonyl)pyndin-3-yI)piperazine-l-carbonyI)phenyI)quinoIine-

8-sulfon-amide (92an): 
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lH NMR (400 MHz, DMSO-d6) 8: 10.45 (s, IH), 9.15 (d, IH), 8.55 (m, 3H), 8.45 (d, 

IH), 8.30 (d, 1H), 7.70 (m, 2H), 7.65 (s, IH), 7.20 (d, 2H), 7.10 (d, 2H), 4.30 (q, 2H), 

3.4 - 3.8 (bm, 4H), 3.1 (bm, 4H), 1.3 (t, 3H); LCMS purity: 98.85%; MS, m/z found 

546.35 (M+lf. 

iY-(4-(4-(5-(inethoxycarbonyl)-6-methoxy)pyridin-3-yI)piperazine-l-

carbonyl)pheny!) quinoline-8- sulfonamide (92ao): 

]H NMR (400 MHz, CDC13) 8: 9.18 (d, IH), 8.60 (bs, IH), 8.35 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.95 (d, IH), 7.80 (d, 1H), 7.60 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 4.00 

(s, 3H), 3.9 (s, 3H), 3.4 - 3.8 (bm, 4H), 3.1 (bm, 4H); HPLC purity: 94.72%; MS, m/z 

found 562.18 (M+l)+, 

/V-(4-(4-(pyridin-4-yl)piperazine-l-carbonyl)phenyl)quinoIine-8-sulfonamide 

(92ap): 

!E NMR (400 MHz, CDC53) 8: 9.2(s, IH), 8.22-8.40 (m, 4H), 8.00-8.04 (m, IH), 

7.54-7.62 (m, 2H), 7.05-722 (dd, 4H), 6.60-6.68 (d, IH), 3.2-3.8 (m, 8H); LCMS 

purity: 97.37%; LCMS, m/z found 474.05 (M+l)+. 
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/V-(4-(4-(3-methoxypyridin-2-yl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92aq): 

lH NMR (400 MHz, CDC13) 5: 10.22 (s, IH), 9.14 (d, IH), 8.22-8.50 (ddd, 3H), 7.62-

7.78 (m, 3H), 7.11-7.22 (m, 5H), 6.82-6.86 (d, IH), 3.7 (s, 3H), 3.2-3.8 (m, 8H); 

LCMS purity: 97.96%; LCMS, m/z found 504.3(M+i)+. 

/V-(4-(4-(2-methoxypyridin-3-yI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (92ar): 

lH NMR (400 MHz, CDCh) 8: 10.21 (s, IH), 9.12-9.13 (d, IH), 8.27-8.53 (ddd, 3H), 

7.70-7.75 (m, 3H), 7.13-7.20 (m, 5H), 6.87-6.90 (dd, IH), 3.85 (s, 3H), 3.29-3.50 (m, 

4H), 2.92 (bm, 4H); LCMS purity 97.11%; LCMS, m/z found 504.3(M+7f. 

/V-(4-(4-(isoquinolin-4-yl)piperazine-l-carbonyl)phenyI)quinoIine-8-sulfonamide 
(92as): 

lH NMR (400 MHz, DMSO-d6) 8: 9.18 (d, 1H), 9.01 (s, IH), 8.52-8.58 (s, IH), 8.25-

8.41 (dd, 2H), 7.98-8.18 (m, 4H), 7.54-7.78 (m, 4H), 7.22-7.28 (d, 2H), 7.02-7.16 (d, 

2H), 3.82-3.98 (m, 4H), 2.94-3.22 (bs, 4H); HPLC purity 94.23%; MS m/z found 

524.25 (M+l)*. 
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Sodium (4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)phenyl)(quino!in-8-
ylsulfonyi) amide (92al): 

'H NMR (400 MHz, DMSG-d6) 8: 9.00 (s, 1H), 8.40 (m, 2H), 8.00 (d, IH), 7.60 (m, 

2H), 6.90 - 7.00 (m, 4H), 6.80 (m, 4H), 3.75 (s, 3H), 3.55 (bs, 4H), 2.90 (bs, 4H); 

LCMS purity: 95.17%; MS, m/z found 503.25 (M-Na+1)+. 

Sodium (4-(4-(pyrazin-2-yI)piperazine-l-carbonyI)phenyi)(quino!in-8-

yIsulfonyl)amide (92au): 

]H NMR (400 MHx, DMSO-d6) 8: 9.05 (s, IH), 8.40 (m, 2H), 8.30 (s, IH), 8.10 (in, 

2H), 7.85 (s, IH), 7.60 (m, 2H), 7.05 (d, 2H), 6.85 (d5 2H), 3.50 (bs, 8H); LCMS 

purity: 98.60%; MS, m/z found 475.15 (M-Na+1)+. 

/V-(4-(4-(pyrazin-2-yl)piperazine-l-carbonyI)phenyI)quinoIme-8-sulfonamide 

methane-sulfonate (92av): 

]H NMR (400 MHz, DMSO-d6) 8: 10.45 (s, IH), 9.05 (d, IH), 8.52 (d, IH), 8.40 (d, 

IH), 8.30 (m, 2H), 8.10 (s, IH), 7.85 (s, IH), 7.70 (m, 2H), 7.20 (d, 2H), 7.10 (d, 2H), 

3.50 (bm, 8H), 2.4 (s, 3H); LCMS purity: 98.41%; MS, m/z found 475.15 (M-
MSS03H+1)+. 
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Synthesis of N4-aryl/heteroaryi piperazine analogues with substituted phenyl 

central ring. 

Scheme 13 

Ar-Br 

93 

/—V 
+ HN N—Boc 

\ / 
85 

Pd(OAc)2, BINAP 

CS2CO3,1,4-dioxane, Ar' 
100 °C, overnight 

40 - 60% 

,Boc 
N MeOH.HCI 

94 

RT, 1 h, 90% Ar 
• N 

95 

COOH 
96 

Pyridine, DCM 

HOOC 

97 

f^NH.HC! 

12 
EDCI.HC!,HOBT 

DIPEA, DMF 
0 °C- rt, 12 h, 

40 - 60% 

Arv 

Where Ar = Subtituted Aryl and Heteroaryl 
R = Me, OH, OMe, CI, F 

General Procedure for Compound 94: Nitrogen was purged through a stirred 

solution of arylbromide (93, 2.15 mmol) in 1,4-dioxane (20 ml) at room temperature 

for 30 min. BINAP (0.134 g, 0.215 mmol), palladium acetate (0.0096 g, 0.043 mmol) 

and cesium carbonate (1.40 g, 4.3 mmol) were added to the reaction mixture and the 

nitrogen purging was continued for another 20 min. and finally N-Boc piperazine (85, 

0.4 g, 2.15 mmol) was added and stirred at 100 °C overnight under nitrogen 

atmosphere. After completion of the reaction (monitored by TLC), the reaction 

mixture was concentrated under vacuum. The residue was dissolved in water, 

extracted with ethyl acetate (3 x 50 ml). Combined organic extracts were washed with 

brine (20 ml), dried over anhydrous Sodium sulfate, filtered and concentrated under 

reduced pressure. The crude product was then purified by column chromatography 

(60-120 silica gel) using 10 % ethyl acetate-hexane to yield compound (94) (40-60%). 

General Procedure for Compound (95): A^-Boc-A^-arylpiperazine (94, 1.075 

mmol) was taken into a round bottomed flask and was added methanolic-HCl (20 ml, 

20 %) which resulted in formation of a homogeneous solution and was stirred for 1 h 

at room temperature. After completion of the reaction (monitored by TLC), the 

solvent was removed under vacuum. The crude product was washed with ethyl acetate 
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repeatedly and then dried well to obtain hydrochloride salt (95) (90%) as a white 

solid. 

General Procedure for Compound 97: To a solution of amine (96, 30.16 mmol) in a 

1:1 mixture of DCM-pyridine (50:50 ml) was added quinoline-8-sulfonyl chloride 

(89, 8.24 g, 36.19 mmol) under nitrogen atmosphere. The resultant solution was 

stirred overnight at room temperature. On completion of the reaction (monitored by 

TLC), the reaction mixture was diluted with dichloromethane (150 ml), washed with 

water (3 x 50 ml), IN HC1 solution (3 x 50 ml) and brine (50 ml. The combined 

organic extracts were dried over anhydrous sodium sulfate, filtered and concentrated 

under vacuum. Crude product was co-distilled with toluene to remove the remnants of 

pyridine and dried to yield sulfonamide (97) (70-90%) as an off-white solid and was 

used as such for the next step without further purification. 

General Procedure for Compounds 98a-l: To a stirred solution of the carboxylic 

acid (97, 0,61 mmol) in DMF at 0 °C under nitrogen atmosphere, EDCI (0.129 gm, 

0.671 mmol), HOBt (0.91 gm, 0.671 mmol) and DIPEA (0.31 ml, 1.83 mmol) were 

added and the resultant solution was stirred at room temperature for 30 min. Amine 

hydrochloride (95, 0.61 mmol) was then added at 0 °C and stirred overnight at room 

temperature. After completion of the reaction (monitored by TLC), the reaction 

mixture was poured into 1.0 M HC1 and extracted with EtOAc. The organic layer was 

washed with saturated NaHC03 solution, dried over NaS04 and filtered. The solvent 

was removed by rotary evaporation and the product was isolated by chromatography 

on silica gel (60-120 silica gel, 2% MeOH-DCM) or preparative HPLC to yield amide 

(98a-l) (40-60%) as an off-white solid. 

/V-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)-2-mcthoxyphenyI)quinoHne-8-

sulfona-mide (98a): 
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*H NMR (400 MHz, DMSO-cy 8: 10.30 (s, IH), 9.10 (d, 1H), 8.52 (d, IH), 8.45 (d, 

IH), 8.30 (d, IH), 7.72 (m, 2H), 6.95 (m, 5H), 6.80 (s, IH), 6.65 (d, IH), 3.80 (s, 

3H), 3.65 (bs, 2H), 3.60 (s, 3H), 3.10 (bs, 2H), 2.95 (bs, 2H), 2.80 (bs, 2H); HPLC 

purity 99.73%; MS, m/z found 533.30 (M+l)+. 

jV-(4-(4-(2-methoxyphenyl)piperazme-l-carbonyl)-3-chlorophenyl)qmnoiine-8-
sulfona-irtide (98b): 

3H NMR (400 MHz, DMSO-d6) 5: 10.60 (s, IH), 9.10 (d, IH), 8.55 (d, IH), 8.45 (d, 

IH), 8.30 (d, IH), 7.75 (m, 2H), 7.20 (m, 3H), 6.95 (m, 4H), 3.80 (s, 3H), 3.70 (bs, 

2H), 3.10 (bs, 2H), 2.95 (bs, 2H), 2.80 (bs, 2H); HPLC purity 94.42%; MS, m/z found 

537.25 (M+l)\ 

A^-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)-2-chlorophenyI)quinoline-8-

sulfona-mide (98c): 

lH NMR (400 MHz, DMSO-d6) 8: 10.50 (bs, IH), 9.10 (d, IH), 8.58 (d, IH), 8.35 (m, 

2H), 7.75 (m, 2H), 7.50 (d, IH), 7.40 (s, IH), 7.30 (d, IH), 6.95 (m, 3H), 6.85 (m, 

IH), 3.80 (s, 3H), 3.30 - 3.75 (bm, 4H), 2.95 (bm, 4H); LCMS purity 97.99%; MS, 

m/z found 537.20 (M+lf. 
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/V-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyi)-2-methylphenyl)quinoline-8-

sulfon-amide (98d): 

'H NMR (400 MHz, DMSO~d6) 5: 9.40 (s, IH), 9.14 (d, IH), 8.56 (d, IH), 8.30 (d, 

IH), 8.25 (d, IH), 7.70 (m, 2H), 7.15 (s, IH), 6.90-7.10 (m, 4H), 6.83 (m, 2H), 3.75 

(s, 3H), 3.30 - 3.75 (bm, 4H), 2.95 (bm, 4H), 2.05 (s, 3H); HPLC purity 99.11%; MS, 

m/z found 517.14 (M+l)*, 

/V-(4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)-2-hydroxyphenyl)quinoline-8-

sulfon-amide (98e): 

3H NMR (400 MHz, DMSO-d6) 5: 10.2 (s, IH), 9.98 (s, IH), 9.15 (d, IH), 8.52 (d, 

IH), 8.40 (d, IH), 8.30 (d, IH), 7.70 (m, 2H), 6.80 - 6.98 (m, 5H), 6.70 (s, IH), 6.55 

(d, IH), 3.75 (s, 3H), 3.30 - 3.60 (bm, 4H), 2.85 (bm, 4H); HPLC purity 95.25%; MS, 

m/z found 519.14 (M+l)*, 

/V-(4-(4-(2-methoxyplienyl)piperazine-l-carbonyl)-2-fluoropheny!)quinoline-8-

sulfonamide (98f): 

*H NMR (400 MHz, CDC13) 5: 9.15 (d, IH), 8.40 (d, IH), 8.30 (d, IH), 8.05 (d, IH), 

7.80 (t, IH), 7.60 (m, 2H), 7.13 - 7.25 (m, 3H), 7.10 (d, IH), 6.95 (m, 3H), 3.90 (s, 

3H), 3.65 - 4.05 (bm, 4H), 3.30 (bm, 4H); LCMS purity 99.50%; MS, m/z found 

521.10 (M+l)*. 
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/V-(4-(4-(2-methoxypyridhi-3-yl)piperazine-l-carbonyI)-2-

methylphenyI)quinoiine-8-sulfo-namide (98g): 

o 

!H NMR (400 MHz, DMSO-df)) 5: 9.16 (s, IH), 8.40-8.51 (d, IH), 8.20-8.38 (m, 2H), 

8.02-8.11 (d, IH), 7.82-8.88 (d, IH), 7.56-7.66 (m, 2H), 7.34-7.38 (m, 2H), 7.02-7.18 

(d, 2H), 6.84-6.88 (d, IH), 4.02 (s, 3H), 3.78-3.96 (bs, 2H), 3.58-3.62 (bs, 2H), 2.84-

3.12 (bs, 4H), 2.22 (s, 3H); HPLC purity 90.41%; MS, m/z found 518.20 

/V-(4-(4-(3-methoxypyridin-2-yi)piperazine-l-carbonyI)-2-

methylpheny I)quinoline-8-suifo-namide (98ii): 

]H NMR (400 MHz, DMSO-d6) 8: 9.16 (d, IH), 8.40-8.51 (d, IH), 8.23-8.31 (d, 1H), 

8.19 (s, IH), 8.02-8.11 (d, 1H), 7.82-8.84 (m, IH), 7.52-7.64 (m, 2H), 7.28-7.32 (m, 

IH), 7.11-7.18 (s, 1H), 6.98-7.02 (t, IH), 6.82-6.88 (m, IH), 3.88 (s, 3H), 3.78-3.84 

(bs, 2H), 3.26-3.64 (bs, 6H), 2.24 (s, 3H); LCMS purity 96.68%, LCMS, m/z found 

518.2 (M+l)\ 

/V-(2-fluoro-4-(4-(3-methoxypyridin-2-yi)piperazine-l-

carbonyl)phenyl)quinoHne-8-suIfon-amide (98i): 

lH NMR (400 MHz, DMSO-d6) 8: 9.18 (d, IH), 8.88 (s, IH), 8.38-8.42 (d, 1H), 8.20-

8.28 (m, 2H), 8.02-8.13 (d, 2H), 7.72-7.80 (t, 1H), 7.56-7.62 (m, 2H), 6.84-2.12 (dd, 
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2H), 6.70-6.78 (d, IH), 3.92 (s, 3H), 3.48-3.82 (bs, 4H), 3.00-3.18 (bs, 4H); LCMS 

purity 96.76%, LCMS, m/z found 522.2 (M+lf. 

N-(4-(4-(pyridin-4-yl)piperazine-l-carbonyl)-2-methylphenyl)quinoIine-8-

sulfonamide (98j): 

]H NMR (400 MHz, CDCI3) 5: 9.10 (d, 1H), 8.45 (d, IH), 8.30 (m, 4H), 8.15 (d, IH), 

7.60 (m, 2H), 7.35 (d, IH), 7.15 (d, IH), 7.05 (d, IH), 6.65 (d, 2H), 3.45 - 3.90 (bm, 

4H), 3.30 (bm, 4H), 2.22 (s, 3H); LCMS purity 100.00%; MS, m/z found 488.30 

(M+l)+. 

/V-(4-(4-(2-methoxypyridin-3-yl)piperazine-l-carbonyl)-2-

fIuorophenyI)quino!ine-8-sulfo-namide (98k): 

*H NMR (400 MHz, CDCI3) 8: 9.10 (d, IH), 8.40 (d, IH), 8.30 (m, 3H), 8.05 (d, IH), 

7.80 (m, IH), 7.60 (m, 2H), 7.05 (d, IH), 6.95 (d, 1H), 6.80 (d, 2H), 3.45 - 3.90 (bm, 

4H), 3.30 (bm, 4H); LCMS purity 99.81 %; MS, m/z found 492.30 (M+lf. 

AL(4-(4-(2-methoxypyridin-3-yl)piperazine-l-carbonyI)-2-

fluorophenyl)quinoline-8-suIfo-namide (981): 

!H NMR (400 MHz, CDC13) 8: 9.18 (d, IH), 8.90 (bs, IH), 8.40 (d, IH), 8.30 (d, IH), 

8.05 (d, IH), 7.85 (m, IH), 7.75 (m, IH), 7.60 (m, 2H), 7.05 (m, IH), 6.95 (d, IH), 
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6.80 (m, 1H), 4.00 (s, 3H), 3.45 - 3.90 (bm, 4H), 3.00 (bm, 4H); HPLC purity 

96.60%; MS, m/z found 522.25 (M+l)+. 

Scheme 14 

Pd(OAc)2, BINAP ( N'B0C MeOH.HCi < NH.HCI 

Ar-Br + Cs2COi, lA-tiioxane, RT. 1 h, 90% Af^-
OA 100 °C, overnight 

99 40-50% 100 101 

Where Ar = Subtituted ary! or heteroaryl 
R = H, CI, F, Me, OMe 

General Procedure for Compound (100): Nitrogen was purged through a stirred 

solution of arylbromide (84, 2.35 mmol) in 1,4-dioxane (20 ml) at room temperature 

for 30 min. BINAP (0.134 g, 0.215 mmol), palladium acetate (0.0096 g, 0.043 mmol) 

and cesium carbonate (1.40 g, 4.3 mmol) were added to the reaction mixture and the 

nitrogen purging was continued for another 20 min. and finally N-Boc 

homopiperazine (99, 0.428 g, 2.15 mmol) was added and stirred at 100 °C overnight 

under nitrogen atmosphere. After completion of the reaction (monitored by TLC), the 

reaction mixture was concentrated under vacuum. The residue was dissolved in water, 

extracted with ethyl acetate (3 x 50 ml). Combined organic extracts were washed with 

brine (20 ml), dried over anhydrous Sodium sulfate, filtered and concentrated under 

reduced pressure. The crude product was then purified by column chromatography 

(60-120 silica gel) using 10 % ethyl acetate-hexane to yield compound (100) (40-

50%). 
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General Procedure for Compound (101): A^-Boc-A^-arylhomopiperazine (100, 

1.070 mmol) was taken into a round bottomed flask and was added methanolic-HCl 

(20 ml, 20 %) which resulted in formation of a homogeneous solution and was stirred 

for 1 h at room temperature. After completion of the reaction (monitored by TLC), the 

solvent was removed under vacuum. The crude product was washed with ethyl acetate 

repeatedly and then dried well to obtain compound (101) (90%) as a white solid. 

General Procedure for Compound 103: To a solution of amine (102, 30.16 mmol) 

in a 1:1 mixture of DCM-pyridine (50:50 ml) was added quinoline-8-sulfonyl chloride 

(89, 8.24 g, 36.19 mmol) under nitrogen atmosphere. The resultant solution was 

stirred overnight at room temperature. On completion of the reaction (monitored by 

TLC), the reaction mixture was diluted with dichloromethane (150 ml), washed with 

water (3 x 50 ml), IN HC1 solution (3 x 50 ml) and brine (50 ml. The combined 

organic extracts were dried over anhydrous sodium sulfate, filtered and concentrated 

under vacuum. Crude product was co-distilled with toluene to remove the remnants of 

pyridine and dried to yield sulfonamide (103) (70-90%) as an off-white solid and was 

used as such for the next step without further purification. 

Procedure for preparation of 4-(quinoIine-8-sulfonamido)benzoic acid (104): 

Ester (103, 5 g, 14.04 mmol) was dissolved in a mixture of THF-water (100:100 ml) 

and maintained at room temperature. To this solution was added LiOH (3.0 g, 7.0 

mmol) and the resultant solution was refluxed overnight. The reaction mixture was 

then washed with ethyl acetate (3 x 50 ml) and then acidified with dilute HC1. The 

resultant suspension was filtered and residue was co-distilled with toluene. This 

product was then dried under vacuum to yield carboxylic acid (104) (80-90%) as an 

off-white solid. 

General Procedure for Compound 105a-g: To a stirred solution of the carboxylic 

acid (104, 0 .61 mmol) in DMF at 0 °C under nitrogen atmosphere, EDCI (0.129 gm, 

0.671 mmol), HOBt (0.91 gm, 0.671 mmol) and DIPEA (0.31 ml, 1.83 mmol) were 

added and the resultant solution was stirred at room temperature for 30 min. Amine 
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hydrochloride (101, 0.61 mmol) was then added at 0 °C and stirred overnight at room 

temperature. After completion of the reaction (monitored by TLC), the reaction 

mixture was poured into 1.0 M HC1 and extracted with EtOAc. The organic layer was 

washed with saturated NaHCOs solution, dried over NaS04 and filtered. The solvent 

was removed by rotary evaporation and the product was isolated by chromatography 

on silica gel (60-120 silica gel, 2% MeOH-DCM) or preparative HPLC to yield amide 

(105a-g) (40-60%) as an off-white solid, 

Af-(4-(4-phenyl-l,4-diazepane-l-carbony!)pheny!)quinoUne-8-sulfonaiiiide (105a): 

!H NMR (400 MHz, DMSO~d6) 5: 10.20 (s, IH), 9.10 (sf IH), 8.52 (d, IH), 8.40 (d, 

IH), 8.30 (d, IH), 7.70 (m, 2H), 6.85 - 7.20 (m, 5H), 6.40 - 6.75 (m, 4H), 3.10 - 3.70 

(m, 8H), 1.82 (bm, 2H); HPLC purity: 95.19%; MS, m/z found 487.30 (M+l)*. 

A^(6-(4-(2-methoxyphenyI)~lj4-diazepaiie-l-carboiiyl)pyridin-3-yI)quinolhie-8-

sulfon-amide (105b): 

XH NMR (400 MHz, DMSO-d6) 5: 9.15-9.19 (m, IH), 8.32-8.42 (m, 2H), 8.20-8.26 

(d, IH), 8.10-8.16 (m, IH), 7.58-7.74 (m, 5H), 7.20-7.28 (m, IH), 6.92-7-18 (m, 2H), 

4.15-4.20 (m, 4H), 3.81-3.88 (m, 4H), 3.82 (s, 3H), 2.42-2.58 (m, 2H); LCMS purity 

99.92%; MS, m/z found 518.5 (M+l f. 

AK2-chloro-4-(4-(2-methoxyphenyl)-l,4-cIiazepane-l-carbonyl)phenyl)quinoline-

8-sulfona-mide (105c): 
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NMR (400 MHz, DMSO-cl6) 8: 9.15 (d, 1H), 8080-8.92 (m, IH), 8.40-8.52 (m, 

IH), 8.20-8.26 (d, IH), 8.02-8.06 (d, IH), 7.68-7.82 (dd, IH), 7.54-7.62 (m, 2H), 

6.84-7.05 (m, 5H), 6.66-6.68 (d, 1H), 3.82 (s, 3H), 3.74-3.78 (m, 2H), 3.41-3.54 (m, 

2H), 3.21-3.36 (m, 3H), 3.16-3.19 (bs, 3H), 2.00-2.11 (bs, IH), 1.82-1.98 (bs, IH); 

LCMS purity 97.10%; LCMS, m/z found 551.4 (M+lf. 

/V-(3-chIoro-4-(4-(2-methoxyphenyl)-1,4-diazepane-l-carbonyI)phenyl)qiiinoline-

8-suIfona-mide (105d): 

!H NMR (400 MHz, DMSO-d6) 8: 9.15 (s, 1H), 8.32-8.44 (m, 3H), 8.05-8.10 (m, 

IH), 7.60-7.72 (m, 2H), 7.22-7.32 (m, 2H), 7.12(s, IH), 6.88-7.05 (m, 3H), 6.80-6.84 

(m, 1H), 3.74-3.91(01, 2H), 3.41 (s, 3H), 3.14-3.42 (m, 6H), 1.82-1.86 (m, 2H); 

LCMS purity 99.47%; MS, m/z found 551.4 (M+lf. 

/V-(2-fIuoro-4-(4-(2-methoxyphenyl)-l,4-diazepane-l-earbonyI)phenyI)quinoIine-

8-suifon-amide (105e): 

!H NMR (400 MHz, DMSO-d6) 8: 9.15 (s, IH), 8.32-8.44 (d, 2H), 8.02-8.07 (t, IH), 

7.70-7.84 (m, IH), 7.51-7.62 (m, 3H), 7.37-7-40(m, 2H), 6.82-7.10 (m, 4H), 3.91-

4.15(m, 2H), 3.78-3.88 (m, 2H), 3.82 (s, 3H), 3.62-3.70 (m, 2H), 3.52-3.58 (m, 2H), 

2.35-42 (m, 2H); LCMS purity 99.01%; MS, m/z found 535,5 (M+l)+. 

116 



WO 2011/002817 PCT/US2010/040486 

N-(4-(4-(2-methoxyphenyl)-l,4-diazepane-l-carbonyl)-2-methylphenyl)quinoline-
8-sulfona-niide (105f): 

*H NMR (400 MHz, DMSO-d6) 8: 9.25 (s, IH), 9.10 (d, IH), 8.54-8.58 (d, IH), 8.22-

8.30(dd, 2H), 7.68-7.76 (m, 2H), 6.78-7.18 (m, 7H), 3.81 (s, 3H), 3.20-3.64 (m, 8H), 

2.15 (s, 3H), 1.82 (bm, 2H); LCMS purity: 99.67%; MS, m/z found 531.4 (M+l J+. 

N-(2-methoxy-4-(4-(2~methoxyphenyl)-l,4-diazepane-l-

carbonyI)phenyI)quinoline-8-sulfo-namide (105g): 

*H NMR (400 MHz, DMSO-d6) 8: 9.17 (d, IH), 8.44 (s, IH), 8.34-8.58 (dd, 2H), 

8.02-8.10(d, 1H), 7.56-7.64 (t, 2H), 6.82-6.94 (m, 4H), 6.66-6.68 (m, IH), 6.24-6.38 

(m, IH), 3.81 (s, 3H), 3.64 (s, 3H), 3.58-3.60 (m, 2H), 3.24-3.40 (m, 4H), 3.04-3.22 

(m, 2H), 1.82 (bm, 2H); LCMS purity: 94.21%; MS, m/z found 547.3 (M+lf. 

Synthesis of N4-aryl/heteroaryI piperazine/homopiperazine reverse sulfonamide 
analogues. 

Scheme 15 
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General Procedure for Compound (108): Nitrogen was purged through a stirred 

solution of arylbromide (106, 0,4 g, 2.15 mmol) in 1,4-dioxane (20 ml) at room 

temperature for 30 min. BINAP (0.134 g, 0.215 mmol), palladium acetate (0.0096 g, 

0.043 mmol) and cesium carbonate (1.40 g, 4.3 mmol) were added to the reaction 

mixture and the nitrogen purging was continued for another 20 min. and finally N-

Boc amine (107,2 .15 mmol) was added and stirred at 100 °C overnight under 

nitrogen atmosphere. After completion of the reaction (monitored by TLC), the 

reaction mixture was concentrated under vacuum. The residue was dissolved in water, 

extracted with ethyl acetate (3 x 50 ml). Combined organic extracts were washed with 

brine (20 ml), dried over anhydrous Sodium sulfate, filtered and concentrated under 

reduced pressure. The crude product was then purified by column chromatography 

(60-120 silica gel) using 10 % ethyl acetate-hexane to yield compound (108) (40-

60%). 

General Procedure for Compound (109): Compound 108 (1.075 mmol) was taken 

into a round bottomed flask and was added methanolic-HCl (20 ml, 20 %) which 

resulted in formation of a homogeneous solution and was stirred for 1 h at room 

temperature. After completion of the reaction (monitored by TLC), the solvent was 

removed under vacuum. The crude product was washed with ethyl acetate repeatedly 

and then dried well to obtain compound (1.09) (90%) as a white solid. 

ex 
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Pd(OAc)2l BINAP 

Cs2C03,1,4-dioxane, 
100 °C, overnight 
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General Procedure for Compound 112: To a solution of (4-chlorosulfonyl)benzoic 

acid (110, 1.6 g, 7.27 mmol) in a J: 1 mixture of DCM-pyridine (50:50 ml) was added 

8-aminoquinoline (111, 1.15 g, 8.0 mmol) under nitrogen atmosphere. The resultant 

solution was stirred overnight at room temperature. On completion of the reaction 

(monitored by TLC), the reaction mixture was diluted with dichloromethane (150 ml), 

washed with water (3 x 50 mi), IN HC1 solution (3 x 50 ml) and brine (50 ml. The 

combined organic extracts were dried over anhydrous sodium sulfate, filtered and 

concentrated under vacuum. Crude product was co-distilled with toluene to remove 

the remnants of pyridine and dried to yield sulfonamide (112) (1.9 g, 80%) as an off-

white solid and was used as such for the next step without further purification. 

General Procedure for Compound 113/114: To a stirred solution of the carboxylic 

acid (112, 0.61 mmol) in DMF at 0 °C under nitrogen atmosphere, EDCI (0.129 gm, 

0.671 mmol), HOBt (0.91 gm, 0.671 mmol) and DIPEA (0.31 ml, 1.83 mmol) were 

added and the resultant solution was stirred at room temperature for 30 min. Amine 

hydrochloride (109, 0.61 mmol) was then added at 0 °C and stirred overnight at room 

temperature. After completion of the reaction (monitored by TLC), the reaction 

mixture was poured into 1.0 M IiCl and extracted with EtOAc. The organic layer was 

washed with saturated NaHC03 solution, dried over NaS04 and filtered. The solvent 

was removed by rotary evaporation and the product was isolated by chromatography 

on silica gel (60-120 silica gel, 2% MeOH-DCM) or preparative HPLC to yield amide 

(113/114) (50-60%) as an off-white solid. 

4-(4-(2-methoxyphenyl)piperazine-l-carbonyl)-N-(qiiinolin-8-

yl)benzenesulfonamide (1.13): 

]H NMR (400 MHz, DMSO~d6) 5: 10.18(s, IH), 8.92 (s, IH), 8.54-8.56 (d, IH), 7.89-

7.93 (d, 2H), 7.66-7.94 (m, 2H), 7.44-7.57 (m, 4H), 6.94-6.98 (m, 2H), 6.83-6.86 (m, 

o 
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2H), 3.78 (s, 3H), 3.61-3.69 (m, 2H), 3.20-3.54 (m, 2H), 2.91-2.94 (bs, 2H), 1.82-1.86 

(bs, 2H); HPLC purity 99.01%; MS, m/z found 503.3 (M+l f. 

4-(4-(2-methoxyphenyl)-l,4-diazepane-l-carbonyI)-N-(quinolin-8-

yl)benzenesulfonamide (114): 

lH NMR (400 MHz, DM.SO-d6) S; 9.25 (s, IH), 8.78 (s, IH), 8.15 (d, 1H), 7.80-7.99 

(m, 3H), 7.38-7.59(rn, 4H), 7.15-7.27 (m, 2H), 6.80-7.00 (m, 3H), 3.74-3.91(m, 2H), 

3.41 (s, 3H), 3.14-3.42 (m, 6H), 1.82-1.86 (m, 2H); LCMS purity 99.97%; MS, m/z 

found 517.3 (M+Jf. 

Synthesis of Piperazine Based Compounds with Substituted Phenyl Rings 

Scheme 16 

o_, 
0*s 

89 

CI 

(TV .., 
EtOOC*"^*^ °° 

LiOH, 
THF-H20 

reflux, 12 hr HOoc 

90 91 

1. r M 

EDCI, HOBt, 
D8PEA, DMF 

RT,16 hr 

2. NleOH I HCt 

O x 
Ar^OH 

EDCI, HOBt, 
DIPEA, DMF 

RTS16 hr 

115 116a-bg 

Ethyl 4-(quinoline-8-sulfonamido)benzoate (90): To a stirred solution of ethyl 4-

aminobenzoate (5 gm, 30.3 mmol) under nitrogen atmosphere was added pyridine (50 

ml) at 0 °C and stirred for 10 min. Quinoline-8-sulfonyl chloride 89 (8.94 gm, 39.4 

mmol) was then added to the reaction mixture at the same temperature. The resulting 

mixture was stirred for 16 hr at RT. After completion of the reaction, the solvent was 
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removed under low pressure. The traces of pyridine were removed by co-distillation 

with toluene. Diethylether was added to the resulting residue, and the solid product 

was filtered out and air-dried. The resulting crude product (8.0 gm, 74 %) was taken 

to the next step without further purification. 

4-(Quinoline-8-suIfonamido)benzoic acid (91): To a stirred solution of ethyl 4-

(quinoline-8-sulfonamido)benzoate 90 (8 gm, 22.4 mmol) in THF:H20 (1:1) under 

nitrogen atmosphere was added solid LiOH (9.4 gm, 224 mmol) at RT. The solution 

was then refluxed for 6 hr. After completion of the reaction, the reaction mixture was 

washed with ethyl acetate (2x 100 ml) to remove non polar impurities. The aqueous 

layer was acidified (pH 4) with citric acid solution. The resultant precipitate was 

filtered out and air-dried. The traces of water were removed by co-distillation with 

toluene. The resultant off white solid (5.9 gm, 80 %) was taken to the next step 

without further purification. 

N-(4-(Piperazine-l-carbonyI)phenyl)qumoline-8-sulfonamide (115): EDCI (3.8 g, 

19.8 mmol) and HOBT (2.67 g, 19.8 mmol) were added to a stirred solution of the 

acid 91 (6.5 g, 19.8 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (11 ml, 59.45 mmol) was added under nitrogen 

atmosphere and the resultant solution (or suspension) was stirred at room temperature 

for 30 min. Boc-piperazine (3.68 g, 19.8 mmol) was then added at 0 °C. The reaction 

mixture was then brought to room temperature and stirred overnight. After completion 

of the reaction, the reaction mixture was diluted with water and extracted with ethyl 

acetate (3 x 70 ml). The organic layer was washed with water (3 x 50 ml), dried over 

anhydrous sodium sulfate, filtered and concentrated over the rotary evaporator to get 

the crude product. Crude product was purified by column chromatography (60-120 

silica gel, 2% MeOH-DCM) to get pure product, Boc-115 (8.0 g, 82%) as an off-

white solid, which was subjected to the treatment with methanolic HC1 (100 ml) for 2 

hr at RT. After the complete cleavage of Boc-group, the solvent was removed under 

low pressure, to give the crude product as an HC1 salt. The aqueous solution of the 

salt was washed with diethylether and basified with NaHC03 (pH 10). The desired 
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product was then partitioned into ethyl acetate, dried with anhydrous Na2S04 and the 

solvent removed under low pressure to get the free amine 115 as off white solid (6.0 

General procedure for the synthesis of amides 116a-bg: EDCI (48 mg, 0.2525 

mmol) and HOBT (34 mg, 0.2525 mmol) were added to a stirred solution of the Ar-

COOH (0.2525 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (139 fil, 0.7575 mmol) was added under 

nitrogen atmosphere and the resultant solution (or suspension) was stirred at room 

temperature for 30 min. Amine 115 (100 mg, 0.2525 mmol.) was then added at 0 °C. 

The reaction mixture was then brought to room temperature and stirred overnight. 

After completion of the reaction, the reaction mixture was diluted with water and 

extracted with ethyl acetate (3 x 15 ml). The organic layer was washed with water (3 x 

10 ml), dried over anhydrous sodium sulfate, filtered and concentrated over the rotary 

evaporator to get the crude product. Crude product was purified by either by silica 

column chromatography or preparative HPLC to obtain the pure products in 55-69% 

/V-(4-(4-Picoiinoylpiperazine-l-carbonyl)phenyl)qumolme-8-sijifonamide (116a): 

]H NMR (400 MHz, DMSO-d6) 6: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.4-7.6 (m, 2H), 

7.7 (m, 2H), 7.9 (in, IH), 8.3 (m, 1H), 8.4-8.6 (m, 3H), 9.1 (d, IH), 10.2-10.4 (s, 1.H); 

HPLC Purity: 95.7%; LCMS, m/z found 502.1 (M+l f. 

/V-(4-(4-Nicotmoylpiperazine-l-carbonyl)phenyl)quinoline-8-sulfonamide (116b): 

g, 95 %). 

yields. 

o 
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]H NMR (400 MHz, CDCb) 5: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.4 (m, IH), 7.6-7.8 

(m, 3H), 8.0 (m, IH), 8.3 (m, 2H), 8.4-8.6 (m, 3H), 9.1 (d, 1H), 10.2-10.4 (s, IH); 

HPLC Purity: 96.7%; LCMS, m/z found 502.2 (M+l)+. 

N-(4-(4-IsonicotinoyIpiperazine-l-carboiiyI)phenyI)quinoIine-8-sulfonamide 

(116c): 

*H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6 (m, 2H), 8.0 (m, 

IH), 8.2-8.4 (m, 2H), 8.6 (m, 3H), 9.1 (m, 2H), 10.2-10.4 (s, IH); HPLC Purity: 

98.8%; LCMS, m/z found 502.1 (M+1)+. 

A^-(4-(4-(2-MethylnicotinoyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (116d): 

0 

!H NMR (400 MHz, DMSG~d6) 8: 3.2 (s, 3H), 3.3-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.4 

(m, IH), 7.6-7.9 (m, 3H), 8.2 (m, IH), 8.4-8.6 (m, 3H), 9.1 (m, 1H), 10.4 (s, IH); 

HPLC Purity: 99.2%; LCMS, m/z found 516.4 (M+l)\ 

/V-(4-(4-(2.6-Dichloronicotinoyl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (116e): 
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'H NMR (400 MHz, DMSO-d6) 5: 3.2 (s, 3H), 3.3-3.8 (m, 8H), 7.0-7.4 (m, 4H), 7.6 

(in, 3H), 8.0 (m, IH), 8.2 (m, 2H), 8.6 (m, IH), 9.1 (m, JH), 10.4 (s, 3H); HPLC 

Purity: 98.8%; LCMS, m/z found 570.3 (M+J f. 

N-(4-(4-(6-MethylpicoIinoyl)piperazine-l-carbonyI)phenyI)quinoline-8-
sulfonamide (116f): 

]H NMR (400 MHz, DMSO~d6) 5: 2.5 (s,3H), 3.3-3.8 (m, 8H), 7.0-7.3 (m, 5H), 7.4 

(m, 1H), 7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 1H), 8.6 (m, IH), 10.4 (s, IH); 

HPLC Purity: 99.9%; LCMS, m/z found 516.1 (M+l)\ 

JV-(4-(4-(Pyrazine-2-carbonyl)piperazine-l-carbonyI)phenyl)quinoline-8-
sulfonamide (116g): 

SH NMR (400 MHz, CDC13) 5: 3.3-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6 (m, 2H), 8.0 (m, 

IH), 8.2-8.4 (m, 2H), 8.2-8.4 (m, IH), 8.6 (m, 2H), 9.0 (s, IH), 9.2(m, IH); HPLC 

Purity: 97.5%; LCMS, m/z found 503.2 (M+J)+. 

/V-(4-(4-(3-MethoxybenzoyI)piperazine-l-carbonyl)phenyl)quinoline-8-
suifonamide (116h): 
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*H NMR (400 MHz, DMSO-d6) 8: 33-3.8 (m, 8H), 3.9 (s, 3H), 6.9-7.0 (m, 3H), 

7.2(m, 4H), 7.4 (m, IH), 7.9 (m, 2H), 8.2 (m, 1H), 8.4-8.6 (m, 2H), 9.1 (s, IH), 10.5 

(s, IH); HPLC Purity: 97.3%; LCMS, m/zfound 531.3 (M+l)\ 

N-(4-(4-(2-FIuorobenzoyI)piperazine-l-carbonyi)phenyl)quinoIine~8-su!fonarnide 

'H NMR (400 MHz, DMSO-d6) 8: 3.2 (m, 4H), 3.4 (m, 2H), 3.6 (m, 2H) 7.0-7.5 (m, 

8H), 7.7 (m, 2H), 8.2 (m, 1H), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC 

Purity: 97.3%; LCMS, m/z found 519.3 (M+l)+. 

N-(4-(4-(3-Fluorobenzoyl)piperaziiie-t-carbonyl)phenyI)quinoIiiie-8-sulfoiiamide 

(116J): 

JH NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 6H), 7.4(m, 2H), 7.8 

(m, 2H), 8.2-8.5 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 97.3%; LCMS, m/z 

found 519.3 (M+l)+, 

/V-(4-(4-(4-Fluorobenzoyl)piperaziiie-l-carbonyr)phenyl)qiiinoHne-8-sulfonamide 
(116k): 
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lH NMR (400 MHz, DMSO-d6) 5: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 6H), 7.4 (m, 2H), 7.8 

(m, 2H), 8.2-8.5 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 97.3%; LCMS, m/z 

found 519.3 (M+l)+, 

/V-(4-(4-(2,3-DifluorobenzoyI)piperazine-3-carbonyl)phenyl)quinoline-8-

sulfonamide (1161): 

F O 

!H NMR (400 MHz, DMSO-d6) 5: 3.2 (m, 4H), 3.6 (m, 4Ii), 7.0-7.4 (m, 6H), 7.5-7.8 

(m, 3H), 8.2 (m, IH), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 

94.3%; LCMS, m/z found 537.3 (M+lf. 

/V-(4-(4-(2,3-DimethoxybenzoyI)piperazine-l-carbonyl)pheny!)quinoline-8-

sulfonamide (116m): 

OCH3 O 

'H NMR (400 MHz, DMSO-d6) 8: 3.2 (m, 4H), 3.6 (m, 4H), 3.7 (s, 3H), 3.8 (s, 3H), 

6.8 (m, IH), 7.0-7.2 (m, 6H), 7.6-7.8 (m, 2H), 8.2 (m, IH), 8.4-8.6 (m, 2H) 9.1 (m, 

IH), 10.5 (s, IH); HPLC Purity: 97.2%; LCMS, m/z found 561.1 (M+J)+. 

/V-(4-(4-Benzoylpiperazine-l-carbonyI)phenyl)quinoIine-8-sulfonamide (116n): 
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*H NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (s, 8H), 6.8 (m, IH), 7.0-7.2 (m, 6H), 7.6-

7.8 (m, 2H), 8.2 (m, 2H), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 

98.2%; LCMS, m/z found 501.2 (M+lf. 

/V-(4-(4-(4-Chlorobenzoyl)piperazine-l-carbonyl)pIienyI)quinoline-8-sulfonamide 
(116o): 

JH NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.2-7.6 (m, 4H), 

7.6-7.8 (m, 2H), 8.2-8.6 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 99.7%; 

LCMS, m/z found 535.0 (M+l 

/V-(4-(4-(4-Chloro-2,5-c!ifIuorobenzoyl)piperazine-l"Carbonyl)phenyi)quinoHne-

8-suifonamide (116p): 

F 0 

lH NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 4H), 

8.2-8.6 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 99.7%; LCMS, m/z found 

555.4 (M+l)+. 

/V-(4-(4-(2-NaphthoyI)piperazine-l-carbonyI)plienyI)qu5noHne-8-sulfonamide 

(116r): 

!H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.4-7.6 (m, 5H), 7.8 

(m, 4H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 

98.4%; LCMS, m/z found 551.4 (M+l)\ 
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/V-(4-(4-(2-(4-F!uorophenyl)-2-methyipropanoyl)piperazine-l-

carbonyl)phenyl)quinoIine-8-sulfonami(le (116s): 

lU NMR (400 MHz, DMSO-d6) 8: 1.2 (s, 6H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 8H), 7.6-

7.8 (m, 2H), 8.2-8.6 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 98.4%; LCMS, 

m/z found 561.4 (M+l)*. 

/V-(4-(4-(2-MethyI-2-phenyipropanoyi)piperazine-3-carbonyl)phenyl)quinoline-8-

sulfonamide (1161): 

5H NMR (400 MHz, CD.OD) 8: 3.2-3.8 (m, 8H), 3.9 (s, 2H), 7.2-7.4 (m, 9H), 7.6-7.8 

(m, 2H), 8.2 (m, IH), 8.4 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 99.4%; 

LCMS, m/z found 515.3 (M+lf. 

/V-(4-(4-(3-(Thiophen-2-yI)propanoyl)piperazine-l-carbonyl)phenyl)quinoUne-8-

sulfonamide (116n): 

SH NMR (400 MHz, DMSO-d6) 5: 2.4-2.6 (m, 3H), 2.7 (m, 2H), 3.0 (m, 2H), 3.2-3.6 

(m, 5H), 6.9 (m, 2H), 7.0-7.2 (m, 4H), 7.4 (m, IH), 7.8 (m, 2H), 8.2-8.6 (m, 3H), 9.1 

(m, IH), 10.5 (s, IH); HPLC Purity: 98.0%; LCMS, m/z found 535.1 (M+l)\ 
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/V-(4-(4-(2-CyclopropyIacetyl)piperazine-l-carbonyl)phenyl)quinoIine-8-

suifonamide (116v): 

!H NMR (400 MHz, CDCh) 5: 0.2 (m,2H), 0.6 (m, 2H), 1.0 (m,lH), 3.3-3.8 (m, 8H), 

7.0-7.2 (m, 4H), 7.6 (m, 2H), 8.0(m, IH), 8.2-8.4 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); 

HPLC Purity: 99.9%; LCMS, m/z found 479.4 (M+lf. 

/V-(4-(4-(Thiazoie-4-carbonyI)piperazine-l-c.arbonyl)phenyl)quinoline-8-

sulfonamide (116w): 

*H NMR (400 MHz, CDC13) 8: 3.3-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.0-

8.2 (m, 2H), 8.4-8.6 (m, 2H), 9.1 (m, 2H), 10.5 (s, IH); HPLC Purity: 98.2%; LCMS, 

m/z found 508.1 (M+lf. 

N-(4-(4-(l,2,3-Thiadiazole-4-carbonyl)piperazine-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (116x): 

lH NMR (400 MHz, DMSO-d6) 5: 3.3-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 

8.2-8.6 (m, 3H), 9.1 (m, IH), 9.6 (s,lH), 10.5 (s, IH); HPLC Purity: 98.2%; LCMS, 

m/zfound 508.1 (M+lf. 

iY-(4-(4-(lH-Pyrroie-2-carbonyI)piperazine-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (116y): 
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o 

*H NMR (400 MHz, DMSO-d6) 5: 3.2-3.8 (m, 8H), 6.0 (m,lH), 6.4 (m;lH), 6.8 

(m,lH), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.2 (mJH), 8.4-8.6 (m, 2H), 9.1 (m, IH), 

10.5 (s, IH), 11.4 (s,lH); HPLC Purity: 99.2%; LCMS, m/z found 490.3 (M+l)+. 

/V-(4-(4-(2-Methylthiazole-5-carbonyl)piperazine-l~carbony!)phenyl)quinoiine-8-

sulfonamide (116z): 

]H NMR (400 MHz, CDC13) 5: 2.3 (s, 3H), 3.6-3.8 (m, 8H), 7.0-7.2 (m,5H), 7.6 

(m,2H), 8.0 (m,lH), 8.2-8.4 (m, 2H), 9.1 (m, IH); HPLC Purity: 99.7%; LCMS, m/z 

found 521.6 (M+l)+. 

/V-(4-(4-(Cyclopropanecarbonyl)piperazine-I-carbonyl)phenyl)quinoline-8-

sulfonamide (116aa): 

]H NMR (400 MHz, DMSO~d6) S: 0.6-0.8 (m, 2H), 2.0 (m, IH), 3.2-3.8 (m, 8H), 

7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.2 (m,lH), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, 

IH) ; HPLC Purity: 99.0%; LCMS, m/z found 465.35 (M+J)+. 

/V-(4-(4-(CyclohexanecarbonyI)piperazine-T-carbonyl)phenyI)quinoline-8-

sulfonamide (116ab): 
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o 

[H NMR (400 MHz. DMSO-d6) 8: 1.0-1.2 (m,5H), 1.64.8 (m,5H), 2.5 (m,lH), 3.2-

3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.2 (m,l.H), 8.4-8.6 (m, 2H), 9.1 (m, 

IH), 10.5 (s, IH); HPLC Purity: 93.0%; LCMS, m/z found 507.15 (M+lf. 

/V-PhenyI-4-(4-(quinoIme-8-sulfonamido)beiizoyl)piperazine-l-carboxamide 

(116ac): 

!H NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m,8H), 7.0-7.2 (m, 6H),7.4 (m, 2H), 7.6 

(m, 2H), 8.2 (m, 2H), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 

99.4%; LCMS, m/z found 516.4 (M+l 

/V-(3-MethoxyphenyI)-4-(4-(qinnoliiie-8-siilfonamido)benzoyl)piperazine-l-

carboxamide (lJ6ad): 

*H NMR (400 MHz, DMSO-d6) 5: 3.8 (m 8H), 3.9 (s, 3H), 6.48 (s, IH), 7.23 (m, 7H), 

7.9 (m, 2H), 8.3 (s, IH), 8.4-8.6 (d, 2H), 8.72 (s, IH), 9.24 (s, IH), 10.53 (s, IH); 

HPLC Purity: 95.27%; MS, m/z found 546.16 (M+l)\ 

/V-(2-Methoxyphenyl)-4-(4-(quiiioIine-8-sulfonaniido)benzoyI)piperazme-l-

carboxamide (116ae): 
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]H NMR (400 MHz, DMSO-d6) 5: 3.8 (m 8H), 3.9 (s, 3H), 6.8 (d 2H), 6.98 (d, 2H), 

7.23 (m, 4H), 7.9 (m, 4H), 8.42 (d, IH), 8.6 (d, IH), 8.72 (d, IH), 9.24 (s, IH), 10.53 

(s, IH); HPLC Purity: 97.73%; MS, m/z found 546.14 (M+l)\ 

N-(4-MethoxyphenyI)-4-(4-(quinoline-8-suIfonamido)benzoyl)piperazine-l-

carboxamide (1.16af): 

'H NMR (400MHz, DMSO-d6) 6: 3.8 (m 8H), 3.9 (s, 3H), 5.9 (S1H), 6.8 (d 2H), 

6.98 (d, 2H), 7.23 (m, 6H), 7.9 (m, 2H), 8.2-8.6 (m, 4H), 9.24 (s, IH), 10.53 (s, IH); 

HPLC Purity: 98.22%; MS, m/z found 546.17 (M+l)+. 

/V-(2,4-DifliiorGphenyl)-4-(4-(quinoiine-8-suIfonaiTiido)benzoyl)piperaziiie-l-

carboxamide (116ag): 

*H NMR (400 MHz, DMSO-d6) 8: 3.4 (m 8H), 7.9 (m 7H), 7.5 (m, 2H), 8.2-8.5 (d, 

3H), 9.24 (s, IH); HPLC Purity: 95.79%; MS, m/z found 552.19 (M+l)+, 

/V-(2-FSuorophenyl)-4-(4-(quinoline-8-sulfonamido)benzoyl)piperazine-l-

carboxamide (116ah): 
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]H NMR (400MHz, DMSO-d6) 5: 3.8 (m 8H), 7.2 (m, 7H), 7.6 (S, IH), 7.9 (d, 2H), 

8,2 -8.6 (d, 4H), 9.24 (s, 1H), 10.53 (s, IH); HPLC Purity: 95.38%; MS, m/z found 

534.22 (M+l)+. 

/V-(4-FIuoropheiiyl)-4-(4-(quinoIi)ie-8-sulfonamido)benzoyl)piperazine-l-

carboxamide (116ai): 

*H NMR (400 MHz, DMSO-dg) 5: 3.8 (m 8H), 7.2 (m, 5H), 7.42 (d, 2H), 7.6 (d, 2H), 

8. 2-8.6 (d, 4H), 10.53 (s, IH), 9.24 (s, IH); HPLC Purity: 98.92%; MS, m/z found 

532.42 (M+l)+, 

Af-(4-Cyanophenyl)-4-(4-(quinoIine-8-sulfonamido)benzoyI)piperazine-l-

carboxamide (116aj): 

!H NMR (400 MHz, DMSO-d6) 5: 3.8 (m 8H), 7.23 (d, 4H), 7.9 (m, 6H), 8.42 (d, 

IH), 8.2 (d, IH), 8.15 (d, IH), 9.23 (S IH),), 9.1 (s, IH), 10.53 (s, IH); HPLC Purity: 

97.97%; MS, m/z found 541.30 (M+l f. 

/V-(2-ChIoropheiiyl)-4-(4-(quinoiine-8-siilfonamido)benzoyl)piperaziiie-l-

carboxainide (116ak): 
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lll NMR (400 MHz, DMSO-d6) 5: 3.3 (m 8H), 7.2 (m, 6H), 7.3 (d, 4H), 7.9 (m, 2H), 

8.42 (d, 2H), 8.5 (d, IH), 8.52 (d, IH), 9.24 (s, IH), 10.53 (s, IH); HPLC Purity: 

97.73%; MS, m/z found 546.14 (M+l)+. 

4-(4-(QuinoIine-8-sulfonamido)benzoyI)-iV-(p-tolyI)piperazine-l -carboxamide 

(116a!): 

*H NMR (400 MHz, DMSO-d6) 6: 2.2 (S 3H), 3.8 (m 8H), 7.1-7.3 (m, 7H), 7.9 (m, 

2H), 8.23-8.4 (d, 4H), 9.1 (s, IH), 10.53 (s, IH); HPLC Purity: 98.27 %; MS, m/z 

found 530.19 (M+lf. 

/V-(4-ChIorophenyI)-4-(4-(quinotine-8-suifonamido)benzoy!)piperazme-l-

carboxamide (116am): 

]H NMR (400 MHz, DMSO-d6) 5: 3.3 (m 8H), 7.2 (m, 6H), 7.4 (d, 2H), 7.9 (m, 2H), 

8.42 (d, 2H), 8.5 (d, IH), 8.62 (d, IH), 9.24 (s, IH), 10.43 (s, IH); HPLC Purity: 

97.92 %; MS, m/zfound 550.14 (M+l)+. 

4-(4-(Quinoline-8-suifonamido)benzoyl)-N-(4-
(trifluoromethyl)phenyl)piperazine-l-carboxamide (116an): 
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'H NMR (400 MHz. DMSO-d6) 8: 3.3 (m 8H), 7.4 (m, 6H), 7.5 (d, 2H), 8.0 (m, 2H), 

8.6 (d, 2H), 8.7 (d, IH), 8.8 (d, IH), 9.24 (s, 1H), 10.43 (s, IH); HPLC Purity; 97.90 

%; MS, m/z found 584.05 (M+l)\ 

Ar-(2-ChIoro-5-(trifluoromethyJ)phenyI)-4-(4-(qu«noIine-8-

sulfonamido)benzoyl)piperazine-l-carbothioamide (116ao): 

*H NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 5H), 

8.2 (m, 1H), 8.4-8.6 (m, 2H), 9.1 (m, IH), 9.4 (m, IH), 10.5 (s, IH); HPLC Purity: 

96.1%; LCMS, m/z found 634.17 (M+l)+. 

Ethyl 4-(4-(4-(quh]oline-8-siiIfonamido)benzoyl)piperazine-l-

carboxainido)butanoate (116ap): 

5H NMR (400 MHz, CDC13) 8: 1.2 (t, 3H), 1.8 (q, 2H), 2.4 (t, 2H), 3.2-3.8 (m, 8H), 

3.6 (m, 2H), 4.1 (m, 2H), 5.0 (m, IH), 7.0-7.2 (m, 4H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 

(m, 2H), 8.6 (m, IH), 9.1 (m, IH); HPLC Purity: 98.7%; LCMS, m/z found 554.19 

(M+lf. 

Ethyl 3~(4-(4-(quiiioliiie-8-sulfonamido)benzoyl)piperazine-l-

carboxamido)propanoatc (116aq): 
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]H NMR (400 MHz, CD3OD) 5: 1.2 (t, 3H), 2.5 (t, 2H), 3.2-3.8 (m, 8H), 3.6 (m, 2H), 

4.1 (m, 2H), 7.2 (m, 4H), 7.6 (m, 2H),8.2(m, lH),8.4(m, 2H),9.1 (m, IH); HPLC 

Purity: 99.3%; LCMS, m/z found 540.1 (M+J)+. 

/V-(3-ChIoropropyl)-4-(4-(qiimoline-8-suIfonamido)benzoyi)piperazme-l-

carboxamide (316ar): 

lU NMR (400 MHz, CD3OD) 8: 2.5 (m, 2H), 3.6 (t, 2H), 3.8 (t, 3H), 3.2-3.8 (m, 8H), 

7.2 (m, 4H),7.6 (m, 2H), 8.2 (m, 1H), 8.4 (m, 2H), 9.1 (m, IH); HPLC Purity: 98.3%; 

LCMS, m/z found 517.1 (M+l)+. 

A7-(4-(4-(3-(4-(TrifluoromethyI)phenyI)propanoyI)piperazine-l-
carbonyl)phenyl)quinoIine-8-sulfonamide (116as): 

JH NMR (400 MHz, DMSO-d6) 8: 2.7 (t, 2H), 2.9 (t, 2H), 3.2-3.8 (m, 8H), 7.2 (m, 

4H), 7.5 (m, 2H), 7.6-7.8 (m, 4H), 8.3 (m, IH), 8.4-8.6 (m, 2H), 9.1 (m, 1.H), 10.5 (s, 

IH); HPLC Purity: 99.0%; LCMS, m/z found 597.45 (M+l)\ 

Isobutyl 4-(4-(qumoline-8-siilfonamido)benzoyI)piperazine-l-carboxylafe 

(116at): 
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*H NMR (400 MHz, DMSO-d6) 5: 0.8-0.91 (t, 6H), 1.90 (m,IH), 3.4-3.6 (m, 8H), 3.8 

(d, 2H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.2 (m, IH), 8.4-8.6 (m, 2H), 9.1 (m, 1H), 

10.5 (s, IH); HPLC Purity: 99.91%; LCMS, m/z found 497.18 (M+l)\ 

Ethyl 4-(4-(quinoIine-8-sulfonamido)benzoyl)piperazine-l-carboxyIate (116au): 

JH NMR (400 MHz, DMSO-d6) 8: 1.3 (t, 3H), 3.4-3.6 (m, 8H), 4.1 (q, 2H), 7.2 (m, 

4H), 7.7-7.8 (m, 2H), 8.2 (m, IH), 8.5-8.6 (m, 2H), 9.2 (m, IH), 10.4(s, IH); HPLC 

Purity: 99.65%; LCMS, m/z found 469.10 (M+l j\ 

Isopropyl 4-(4-(quinoIine-8-suIfonamido)benzoyl)piperazine-l-carboxylate 

(116av): 

3H NMR (400 MHz, DMSO-d6) 5: 1.02-1-21. (m, 6H), 4.81-4.9 (m, lH), 7.0-7.2 (m, 

4H), 7.6-7.8 (m, 2H), 8.2 (m, IH), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC 

Purity: 94.12%; LCMS, m/z found 481.51 (M-l)+. 

Phenyl 4-(4«(quinoUne-8-sulfonamido)benzoyl)piperazine-l-carboxyIate (116aw): 

Qj ^ n 
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!H NMR (400 MHz, DMSO-d6) S: 3.4-3.8 (m, 8H), 7,0-7.2 (m, 7H), 7.4-7.6 (m, 2H)( 

7.8.-7.85 (m, 2H), 8.2-8.6 (m, 3H), 9.1 (m, IH), 10.5 (s, IH); HPLC Purity: 99.71%; 

LCMS, m/z found 517.25 (M+l)+. 

3-FIuorophenyI 4-(4-(quinoiine-8-suIfonamido)benzoyI)piperazine-l-carboxyIate 
(1.16ax): 

'H NMR (400 MHz, DMSO-dfi) 5: 3.4-3.8. (m, 8H), 7.0-7.2 (m, 7H), 7.4-7.6 (m, IH), 

7.8.-7.85 (m, 2H), 8.2-8.6 (m, 3H), 9.1(m, IH), 10.5 (s, IH); HPLC Purity: 95,75%; 

LCMS, m/z found 535.25 (M+l f. 

4-FluorophenyI 4~(4-(quinoIine-8-sulfonamido)benzoyl)piperazine-l-carboxylate 
(116ay): 

lH NMR (400 MHz, DMSO-d6) S: 3.4-3.8 (m, 8H), 7.0-7.2 (m, 8H), 7.8-7.85 (m, 2H), 

8.2-8.6 (m, 3H), 9.1 (m, IH), 10.5(s, IH); HPLC Purity: 95.05%; LCMS, m/z found 

535.27 (M+lf. 

4-ChlorophenyI 4-(4-(quinoiine-8-suIfonam!do)benzoyl)piperazine-l-carboxyIate 

(1.16az): 
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JH NMR (400 MHz, DMSO-d6) 6: 3.4-3.8 (m, 8H), 7.0-7.2 (m, 6H), 7.4 (d, 2H), 7.7 

(rn, 2H), 8.3-8.5 (m, 3H), 9.2 (m, IH), 10.5 (s, IH); HPLC Purity: 99.41%; LCMS, 

m/z found 549.56 (M)+, 

p-Tolyl 4-(4-(qumoline-8-suIfonamido)benzoyl)piperazine-l-carboxylate (116ba): 

NMR (400 MHz, DMSO-d*) 6: 2.2 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 2H), 7.2 (m, 

6H), 7.6-7.8 (m, 2H), 8.3 (m, IH), 8.4-8.6 (m, 2H), 9.1 (m, IH), 10.5 (s, IH) ; HPLC 

Purity: 99.5%; LCMS, m/z found 531.58 (M+lf. 

3-ChIorophenyl 4-(4-(quinoline-8-siiIfonamido)benzoyl)piperazine-l-carboxylate 

(116bb): 

JH NMR (400 MHz, DMSO-d6) 8: 3.4-3.8 (ra, 8Ii), 7.0-7.2 (m, 8H), 7.6-7.8 (m, 2H), 

8.2-8.6 (m, 3H), 9.1 (m, IH), HPLC Purity: 99.79%; LCMS, m/z found 549.58 (Mf. 

m-ToIyl 4-(4-(quisioline-8-suIfonamido)benzoyI)piperazine-l-carboxylate 
(116bc): 

[H NMR (400 MHz, DMSO-dc,) 8: 2.23-2.4 (t, 3H), 3.4-3.8. (t, 8H), 6.82-6.98 (m, 

6H), 7.0-7.2 (m, 6H), 7.6-7.8 (m, 2H), 8.2-8.6 (m, 3H), 9.1 (m, IH); HPLC Purity: 

99.26%; LCMS, m/z found 531.16 (M+l)\ 
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(S)-Tetrahydrofuraii-3-y[ 4-(4-(qumolme-8-suIfonamido)benzoyl)piperazine-l-

carboxylate (116bd): 

3Ii NMR (400 MHz, DMSO-d6) 8: 2.23-2.4 (m, 2H), 2.6-2.98 (m, 4H), 3.4-3.8 (t, 8H), 

3.8-3.95 (m, 4H), 5.23-5.35 (m, IH), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.0-8.1 (d, 

2H), 8.32-8.45 (dd, 2H), 9.1 (m, H); HPLC Purity: 96.89%; LCMS, m/z found 533.05 

(M+23f> 

(Tetrahydrofuran-2-yl)methyl 4-(4-(quinoiine-8-

stilfonamido)benzoyi)pIperazine-l-carboxy!ate (H6be): 

lH NMR (400 MHz, DMSO~d6) 8: 2.23-2.4 (m, 3H), 3.4-3.8 (t, 8H), 3.8-3.95 (m, 4H), 

7.0-7.2 (m, 4H), 7.6-7.8 (m,2H), 8.0-8.1 (d, 2H), 8.32-8.45 (dd, 3H), 9.1 (m, IH); 

HPLC Purity: 99.84%; LCMS, m/z found 525.10 (M+J)+. 

2-CyclopentyIethyI 4-(4-(quinoline-8-suIfonamido)benzoyI)piperazine-l-

carboxylate (116bf): 

!H NMR (400 MHz, DMSO-d6) 8: 1.2-1.32 (d, 4H), 2.0-2.12 (m, 8H), 3.4-3.8 (t, 8H), 

4.62-4.72 (in, IH), 7.0-7.2 (m, 6H), 7.6-7.8 (m, 2H), 8.0-8.1(d, 2H), 8.32-8.45 (dd, 

3H), 9.1 (m, IH); HPLC Purity: 99.89%; LCMS, m/z found 537.10 (M+l)\ 
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2-Cyclohexylethyl 4-(4-(quinoiine-8-sulfonamido)benzoyl)piperazine-l-
carboxySafe (116bg): 

H NMR (400 MHz, CDCI3) 8: 1.0 (m, 2H), 1.2 (m, 7H), 1.5 (m, IH), 1,6 (m, 5H), 

3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.6-7.8 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.6 

(m, 2H), 9.1 (m, IH); HPLC Purity: 99.6%; LCMS, m/z found 551.45 (M+l)\ 

Synthesis of Piperazine Derivatives with 3-methyl, 2-methyl, 3-fluoro, 3-chioro, 

3-hydroxy or 3-methoxy Substituted Phenyl Rings 

Scheme 17 

.,Boc 

89 

pyridine 

RT, 16 hr HOOC 

HN 

R=CH3) F, CI, OH, OCH3 

118 

EDCI, HOBt, 
DIPEA, DMF 

RT, 16 hr 

2. MeOH I HCI 

I 
Ar"X)H 

EDCI, HOBt, 
DIPEA, DMF 

RT, 16 hr 

119 120a-cu 

General procedure for the synthesis of sulfonamide 118: To a stirred solution of 

amine 7 (30.3 mmol) under nitrogen atmosphere was added pyridine (50 ml) at 0 °C 

and stirred for 10 min. Quinoline-8-sulfonyl chloride 89 (8.94 gm, 39.4 mmol) was 

then added to the reaction mixture at the same temperature. The resulting mixture was 

stirred for 16 hr at RT. After completion of the reaction, the solvent was removed 

under low pressure. The traces of pyridine were removed by co-distillation with 

toluene. Diethylether was added to the resulting residue, and the solid product was 
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filtered out and air-dried. The resulting crude product (8.0 gm, 74 %) was then to the 

next step without further purification. 

General procedure for the synthesis of sulfonamide 119: EDCI (3.8 g, 19.8 mmol) 

and HOBT (2.67 g, 19.8 mmol) were added to a stirred solution of the acid 118 (19.8 

mmol) in anhydrous DMF. The temperature of the mixture was reduced to 0 °C, at 

which time DIPEA (11 ml, 59.45 mmol) was added under nitrogen atmosphere and 

the resultant solution (or suspension) was stirred at room temperature for 30 min. 

Boc-piperazine (3.68 g, 19.8 mmol) was then added at 0 °C. The reaction mixture was 

then brought to room temperature and stirred overnight. After completion of the 

reaction, the reaction mixture was diluted with water and extracted with ethyl acetate 

(3 x 70 ml). The organic layer was washed with water (3 x 50 ml), dried over 

anhydrous sodium sulfate, filtered and concentrated over the rotary evaporator to get 

the crude product. Crude product was purified by column chromatography (60-120 

silica gel, 2% MeOH-DCM) to get pure product, Boc-119 (81%) as an off-white solid, 

which was subjected to the treatment with methanolic HC1 (100 ml) for 2 hr at RT. 

After the complete cleavage of Boc-group, the solvent was removed under low 

pressure, to give the crude product as an HC1 salt. The aqueous solution of the salt 

was washed with diethylether and basified with NaHCOa (pH 10). The desired 

product was then partitioned into ethyl acetate, dried with anhydrous Na2S04 and the 

solvent removed under low pressure to get the free amine 119 as off white solid (95 

%). 

General procedure for the synthesis of amides 120a-c.u: EDCI (48 mg, 0.2525 

mmol) and HOBT (34 mg, 0.2525 mmol) were added to a stirred solution of the Ar-

COOH (0.2525 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (139 pi, 0.7575 mmol) was added under 

nitrogen atmosphere and the resultant solution (or suspension) was stirred at room 

temperature for 30 min. Amine 119 (100 mg, 0.2525 mmol) was then added at 0 °C. 

The reaction mixture was then brought to room temperature and stirred overnight. 

After completion of the reaction, the reaction mixture was diluted with water and 
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exti'acted with ethyl acetate (3 x 15 ml). The organic layer was washed with water (3 x 

10 ml), dried over anhydrous sodium sulfate, filtered and concentrated over the rotary 

evaporator to get the crude product. Crude product was purified by either by silica 

column chromatography or preparative HPLC to obtain the pure products in 52-68% 

yields. 

/V-(2-Methyi-4-(4-picolmoyIpiperazine-l-carbonyf)phenyl)quinoUne-8-
sulfonamide (120a): 

*H NMR (400 MHz, CD3OD) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.6-7.8 

(m, 4H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.6 (m, 2H), 9.1 (m, IH); HPLC Purity: 97.9%; 

LCMS, m/z found 516.1 (M+J)+. 

iV-(2-MethyM-(4-mcotiiioyIpiperazi'iie-l-carbonyl)pheiiy{)quiiioline-8-

sulfonamide (120b): 

*H NMR (400 MHz, CDCh) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.6-7.8 

(m, 4H), 8.2 (m, IH), 8.6 (m, 2H), 8.9 (m, 2H), 9.1 (m, IH), 10.5 (s, IH); HPLC 

Purity; 99.3%; LCMS, m/z found 516.1 (M+l)\ 

N-(2-MetiiyM-(4-(6-metliylpicoIinoyl)piperazine-l-carbonyl)phenyl)quinoline>8-

sulfonainide (120c): 
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jH NMR (400 MHz, CDC13) 5: 2.J(s, 3H), 2.3(s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 

3H), 7.6-7.8 (m, 4H), 8.2 (m, IH), 8.6 (m, IH), 8.9 (m, 2H), 9.1 (m, IH), 10.5 (s, IH) 

; HPLC Purity: 95.5.0%; LCMS, m/z found 530.2 (M+l)+. 

/V-(2-Methyl-4-(4-(3-(trifIuoromethyi)picoiinoy!)piperaziiie-l-

carbonyS)phenyl)quinoline-8-sulfonamide (120d): 

lH NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4-7.6 

(m, 4H), 8.2 (m, 2H), 8.4 (m, 2H), 8.6-8.8 (m, 2H), 9.1 (m, IH); HPLC Purity: 

97.2.0%; LCMS, m/z found 584.1 (M+l)\ 

/V-(4-(4-(3-FhioropicoIinoyI)piperaziiie-3-carbonyl)-2-rnethylphenyl)quinoIine-8-

suifonamide (120e): 

]H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4-7.6 

(m, 5H), 8.2 (m, IH), 8.4 (m, 3H), 9.1 (m, IH); HPLC Purity: 99.6.0%; LCMS, m/z 

found 534.1 (M+lf. 

/V-(4-(4-(4-ChloropscolinoyI)piperazine-l-carbonyI)-2-methySphenyi)qumoline-8-

sulfonamide (120f): 
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*H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4 (m, 

IH), 7.5-7.8 (m, 4H), 8.0 (m, IH), 8.2 (m, 2H), 8.6 (m, IH), 9.1 (m, IH); HPLC 

Purity: 93.4%; LCMS, m/z found 550.1 (M+If. 

/V-(4-(4-(4-FluoropicoliiioyI)piperazine-l-carbonyI)-2-metIiyIphenyI)quiiioIine-8-
sulfonamide (120g): 

lH NMR (400 MHz, CDCI3) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 2H), 7.4 (m, 1H), 

7.5-7.8 (m, 4H), 8.0 (m, 1H), 8.2-8.4 (m, 3H), 9.1 (m, IH); HPLC Purity: 99.2%; 

LCMS, m/z found 534.1 (M+lf. 

N-(2-Methyl-4-(4-(4-(lrifluoiomethyI)nicotinoyl)piperaziiie-l-
carbonyl)phenyl)quinoline-8-sulfonamide (120h): 

JH NMR (400 MHz, CDC13) 8: 2,1 (s, 3H), 3.2-3.8 (in, 8H), 7.0 (m, 2H), 7.4 (in, IH), 

7.5-7.6 (m, 3H), 8.4 (m, 3H), 8.7 (s, 1.H), 8.8 (m, IH), 9.1 (in, IH); HPLC Purity: 

95.0%; LCMS, m/zfound584.1 (M+lf, 

AK4-(4-(5-ChIoronicotinoyl)piperazine-l-carbonyl)-2-methylphenyl)qumoline-8-

sulfonamide (1201): 
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o 

Ci 

!H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3,8 (m, 8H), 7.0 (m, 3H), 7.4 (m, IH), 

7.6-7.8 (m, 2H), 8.1 (m, 1H), 8.2 (m, 2H), 8.8 (m, 2H), 9.1 (m, IH); HPLC Purity: 

98.1%; LCMS, m/z found 550.1 (M+l)\ 

/V-(4-(4-(5-Fluoronicotinoy!)piperazine-l-carbonyl)-2-methyIphenyl)quinoIine-8-

sulfonamide (120j): 

!H NMR (400 MHz, CDCI3) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 2H), 7.2-7.4 (m, 

2H), 7.6-7.8 (m, 2H), 8.0-8.6 (m, 5H), 9.1 (m, IH); HPLC Purity: 99.1%; LCMS, m/z 

found 534.3 (M+lf. 

/V-(4-(4-(3-FIuoroisomcotinoyl)piperazme-l-carboiiyl)«2-metI]yIphenyl)quinoline-

8-sulfonamide (120k): 

!H NMK (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m; 2H), 7.2-7.4 (m, 

2H), 7.6-7.8 (m, 2H), 8.0 (m, IH), 8.2-8.6 (m, 4H), 9.1 (m, IH); HPLC Purity: 95.3%; 

LCMS, m/z found 534.1 (M+l)+. 

A^-(4-(4-v(3-Chloroisonicotinoyl)piperazine-l-carbonyI)-2-

methyIphenyI)quinoIine-8-suIfonamide (1201): 

0 
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NMR (400 MHz, CDC13) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, IH), 7.2-7.4 (m, 

4H), 7.6-7.8 (m, 2H), 8.0 (m, IH), 8.2-8.6 (m, 3H), 9.1 (m, IH); HPLC Purity: 99.8%; 

LCMS, m/z found 550.3 (M+l)\ 

A?-(4-(4-(2-Methoxynicotiiioyl)piperazine-l-carbonyI)-2-nietliylphenyI)quinoUne-
8-sulfonamide (120m): 

lH NMR (400 MHz, CDC13) 6: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.2-7.4 (m, 4H), 7.6-7.8 

(m, 3H), 8.0 (m, IH), 8.2-8.6 (m, 3H), 9.1 (m, IH); HPLC Purity: 99.3%; LCMS, m/z 

found 546.3 (M+lf. 

N-(4-(4-(2-Methoxyisonicotinoyl)piperazine-l-carbonyl)-2-

methylphenyl)quinoline-8-sulfonamide (120n): 

lB NMR (400 MHz, CDC13) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 6.7-7.0 (m, 4H), 7.2 (m, 

IH), 7.6 (m, 2H), 8.0 (m, IH), 8.2-8.6 (m, 3H), 9.1 (m, IH); HPLC Purity: 98.8%; 

LCMS, m/z found 546.3 (M+l f. 

Ar-(2-Methyl-4-(4-(5-(trifIuoromethyI)picoIinoyl)piperazine-l-

carbonyI)phenyl)qumoUne-8-sulfonamide (120o): 
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]H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 2H), 7.2 (m, IH), 

7.6 (m, 2H), 7.8 (m, IH), 8.0 (m, 2H), 8.3-8.5 (m, 2H), 8.8 (s, IH), 9.1 (m, IH); 

HPLC Purity: 91.8%; LCMS, m/z found 5UA(M+1)\ 

/V-(2-MethyI-4-(4-(2-(trifluoromethyl)mcotinoyl)piperazine-l-

carbonyl)phenyI)quinoIine-8~sulfonamide (120p): 

'H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 3H), 7.4 (m, IH), 

7.6 (m, 4H), 8.0 (m, IH), 8.3-8.5 (m, 1H), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 

99.2%; LCMS, m/z found 584.3 (M+l)+. 

/V-(4-(4-IsonicotinoyIpiperazine-l-carbonyI)-2-methyIphenyl)quinoIine-8-
sulfonamide (120q): 

lH NMR (400 MHz, CDCI3) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 3H), 7.4 (m, 2H), 

7.6 (m, 2H), 8.3 (m, 2H), 8.5 (m, 2H), 9.1 (m, IH); HPLC Purity: 94.5%; LCMS, m/z 

found 516.34 (M+l}+. 

/V-(2-Methyi-4-{4-(pyrazine-2-carbonyl)piperazme-l-carbonyi)phenyI)qumoIine-
8-sulfonamide (120r): 
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o 

]H NMR (400 MHz, CDC13) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4 (in, 

IH), 7.6 (m, 2H), 8.0 (m, IH), 8.3 (m, 2H), 8.6 (m, IH), 8.8 (m, IH), 9.0 (s, IH), 9.1 

(m, IH); HPLC Purity: 99.4%; LCMS, m/z found 517.1,5(M+1)*. 

/V-(4-(4-(2,3-Difluorobenzoyl)piperazine-l-carbonyl)-2-methylplienyI)qum0lme-
8-sulfonamide (120s): 

*H NMR (400 MHz, CD3OD) 6: 2.1(s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, IH), 7.2 (m, 4H), 

7.4 (m, IH), 8.7 (m, 2H), 8.2-8.5 (m, 3H), 9.1 (m, IH); HPLC Purity: 98.6%; LCMS, 

m/z found 55135(M+1)+. 

N-(4-(4-(2,6-Difluorobenzoyl)piperazine-l-carbonyr)-2-nietliyIphenyI)quinoline-
8-suIfonamide (120t): 

]H NMR (400 MHz, CD3OD) 6: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 5H), 7.5 (m, 

2H), 7.7 (m, 2H), 8.2-8.5 (m, 3H), 9.1 (m,lH); HPLC Purity: 96.4%; LCMS, m/z 

found 551.35 (M+l)+. 

N-(4-(4-(3,4-Difluorobenzoyl)pipcrazine-l-carboiiyl)-2-methylphenyl)quinoIine-
8-su!fonamide (120u): 
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!H NMR (400 MHz, CD3OD) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0 (m, 2H), 7.2-7.5 (m, 

5H), 7.7 (m, 2H), 8.2-8.5 (m, 3H), 9.1 (m,lH); HPLC Purity: 97.9%; LCMS, m/z 

found 551.35 (M+l)+. 

N-(4-(4-(2-Fluorobenzoyl)piperazine-l-carhoiiyl)~2-methyIphenyr)quinoline-8-

sulfonamide (120v): 

]H NMR (400 MHz, CDC13) 6: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 4H), 7.2-7.5 

(m, 3H), 7.7 (m, 2H), 8.0-8.5 (m, 3H), 9.1 (m,lH); HPLC Purity: 93.6%; LCMS, m/z 

found 533.27 (M+J)+. 

/V-(2-Methyl-4-(4-(2-phenyIacetyI)piperazine-1-carbonyI)phenyl)quinoline-8-

sulfonamide (120w): 

]H NMR (400 MHz, CDC13) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 3.9 (m, 2H), 7.0 (m, IH), 

7.2-7.5 (m, 7H), 7.7 (m, 2H), 8.2-8.5 (m, 4H), 9.1 (m,lH); HPLC Purity: 94.6%; 

LCMS, m/z found 529.35 (M+]f. 

A7-(4-(4-(2-(4-FIuorophenyl)acetyl)piperazine-l-carbonyl)-2-

methyIphenyl)quinoline-8-suifonamide (120x): 
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o 

!H NMR (400 MHz, CD3OD) 8; 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.5 (m, 7H), 7.7 (m, 

2H), 8.2-8.5 (m, 3H), 9.1 (m,lH); HPLC Purity: 95.1%; LCMS, m/z found 
541.0(M+1)\ 

Ar-(4-(4-(2-(4-Fiuorophenyl)-2-methylpropanoy!)piperazine-l-carbonyI)-2-

melhylphenyl)quino!ine-8-sulfonamide (120y): 

!H NMR (400 MHz, CDC13) 8; 1.6 (s, 6H), 2.1 (s5 3H), 3.2-3.8 (m, 8H), 6.9-7.0 (m, 

3H), 7.2-7.5 (m, 3H), 7.7 (m, 2Ii), 8.2-8.5 (m, 4H), 9.1 (m,lH); HPLC Purity: 99.1%; 

LCMS, m/z found 575.1 (M+J)+. 

/V-(2-Methyl-4-(4-(thiazole-4-carbonyl)piperazine-l-carbonyl)phenyl)quinoline-

8-sulfonamide (120z): 

EH NMR (400 MHz, CD3OD) 8: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.6-7.8 

(m, 2H), 8.1-8.5 (m, 4H), 9,1 (ms2H); HPLC Purity: 98.6%; LCMS, m/z found 522.05 

(M+l)+. 

A7-(4-(4-(l,2,3-TInadiazoIe-4-carbonyI)piperazine-l-carbonyl)-2-

methyIphenyI)qumoline-8-sulfonamide (120aa): 
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ln NMR (400 MHz, DMSO-d6) 5: 2.1 (s, 3H), 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.4-

7.6 (m, 2H), 7.7 (m, 2H), 8.2-8.5 (m, 3H), 9.1 (m,lH), 9.4 (s, 1H), 9.6 (s, IH); HPLC 

Purity: 99.1%; LCMS, m/z found 523.15 (M+l)+. 

Cyclopentyl 4-(3-methyl«4-(quinoIine-8-sulfonaniido)benzoyi)piperazme-l-

carboxylate (120ab): 

w o i 

!H NMR (400 MHz, CDC13) 5: 1.4-1.9 (m, 8H),2.1 (s, 3H), 3.2-3.8 (m, 8H),5.1 (s, 

IH), 7.0-7.2 (m, IH), 7.4 (m, 3H), 7.7 (m, IH), 8.2 (m, IH), 8.2-8.4 (m, 2H), 9.1 

(m,lH); HPLC Purity: 97.4%; LCMS, m/z found 523.30 (M+lf. 

Cyclohexyl 4-(3-methyl-4-(quinoline-8-sulfonaniido)benzoyl)piperazine-l-

carboxylate (120ac): 

o 

!H NMR (400 MHz, CDC13) 5: 0.9 (m, IH), 1.2-1.7 (m, 10H), 2.1 (s, 3H), 3.2-3.8 (m, 

8H), 5.1 (s, IH), 7.0-7.4 (m, 3H), 7.6 (m, 2H), 8.1 (m, IH), 8.2-8.4 (m, 2H), 9.1 

(m.,lH); HPLC Purity: 99.0%; LCMS, m/z found 537.19(M+7j\ 

Azetidin-3-yl 4-(3-methyl-4-(quinoline-8-sulfonamido)benzoyI)piperazme-l-
carboxylate (120ad): 
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o 

r 

'HNMR (400 MHZ, DMSO-d6) 5: 0.9 (m, IH), 1.2-1.7 (m, 4H), 2.1 (s, 3H), 3.2-3.8 

(m, 8H), 5.1 (s, IH), 7.0-7.4 (m, 3H), 7.6 (mf 2H), 8.3 (m, 2H), 8.6 (m, IH), 9.1 

(m,1H); HPLC Purity: 92.9%; LCMS, m/z found 510.3i(M+7|\ 

l-Methyiazetidin-3-yl 4-(3-methyI-4-(quinoline-8-

sulfonaniido)benzoyl)piperazine-l-carboxyLate (120ae): 

*H NMR (400 MHz, DMSO~d6) 5: 2.0 (s, 3H), 2.1 (s, 3H), 2.9 (m, 4H), 3.2-3.8 (m, 

8H), 5.1 (s, IH), 7.0-7.4 (m, 3H), 7.8 (m, 2H), 8.3 (m, 2H), 8.6 (m, IH), 9.1 (m,lH), 

9.4 (s, IH); HPLC Purity: 92.0%; LCMS, m/z found 524,05(M+./J+. 

(Tetrahydrofuran-2-yl)methyl 4-(3-methyl-4-(quinoline-8-

suIfonamido)benzoyl)piperazine-l-carboxylate (120af): 

NMR (400 MHz, CDC13) 5: 1.1 (m, 2H), 1.8-2.0 (m, 4H), 2.1 (s, 3H), 2.9 (m, 4H), 

3.2-3.8 (m, 8H), 5.1 (s, IH), 7.0-7.2 (m, 2H), 7.2-7.4 (m, IH), 7.6 (m, 2 H), 8.0-8.4 

(m, 3H), 9.1 (m,lH); HPLC Purity: 99.40%; LCMS, m/z found 539.15(M+/j+. 

2-Cyclopentylethyl 4-(3-methyl-4-(quinoline-8-suIfonainido)benzoyl)piperazine-

1-carboxylate (120ag): 
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o 

o 

lU NMR (400 MHz, CDC13) 5: 1.2 (m, 4H), 1.4-1.6 (m, 8H), 2.0 (m, IH), 2.1 (s, 3H), 

3.2-3.8 (m, 8H), 5.1 (s, IH), 7.0-7.2 (m, 2H), 7.2-7.4 (m, IH), 7.6 (m, 2 H), 8.0-8.4 

(m, 3H), 9.1 (m,lH); HPLC Parity: 99.50%; LCMS, m/z found 55lA(M+])+. 

Tetrahydrofuran-3-yI 4-(3-methyl-4-(quinoline-8~ 

sulfonamido)benzoyl)piperazine-l-carboxylate (120ah): 

*H NMR (400 MHz, CDC13) 8: 2.0 (m, 2H), 2.2 (s, 3H), 2.5 (s, IH), 3.2-3.8 (m, 8H), 

4.0 (m, 4H), 5.1 (s, IH), 7.0-7.2 (m, 1H), 7.2-7.4 (m, 2H), 7.6 (m, 2H), 8.0-8.4 (m, 

3H), 9.1 (m,lH); HPLC Purity: 99.50%; LCMS, m/z found 525.05(M+7)+. 

2-CycIohexyIethyI 4-(3-niethyI-4-(quinoHne-8-siilfonamido)benzoyl)piperazine-l-

carboxylate (120ai): 

3H NMR (400 MHz, CDC13) 8: 2.0 (m, 2H), 2.2 (s, 3H), 2.5 (s, IH), 3.2-3.8 (m, 8H), 

4.0 (m, 4H), 5.1 (s, IH), 7.0-7.2 (m, IH), 7.2-7.4 (m, 2H), 7.6 (m, 2H), 8.0-8.4 (m, 

3H), 9.1 (m,lH); HPLC Purity: 99.50%; LCMS, m/z found 525.05 (M+l)+. 

/V-(2-Fluoro-4-(4-picoIinoyipiperazine-l-carbonyl)phenyl)qumoline-8-

sulfonamide (120aj): 
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!H NMR (400 MHz, CDC13) 5: 1.1 (m, 7H), 1.6-1.8 (m, 5H), 2.1 (s, 3H), 3,2-3.8 (m, 

8H), 4.7 (m, IH), 7.0-7.2 (m, 2H), 7.4-7.6 (m, 3H), 8.0-8.4 (m, 3H), 9.1 (m,lH); 

HPLC Purity: 99.60%; LCMS, m/z found 565.45(M+./f. 

/V-(2-Fluoro-4-(4-nicotinoylpiperazine-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (120ak): 

lU NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4-7.6 (m, 3H), 

8.0-8.4 (m, 3H), 8.7 (m, 3H), 8.9 (m, IH), 9.1 (m, IH); HPLC Purity: 94.6%; LCMS, 

m/zfound 520.25 (M+l)\ 

AM2-FIuoro-4-(4-isomcotinoylpiperazine-l-carbonyI)pheny!)quinoline-8-

sulfonamide (120al): 

lH NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 2H), 7.4-7.6 (m, 3H), 

8.0-8.4 (m, 3H), 8.7 (m, 3H), 8.9 (m, IH), 9.1 (m, IH), 10.5 (s IH); HPLC Purity: 

93.8%; LCMS, m/z found 518.46 (M+l)\ 

iV-(2=Fluoro-4-(4~(pyrazine-2-carbonyl)piperazme-l-carbonyl)phenyl)qiiinoiine-

8-sulfonamide (120am): 
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o 

'H NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.4 (m, 3H), 7.6-7.8 (m, 2H), 

8.0-8.4 (m, 2H), 8.7 (m, 3H), 9.1 (m, IH), 10.0 (s IH); HPLC Purity: 99.8%; LCMS, 

m/zfound 521.24 (M+l)+. 

Ar-(4-(4-(2,6-DifluorobenzoyI)piperazine-l-carbonyl)-2-fIuorophenyl)quinoiine-8-

sulfonamide (120an): 

*H NMR (400 MHz, DMSO-d6) 8; 3.2-3.8 (m, 8H), 7.0-7,4 (m, 3H), 7.6-7.8 (m, 5H), 

8.0-8.4 (m, 3H), 9.1 (m, IH), 10.0 (s, IH); HPLC Purity: 99.8%; LCMS, m/z found 

555.21 (M+J)+. 

/V-(4-(4-(3,4-DifluorobeiizoyI)piperazine-l-carbonyI)-2-fiuoropheny!)qiiinoline-8-

sulfonamide (120ao): 

lR NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.4 (m, 4H), 7.6-7.8 (m, 4H), 

8.0-8.4 (ra, 2H), 8.7 (m, IH), 9.1 (m, IH), 10.0 (s IH); HPLC Purity: 97.9%; LCMS, 

m/zfound555.14 (M+l)+. 

N-(2-FIuoro-4-(4-(2-fIuorobenzoyl)piperazine-l-carbonyi)phenyl)qumoline-8-

sulfonamide (120ap):108 

o 
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o 

NMR (400 MHz, CDC13) 5: 3.2-3.8 (ra, 8H), 7.0-7.2 (m, 3H), 7.2-7.4 (m, 4H), 7.6-

7.8 (m, 2H), 8.0-8.4 (m, 2H), 8.9 (s, 1H); 9.1 (m, IH); HPLC Purity: 97.8%; LCMS, 
m/z found 537.21 (M+lf. 

/V-(2-Fluoro-4-(4-(2-phenylacetyl)piperazine-l-carbonyl)phenyI)quinoIine-8-

suifonaniide (120aq): 

'H NMR (400 MHz, CDC13) 5: 2.4 (s, 2H), 7.0-7.2 (m, 3H), 7.2-7.4 (m, 4FI), 7.6-7.8 

(m, 4H), 8.0-8.4 (m, 2H), 9.1 (m, IH); HPLC Purity: 98.4%; LCMS, m/z found 

533.26 (M+l)*. 

/V-(2-Fluoro-4-(4-(2-(4-fluorophenyl)acetyl)piperazine-l-

carboiiyI)phenyl)quiiioIiiie-8-suIfonamide (120ar): 

]H NMR (400 MHz, CD3OD) 6: 3.2-3.8 (m, 8H), 3.9 (s, 2H), 7.0-7.2(m, 4H), 7.2-

7.4(m, 2H), 7.6-7.8 (m„ 3H), 8.2 (m, IH), 8.4 (m, 2H), 9.1 (m, IH); HPLC Purity: 

93.1%; LCMS, m/z found 551.23 (M+l)+. 

/V-(2-Fluoro-4-(4-(2-(4-fluorophenyl)-2-methylpropanoyl)piperaziiie-l-

carbonyI)phenyI)quino!ine-8-sulfonamide (120as): 
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o 

lH NMR (400 MHz, CDC13) 8: 1.3 (s, 6H), 3.2-3.8 (m5 8H), 7.0-7.2 (m, 3H), 7.2-7.4 

(m, 2H), 7.6-7.8 (m, 3H), 8.2 (m, IH), 8.4 (m, 2H), 8.9 (s, IH), 9.1 (m, IH); HPLC 

Purity: 98.3%; LCMS, m/z found 579.22 (M+lf. 

/V-(2-Fluoro-4-(4-(Thiazo!e-4-carbonyI)piperazine-l-carbony!)phenyl)quinoiine-

8-sulfonamide (120at): 

]H NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.2-7.4 (m, 2H), 

7.6-7.8 (m, 3H), 8.2 (m, IH), 8.9 (m, 2H), 9.0 (s,l.H), 9.5 (d,lH); HPLC Purity: 

91.6%; LCMS, m/z found 526.19 (M+])+. 

/V-(4-(4-(l,2,3-Thiadiazole-4-carbonyl)piperazine-l-carbonyl)-2-

fIuorophenyl)quinoline-8-suIfonamide (120au): 

lH NMR (400 MHz, DMSO-d6) 8: 3.2-3.8 (m, 8H), 7.0-7.2 (m, 3H), 7.6-7.8 (m, 2H), 

8.2-8.4 (m, 3H), 9.0 (m, IH), 9.5 (s,JH); HPLC Purity: 91.6%; LCMS, m/z found 

526.19 (M+l)*. 

Cyclohexyl 4-(3-fiuoro-4-(quinoHne-8-su!fonamido)benzoyi)piperazine-l-

carboxylate (120av): 
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o 

a°i r; 

]H NMR (400 MHz, DMSO-d6) 8: 1.2-1.8 (m, 10H), 3.2-3.8 (m, 8H), 4.8 (m, IH), 

7.0-7.2 (m,2H), 7.6-7.8 (ra, 3H), 8.2 (m, IH), 8.2-8.4 (ra, 2H), 8.9 (m, IH), 9.0 (s,lH), 

9.5(d,IH); HPLC Purity: 91.6%; LCMS, m/z found 526.19 (M+l}+. 

A^2-Chloro-4-(4-picotinoylpiperaziiie-l-carboiiyl)phenyl)qiiin0l8iie-8-

sulfonamide (120aw): 

lH NMR (400 MHz, DMSO-d6) 6: 3.2-3.8 (ra, 8H), 7.0-7.2 (m, 2H), 7.6-7.8 (ra, 3H), 

8.2 (m, 3H), 8.2-8.4 (m, 2H), 8.9 (m, IH), 9.0 (s,lH), 10.5 (s,lH); HPLC Purity: 

99.1%; LCMS, m/z found 537.1 (M+l)+. 

AM2-Hydroxy-4-(4-picolinoylpiperazine-l-carbonyl)phenyL)quinoline-8-
sulfonamide (120ax): 

'H NMR (400 MHz, DMSO-d6) 8: 3,2-3.8 (m, 8H), 4.8 (s, IH),7.0-7.2 (m, 2H), 7.6-

7.8 (m, 3H), 8.2 (ra, 3H), 8.2-8.4 (m, 2H), 8.9 (m, IH), 9.0 (s,lH), 10.5 (s,lH); HPLC 

Purity: 98.1%; LCMS, m/z found 518.2 (M+l)*. 

/V-(4-(4-Isonicotinoylpiperazine-l-carbonyI)-3-methoxyphenyl)quinolme-8-
sulfonamide (120ay): 
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'H NMR (400 MHz, DMSO~d6) 6: 3.2-3.8 (m, 8H), 6.4 (m, 1H), 7.0-7.2 (m, 2H), 7.6-

7.8 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 8.8 (s, IH), 8.9 (s, IH), 9.0 (s,lH); HPLC 

Purity: 95.0%; LCMS, m/z found 532.2(M+l)\ 

/V-(3-Methoxy-4-(4-(6-methySpicoImoyl)piperazine-l-carbonyI)phenyl)quinoUne-

8-sulfonamide (120az): 

!H NMR (400 MHz, CD3OD) 6: 2.2 (s, 3H), 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.7 (m, 3H), 

7.2 (m, 2H), 7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 9.0 (s,lH); HPLC Purity: 

98.8%; LCMS, m/z found 546.2(M+iJ+. 

/V-(4-(4-(3-FIuoropicoIinoyl)piperazine-l-carhonyl)-3-methoxyphenyl)quinoiine-

8-sulfonamide (120ba): 

]H NMR (400 MHz, DMSO-d6)) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H)t 6.7-7.0 (m, 3H), 7.2 

(m, 2H), 7.6-7.8 (m, 3H), 8.1 (s, IH), 8.4 (m, 2H), 9.0 (s,lH); HPLC Purity: 98.8%; 

LCMS, m/z found 550.2 (M+l)+. 

iV-(4-(4-(5-FluoropicoIinoyl)piperazine-l-carbonyI)-3-methoxyphenyl)quinoIine-

8-sulfonamide (120bb): 
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lH NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.7-7.0 (m, 3H), 7.2 (m, 

2H), 7.6-7.8 (m, 3H), 8.1 (s, IH), 8.4 (m, IH), 9.0 (s,lH), 9.3 (s, IH), 10.5 (s, IH); 

HPLC Purity: 98.9%; LCMS, m/z found 550.2 (M+l)+. 

/V-(3-Methoxy-4-(4-(5-(trifluoromethyl)picolinoyl)piperazine-l-
carbonyl)phenyl)quiiioline-8-sulfonamide (120bc): 

!H NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.6-6.9 (m, 3H), 7.2 (m, 

2H), 7.6-7.8 (m, 3H), 8.2-8.4 (m, 2H), 8.9 (m,lH), 9.0 (s, IH); HPLC Purity: 99.2% ; 

LCMS, m/z found 600.3(M+1)+. 

/V-(4.(4-(5-FlaoronicotinoyI)piperazine-l-carbonyl)-3-methoxyphenyl)quiiioHne-

8-sulfonamide (120bd): 

'H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.6 (m, 3H), 8.0 (m, IH), 8.2-8.6 (m, 4H), 9.1(m, IH); HPLC Purity: 99.5%; LCMS, 

m/zfound550.3 (M+l)*. 

iV.(4-(4-(3-ChIoroisonicotinoyl)piperazine-l-carbonyI)-3-

methoxyphenyl)quinoline-8-suifonamide (120be): 
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*H NMR (400 MHz, CDCb) 5; 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, JH), 7.0 (m, 2H), 

7.6 (m, 3H), 8.0 (m, 1H), 8.2-8.4 (m, 2H), 8.6-8.8 (m, 2H), 9.1 (m, IH); HPLC Purity: 

98.2%; LCMS, m/z found 566.25 (M+l)+. 

/V-(4-(4-(3-FluoroisonicotinoyI)piperazine-l-carboiiyl)-3-

melhoxyphenyl)quinoline-8-sulfonamide (120bf): 

!H NMR (400 MHz, CDCb) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, 1H), 7.0 (m, 2H), 

7.6 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.6-8.8 (m, 2H), 9.1 (m, IH); HPLC Purity: 

98.9%; LCMS, m/z found 550.35 (M+J)*. 

/V-(4-(4-(5-ChIoronicotinoyl)piperazine-l-carbonyl)-3-methoxyphenyl)quinoIine-

8-sulfonamide (120bg): 

lB NMR (400 MHz, CDCb) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.3 (m, 2H), 7.6 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.6-8.8 (m, 2H), 9.1 (m, IH); 

HPLC Purity: 98.5%; LCMS, m/z found 566.3 (M+l)+. 

A^-(3-Methoxy-4-(4-(4-(trifluoromethyl)nicotinoyi)piperaz!ne-l-

carbonyl)pIienyI)quinoline-8-suLfonamide (120bh): 

162 



WO 2011/002817 PCT/US2010/040486 

lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.6 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.4-8.6 (m, 2H), 8.9 (m, IH), 9.1 (m, IH); 

HPLC Purity: 90.6%; LCMS, m/z found 600.35 (M+l 

N-(3-Metlioxy-4-(4-nicotinoylpiperazine-l-carbonyI)phenyl)quinoline-8-
sulfonamide (120bi): 

'H NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.2-7.6 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.6-8.6 (m, 2H), 8.9 (m, IH), 9.1 (m, 

IH); HPLC Purity:96.5%; LCMS, m/z found 532.35 (M+l)+. 

N-(4-(4-(5-ChloropicoUnoyl)piperazine-l-carbonyI)-3-methoxyphenyl)quinoline-

8-sulfonamide (120bj): 

]H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3,9 (s, 3H), 6.4 (ra, IH), 7.0 (m, 2H), 

7.6-7.8 (m, 4H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 9,1 (m, IH); HPLC Purity; 92.08%; 

LCMS, m/z found 566.3 (M+l)+. 

/V-(3-Methoxy-4-(4-(3-(trif3uoromelhyl)picoImoyl)piperazme-l-

carbonyl)phenyi)qumoUne-8-sulfonamide (120bk): 
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lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.8 (m, 1H), 9.1 (m, IH); HPLC Purity: 

92.08%; LCMS, m/z found 566.3 (M+l)+. 

/V-(3-Methoxy-4-(4-(2-(trifluoromethyl)nicotinoyl)piperazine-l-

carbonyI)pheny!)quinoIine-8-sulfonamide (120bl): 

]H NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.6-7.8 (m, 4H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.8 (m, IH), 9.1 (m, IH); HPLC Purity: 

96.5%; LCMS, m/z found 600.3 (M+lf. 

/V-(3-Methoxy-4-(4-(3-methoxyisonicotinoy!)piperazine-l-

carbonyI)pheny!)quinoHne-8-suIfonainide (120bm): 

o OCH3 

lH NMR (400 MHz, CDC13) 6: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 3H), 

7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.8 (m, IH), 9.1 (m, IH); HPLC Purity: 

93.2%; LCMS, m/z found 562.3 (M+l)+. 

A/-(3-Methoxy-4-(4-(2-niethoxyisonicotinoyi)piperazine-l-
carbonyI)phenyl)quinoline-8-sulfonamide (120bn): 
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lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 3H), 

7.6-7.8 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 8.8 (m, IH), 9.1 (m, IH); HPLC Purity: 

98.5%; LCM.S, m/z found 562.4 (M+l)\ 

/V-(3-Methoxy-4-(4-(pyrazine-2-carbonyl)piperazine-l-

carbonyI)phenyI)quinoline-8-sulfonamide (120bo): 

'H NMR (400 MHz, CDCl3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.6-7.8 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 4H), 9.1 (s, IH), 9.2 (s, IH); HPLC Purity: 

98.9%; LCMS, m/z found 533.1 (M+l)*. 

/V-(4-(4-(2-Fluoro-3-methoxybenzoyl)piperazine-l-carbonyl)-3-

methoxyphenyl)quinoIine-8-sulfonamide (120bp): 

*H NMR (400 MHz, CDC13) 6: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 4.0 (s, 3H), 6.4 (m, IH), 

7.0 (m, 3H), 7.2 (m, 2H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 9.1 (s, IH); HPLC 

Purity: 99.3%; LCMS, m/z found 579.2 (M+J)\ 

/V-(4-(4-(2-FliiorobenzoyI)piperazme-l-carbonyl)-3-methoxyphenyl)quinoline-8-
sulfonamide (120bq): 
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'H NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.2-7.4 (m, 

6H), 8.8 (m, IH), 8.0 (m, 3H), 8.6 (s, IH), 9.1 (s, IH); HPLC Purity: 99.5%; LCMS, 

m/z found 549.2 (M+J)+. 

AL(4-(4-(2,3-Difluorobenzoyl)piperazme-l-carbonyl)-3-

methoxypheny!)quinoline-8-sulfonamide (120br): 

!H NMR (400 MHz, CDCS3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, 1H), 7.0-7.4 (m, 

5H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 8.6 (s, IH), 9.1 (s, IH); HPLC Purity: 

96.1%; LCMS, m/z found 567.1 (M+l)+. 

/V-(4-(4-(3,4-DifiuorobenzoyI)piperazine-l-carbonyl)-3-
methoxyphenyl)quinoline-8-sulfonamide (120bs): 

*H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0-7.4 (m, 

5H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 8.6 (s, IH), 9.1 (s, IH); HPLC Purity: 

98.9% ; LCMS, m/z found 567.1 (M+lf. 

/V-(4-(4«(2,6-DifluorobenzoyI)piperazine-l-earbonyI)-3-

methoxyphenyI)quinoiine-8-sulfonamide (120bt): 
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!H NMR (400 MHz, CDCb) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0-7.4 (m, 

4H), 7.6 (m, 3H), 8.0 (m, 1H), 8,4 (m, 2H), 9.1 (s, IH); HPLC Purity: 98,4%; LCMS, 

m/z found 567.0 (M+l)\ 

yV-(3-Methoxy-4-(4-(2-phenyIacetyl)piperaziiie-l-carbonyi)phenyI)qumoIine-8-
sulfonamide (120bu): 

'H NMR (400 MHz, CDCb) 5: 3.2-3.8 (m, 8H), 3.9 (s5 3H), 6.4 (m, IH), 7.0 (m, 2H), 

7.2-7.4 (m, 5H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 9.1 (s, IH); HPLC Purity: 

99.7%; LCMS, m/z found 545.2 (M+l)+. 

;V-(3-Melhoxy-4-(4-(2-(4-(trifluoromethyl)phenyI)acelyl)piperazine-l-

carbonyl)phenyl)quinoline-8-sulfonainide (120bv): 

'H NMR (400 MHz, CDCb) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 7.0 (m, 3H), 

7.2-7.4 (m, 2H), 7.6 (m, 3H), 8.0 (m, IH), 8.4 (m, 2H), 8.6 (s, IH), 9.1 (s, IH); HPLC 

Purity: 99.1%; LCMS, m/z found 613.1 (M+l)+. 

/V-(3-Methoxy-4-(4-(2-inethyl-2-pheiiyfpropanoyl)piperazine-l-
carbonyi)phenyl)quinoline-8-sulfonamide (120b w): 
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CrV-" 
*H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 6.9-7.0 (m, 

2H), 7.2-7.4 (m, 4H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 8.6 (sf IH), 9.1 (s, IH); 

HPLC Purity: 95.3%; LCMS, m/z found 573.45 (M+l}\ 

/V-(4-(4-(2-(4-Fluorophenyl)-2-metSiyIpropanoyl)piperazine-l"Carbonyl)-3-

methoxyphenyI)quinoline-8-sulfonamide (120bx): 

*H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 6.9-7.2 (m, 

5H), 7.6 (m5 2H), 8.0 (m, IH), 8.4 (m, 2H), 8.6 (s, IH), 9.1 (s, IH); HPLC Purity: 

99.1%; LCMS, m/z found 591.3fM+iJ+. 

/V-(4-(4-(l,2,3«Thiadiazole-4-carboiiyl)piperazine-l-carbonyI)-3-

melhoxyphenyl)quinoIine-8-sulfonamide (120by): 

!H NMR (400 MHz, CDCI3) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, IH), 6.9-7.2 (m, 

2H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 2H), 8.6(s, IH), 9.1 (m, IH); HPLC Purity: 

99.0%; LCMS, m/z found 539.3 (M+l)+. 

/V-(3-Methoxy-4-(4-(thiazole«4~carbonyl)piperazine-l -carbonyl)phenyl)qumolme-
8-sulfonamide (120bz): 
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'H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.4 (m, 1H), 6.9-7.2 (m, 

2H), 7.6 (m, 2H), 8.0 (m, IH), 8.4 (m, 1H), 8.6 (s, IH), 8.8 (s, IH), 9.1 (m, IH); 

HPLC Purity. 99.6%; LCM.S, m/z found 538.3(M-s-I)+. 

2-CycIopentylethyl 4-(2-methoxy-4-(quinoIine-8-

sulfonamido)benzoyl)piperazine-l-carboxylate (120ca): 

]H NMR (400 MHz, CDCI3) 5: 1.2 (m, 4H), 1.6 (m, 8 H), 3.2-3.8 (m, 8H), 3.9 (s, 

3H), 4.7 (m, IH), 6.4 (m, IH), 6.9-7.2 (m, 2H), 7.6 (m, 2H), 8.0 <m, IH), 8.4 (m, IH), 

8.6 (s, IH), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 99.8%; LCMS, m/z found 567.1 

(M+l)*. 

Tetrahydrofuran-3-yI 4-(2-inethoxy-4-(quinoIine-8-

suifonamido)benzoyl)piperazine-l-carboxyIate (120cb): 

lR NMR (400 MHz, CDCI3) 5: 2.0 (m, 2H), 2.2(m, IH), 3.0-3.6 (m, 4 H), 3.2-3.8 (m, 

8H), 3.9 (s, 3H), 5.2 (s, IH), 6.4 (m, IH), 6.9-7.2 (m, 2H), 7.6 (m, 2H), 8.0 (m, IH), 

8.4 (m, IH), 8.6 (s, IH), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 96.2%; LCMS, m/z 

found 541.05 (M+l)*. 
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2-CycIohexyIethyI 4-(2-methoxy-4-(quinoline-8-sulfonamido)benzoyl)piperazine-

l-carboxylafe (120ec): 

'H NMR (400 MHz, CDCl3) S: 1.2 (m, 10H), 1.6-1.8(m, 4H), 3.2-3.8 (m, 8H), 3.9 (s, 

3H), 4.7 (s, IH), 6.4 (m, IH), 6.9-7.0 (m, 2H), 7.6 (m, 2H), 8.0 (m, IH), 8.2-8.4 (m, 

2H), 8.6 (s, IH), 9.1 (m, IH); HPLC Purity: 97.7%; LCMS, m/z found 581.4 (M+l)*. 

/V-(2-Methoxy-4-(4-(6-methylpicolmoyl)piperazine-l-carbonyl)phenyl)quino!ine-

8-suIfonamide (120cd): 

!H NMR (400 MHz, CDCh) 8: 2.i(s, 3H), 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.7 (s, IH), 

6.9 (m, IH), 7.2(m, IH), 7.4-7.8 (m, 5H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.8 (s, IH), 

9.1 (m, IH); HPLC Purity: 99.6%; LCMS, m/z found 546.3 (M+l)+. 

/V-(2-Methoxy-4-(4-(3-(trifluoromethyl)picolinoyl)piperazine-l-

carbonyI)phenyi)quinoline-8-suIfonamide (120ce): 

:H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.7 (s, IH), 6.9 (m, IH), 

7.4-7.7 (m, 4H), 8.0 (m, 2H), 8.2-8.4 (m, 2H), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 

99.9%; LCMS, m/z found 600.3 (M+l)+. 
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/V-(4-(4-(3-FluoropicoHnoyl)piperazine-l-carbonyl)-2-methoxyphenyl)quinoUne-

8-sulfonamide (120cf): 

!H NMR (400 MHz, CDCi3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.4-7.7 (m, 

5H), 8.0 (m, 2H), 8.2-8.4 (m, 2H), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 99.8%; 

LCMS, m/z found 550.3 (M.+1 

N-(2-Methoxy-4-(4-(5-(trifluoromethyl)picolinoyl)piperazine-l-

carbonyl)pbenyl)quinolme-8-sulfonamide (120cg); 

!H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

4H), 8.0 (m, 2H), 8.2-8.4 (m, 2H), 8.8 (s, IH), 8.9 (m, IH), 9.1 (m, IH); HPLC 

Purity: 99.6%; LCMS, m/z found 600.3 (M+l f. 

iV-(4-(4-(5-Chloropicolinoyl)piperazme-l-carbonyl)-2-melhoxyphenyl)qumoline-

8-sulfonamide (120ch): 

lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

5H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 8.8 (s, IH), 8.9 (m, IH), 9.1 (m, IH); HPLC 

Purity: 99.3%; LCMS, m/z found 566.3 (M+l)+, 

o 
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/V-(4-(4-(5-FluoropicoHnoyl)piperazine-l-carbonyl)-2-rnethoxyphenyl)quinoline-

8-suIfonamide (120ci): 

3H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

5H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 8.8 (s, 1H), 9.1 (m, IH); HPLC Purity: 99.4%; 

LCMS, m/z found 550.3 (M+lf. 

jV-(2-Methoxy-4-(4-(4-(trifluoromethyI)nicotiiioy!)piperazine-l-

carbonyl)pheny!)quinoline-8-suIfonamide (120cj): 

3H NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

4H), 8.2-8.4 (m, 2H), 8.6 (s, IH), 8.8 (m, 2H), 9.1 (m, IH); HPLC Purity: 99.9%; 

LCMS, m/z found 600.3 (M+l)+. 

7V-(4-(4-(5-Chloronicotinoyl)piperazine-l.-carbonyl)-2-methoxyphenyI)quiiioliiie-

8-sulfonamide (120ck): 

*H NMR (400 MHz, CDCI3) 8; 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

4H), 8.0 (m, IH), 8.4-8.6 (m, 2H), 8.7 (s, IH), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 

95.7%; LCMS, m/z found 566.3 (M+l)\ 

0 

o 
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AK4-(4-(5-Fiuoronicotinoyl)piperazine-l-carbonyl)-2-methoxyphenyl)qumoline-
8-sulfonamide (120cl): 

'H NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

4H), 8.0 (m, IH), 8.4-8.6 (m, 2H), 8.7 (s, IH), 8.8 (s, IH), 9.1 (m, IH); HPLC Purity: 

89.4%; LCMS, m/z found 550.3 (M+Jf. 

N-(4-(4-(3-ChIoroisonicotinoyI)piperazine-l-carboriyI)-2-

methoxyphenyI)quinoline-8-sulfonamide (120cm): 

'H NMR (400 MHz, CDCI3) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

3H), 8.0 (m, IH), 8.4-8.6 (m, 4H), 8.9 (s, IH), 9.1 (m, IH); HPLC Purity: 98.5% ; 

LCMS, m/z found 566.3 (M+Jf. 

/V-(4-(4-(3-FluoroisomcotinoyI)piperazine-l-carbonyl)-2-

methoxyphenyl)qumoHne-8«sulfonamide (120cn): 

!H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9 (m, 2H), 7.6-7.8 (m, 

4H), 8.0 (m, IH), 8.4-8.6 (m, 3H), 8.9 (s, 1H), 9.1 (m, IH); HPLC Purity: 94.9% ; 

LCMS. m/z found 550.3 (M+lf. 
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/V-(2-Methoxy-4-(4-(2-methoxyisonicotinoyi)piperazine-l-
carbony!)pheny!)quinoIine-8-suIfonamide (120co): 

lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.8 (s, 3H)S 3.9 (s, 3H), 6.6-6.9 (m, 

4H), 7.6-7,8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 8.9 (s, IH), 9.1 (m, IH); HPLC 

Purity; 97.3%; LCMS5 m/z found 562.3 (M+.1 f. 

/V-(2-Methoxy-4-(4-(2-(trifiuoromethyl)nicoimoyl)piperazIne-l-

carbonyl)phenyl)quinoIine-8-sulfonamide (120cp): 

NMR (400 MHz, CDC13) 5: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.6 (s, IH), 6.9 (m, IH), 

7.6-7.8 (m, 5H), 8.0 (m, IH), 8.2-8.4 (ra, 2H), 8.9 (s, IH), 9.1 (m, IH); HPLC Purity: 

99.7%; LCMS, m/z found 600.3 (M+l)+. 

/V-(2-Methoxy-4-(4-(2-methoxynicotinoyI)piperazine-l-

carbonyI)phenyI)quinoline-8-sulfonamide (120cq): 

]H NM.R (400 MHz, CDC13) 8: 3.2-3.8 (m5 8H), 3,8 (s, 3H), 3.9 (s, 3H), 6.6 (s, IH), 

6.9 (m, IH), 7.6-7.8 (m, 4H), 8.0 (m, IH), 8.2-8.4 (m, 3H), 8.9 (s, IH), 9.1 (m, IH); 

HPLC Purity; 99.8%; LCMS, m/z found 562.4 (M+lf. 
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Tetrahydrofuran-3-yI 4-(3-melhoxy-4-(quinoIine-8-

suIfonamido)benzoyl)piperazine-l-carboxylate (120cr): 

!H NMR (400 MHz, CDC13) 5: 2.2 (m, 2H), 3.2-3.8 (m, 8H), 3.9 (s, 3H), 4.0(m, 2H), 

5.0 (m, 1H), 6.9 (m, 2H), 7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 (m, 2H), 9.1 (ra, IH); 

HPLC Purity: 98.1%; LCMS, m/z found 541.0 (M+I)+. 

(Tetrahydrofuran-2-yl)methyI 4-(3-methoxy-4-(quinoline-8-
su!fonainido)benzoyl)piperazine-l-carboxyIate (120cs): 

lH NMR (400 MHz, CDC13) S: 1.2 (m, 2H), 1.2 (m, 2H), 1.6 (m, IH), 2.0 (m, 2H), 

3.2-3.8 (m, 8H), 3.9 (s, 3H), 4.0(m, 2H), 6.9-7.0 (m, 2H), 7.6-7.8 (m, 3H), 8.0 (m, 

IH), 8.2-8.4 (m, 2H), 9.1 (m, IH); HPLC Purity: 99.0%; LCMS, m/z found 555.1 
(M+lf. 

2-Cyclopentylethyl 4-(3-methoxy-4-(qumoline-8-

sulfonamido)benzoyI)piperazine-l-carboxyIale (120ct): 

5H NMR (400 MHz, CDC13) 8: 1.2 (m, 6H), 1.6 (m, 12H), 2.0 (m, 2H), 3.2-3.8 (m, 

8H), 3.9 (s, 3H), 4.0(m, 2H), 6.9-7.0 (m, 2H), 7.6-7.8 (ra, 3H), 8.0 (m, IH), 8.2-8.4 

(m, 2H), 9.1 (m, IH); HPLC Purity: 99.0%; LCMS, m/z found 589.1 (M+l 
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2-CyciohexyIethyI 4-(3-methoxy-4-(quinoline-8-sulfonamido)benzoyl)piperazine* 

1-carboxylate (120cu): 

!H NMR (400 MHz, CDC13) 5: 1.0 (m, 2H), 1.2 (m, 6H), 1.6 (m, 6H), 3.2-3.8 (m, 

8H), 3.9 (s, 3H), 4.6(m, IH), 6.9-7.0 (m, 2H), 7.6-7.8 (m, 3H), 8.0 (m, IH), 8.2-8.4 

(m, 2H), 9.1 (m, IH); HPLC Purity: 98.3%; LCMS, m/zfound 581.4 (M+lf, 

Synthesis of Piperazine Derivatives with 3-trifIuoromethyi or 3-trifluoromethoxy 

Substituted Phenyl Rings 

Scheme 18 

0. P 
NaH /DMF 

0 °C - RT, 45 min 
EtOOC 

LiOH, 
THF-HzO (1:1) 

reflux, 12 hr HOOC 

.Boc 

HN 

EDCi, HOBt, 
DIPEA, DMF 

RT, 16 hr 

2. MeOH/HCi 

R = CF3, OCF3 

122 

O x 
Ar"X>H 

EDCI, HOBt, 
DIPEA, DMF 

RT, 16 hr 

123 

125a-g 

General procedure for the synthesis of sulfonamide 122: To a stirred solution of 

amine 121 (30.3 mmol) in DMF (20 ml per gm) under nitrogen atmosphere was added 

sodium hydride (90.9 mmol) portion-wise at 0 °C and stirred for 10 min at RT. 

Quinoline-8-sulfonyl chloride 89 (8.94 gm, 39.4 mmol) was then added to the 

reaction mixture at 0 °C. The resulting mixture was stirred for further 30 min at RT. 

After completion of the reaction, most of the solvent was removed under low 

pressure. The residue was diluted with ice water-EtOAc mixture and the pH was 

brought to 7.0 using saturated solution of Nal-LPO^ The product was then extracted 
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in EtOAc, washed with water and brine, dried over sodium sulphate and the solvent 

removed under low pressure. The resulting ciude product (80 %) was then to the next 

step without further purification. 

General procedure for the synthesis of hydrolysis product 123: To a stirred 

solution of sulfonamide 122 (22.4 mmol) in THF:H20 (1:1) under nitrogen 

atmosphere was added solid LiOH (9.4 gm, 224 mmol) at RT. The solution was then 

refluxed for 6 hr. After completion of the reaction, the reaction mixture was washed 

with ethyl acetate (2x 100 ml) to remove non polar impurities. The aqueous layer was 

acidified (pH 4) with citric acid solution. The resultant precipitate was filtered out and 

air-dried. The traces of water were removed by co-distillation with toluene. The 

resultant off white solid (80 %) was taken to the next step without further purification. 

General procedure for the synthesis of sulfonamide 124: EDCI (3.8 g, 19.8 mmol) 

and HOBT (2.67 g, 19.8 mmol) were added to a stirred solution of the acid 123 (19.8 

mmol) in anhydrous DMF, The temperature of the mixture was reduced to 0 °C, at 

which time DIPEA (11 mi, 59.45 mmol) was added under nitrogen atmosphere and 

the resultant solution (or suspension) was stirred at room temperature for 30 min. 

Boc-piperazine (3.68 g, 19.8 mmol) was then added at 0 °C. The reaction mixture was 

then brought to room temperature and stirred overnight. After completion of the 

reaction, the reaction mixture was diluted with water and extracted with ethyl acetate 

(3 x 70 ml). The organic layer was washed with water (3 x 50 ml), dried over 

anhydrous sodium sulfate, filtered and concentrated over the rotary evaporator to get 

the crude product. Cmde product was purified by column chromatography (60-120 

silica gel, 2% MeOH-DCM) to get pure product, Boc-125 (8.0 g, 82%) as an off-

white solid, which was subjected to the treatment with methanolic HC1 (100 ml) for 2 

hr at RT. After the complete cleavage of Boc-group, the solvent was removed under 

low pressure, to give the crude product as an HC1 salt. The aqueous solution of the 

salt was washed with diethylether and basified with NaHCOs (pH 10). The desired 

product was then partitioned into ethyl acetate, dried with anhydrous Na2S04 and the 
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solvent removed under low pressure to get the free amine 125 as off white solid (6.0 

g, 95 %). 

General procedure for the synthesis of amides 125a-g: EDCI (48 mg, 0.2525 

mmol) and HOBT (34 mg, 0.2525 mmol) were added to a stirred solution of the Ar-

COOH (0.2525 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (139 fil, 0.7575 mmol) was added under 

nitrogen atmosphere and the resultant solution (or suspension) was stirred at room 

temperature for 30 min. Amine 124 (100 mg, 0.2525 mmol) was then added at 0 °C. 

The reaction mixture was then brought to room temperature and stirred overnight. 

After completion of the reaction, the reaction mixture was diluted with water and 

extracted with ethyl acetate (3 x 15 ml). The organic layer was washed with water (3 x 

10 ml), dried over anhydrous sodium sulfate, filtered and concentrated over the rotary 

evaporator to get the crude product. Crude product was purified by either by silica 

column Chromatography or preparative HPLC to obtain the pure products in 52-70% 

yields. 

A^(4-(4-Isonicotinoylpiperazine-l-carbonyl)-2-

(trifluoromethyl)phenyl)quinoline-8-sulfonamide (125a): 

lH NMR (400 MHz, CDCI3) 5: 3.2-3.8 (m, 8H), 7.2 (m, 2H), 7.4-7.7 (m, 4H), 8.0 (m, 

2H), 8.4-8.8 (m, 4H), 9.1 (m, IH); HPLC Purity: 99.0%; LCMS, m/z found 570.1 

(M+l)\ 

N-(4-(4-Nicotinoylpiperazine-l-carboiiyi)-2-(trifluoromethyI)phenyl)quinoIine-8-

sulfonamide (125b): 

o 
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]H NMR (400 MHz, CDCb) 5; 3.2-3.8 (m, 8H), 7.2 (m, 2H), 7.4-7.9 (m, 5H), 8.0-8.4 

(m, 2H), 8.4-8.8 (m, 3H), 9.1 (m, IH); HPLC Purity: 98.4%; LCMS, m/z found 570.1 
(M+J)\ 

A;-(4-(4-(Pyraziiie-2-carbonyl)piperazine-l-carbonyI)-2-

(triftuoromelhyl)phenyl)qumolme-8-sutfonamide (125c): 

lU NMR (400 MHz, CDCb) S: 3.2-3.8 (m, 8H), 7.4-7.9 (m, 5H), 8.0-8.4 (m, 2H), 8.4-

8.8 (m, 3H), 9.1 (m, 2H); HPLC Purity: 90.0%; LCMS, m/z found 571.1 (M+J)\ 

/V-(4-(4-(2,6-DifluorobenzoyI)piperazme-l-carbonyi)-2-

(tnfluoroiiiethyl)phenyI)cjuiiioline-8-sulfonainide (125d): 

lH NMR (400 MHz, CDCb) 8: 3.2-3.8 (m, 8H), 7.0 (m, IH), 7.2-7.9 (m, 6H), 8.2-8.8 

(m, 3H), 9.1 (m, 2H); HPLC Purity: 90.0%; LCMS, m/z found 571.1 (M+l)+. 

/V-(4-(4-(2-FIuoro-3-methoxybenzoyl)piperazine-l-carbonyl)-2-

(trifluoromethyl)phenyl)quinoltne-8-sulfonaniide (125e): 
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lH NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 3.9 (s, 3H), 6.9-7.2 (m, 2H), 7.4-7.9 

(m, 5H), 8.0-8.6 (m, 3H), 9.1 (m, 2H); HPLC Purity: 99.0%; LCMS, m/z found 617.1 

/V-(4-(4-(l,2,3-Thiadiazole-4-carbonyl)piperazine-l-carbonyl)-2-

(trifluoromethyl)phenyl)quinolme-8-sulfonamide (125f): 

o 

LH NMR (400 MHz, CDCh) 8: 3.2-3.8 (m, 8H), 7.4-7.9 (m, 4H), 8.1-8.6 (m, 3H), 9.0 

(m, 2H), 9.2 (s, IH); HPLC Purity: 99.0%; LCMS, m/z found 557.1 (M+J)+. 

/V-(4-(4-(Thiazole-4-carbonyI)piperazine-l-carbonyl)-2-

(trifluoromethyI)phenyI)quinoIine-8-sulfonaniide (125g): 

"H NMR (400 MHz, CDC13) 8: 3.2-3.8 (m, 8H), 7.4-7.9 (m, 3H), 8.1-8.6 (m, 4H), 8.8 

(s, IH), 9.0 (m, IH); HPLC Purity: 99.3%; LCMS, m/z found 576.1 (M+lf. 

Synthesis Homopiperazine Compounds 

Scheme 19 
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General procedure for the synthesis of sulfonamide 127: To a stirred solution of 

amine 126 (30.3 mmol) under nitrogen atmosphere was added pyridine (50 ml) at 0 

°C and stiiied for 10 min. Quinoline-8-sulfonyl chloride 89 (8.94 gm, 39.4 mmol) was 

then added to the reaction mixture at the same temperature. The resulting mixture was 

stirred for 16 hr at RT. After completion of the reaction, the solvent was removed 

under low pressure. The traces of pyridine were removed by co-distillation with 

toluene. Diethylether was added to the resulting residue, and the solid product was 

filtered out and air-dried. The resulting crude product (8.0 gm, 74 %) was taken to the 

next step without further purification. 

General procedure for the synthesis of acid 128: To a stirred solution of 

sulfonamide 127 (22.4 mmol) in THF:H20 (1:1) under nitrogen atmosphere was 

added solid LiOH (9.4 gm, 224 mmol) at RT. The solution was then refluxed for 6 hr. 

After completion of the reaction, the reaction mixture was washed with ethyl acetate 

(2x 100 ml) to remove non polar impurities. The aqueous layer was acidified (pH 4) 

with citric acid solution. The resultant precipitate was filtered out and air-dried. The 

traces of water were removed by co-distillation with toluene. The resultant off white 

solid (80 %) was taken to the next step without further purification. 

General procedure for the synthesis of amine 129: EDCI (3.8 g, 19.8 mmol) and 

HOBT (2.67 g, 19.8 mmol) were added to a stirred solution of the acid 128 (19.8 
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mmol) in anhydrous DMF. The temperature of the mixture was reduced to 0 °C, at 

which time DIPEA (11 ml, 59.45 mmol) was added under nitrogen atmosphere and 

the resultant solution (or suspension) was stirred at room temperature for 30 min. 

Boc-homopiperazine (19.8 mmol) was then added at 0 °C. The reaction mixture was 

then brought to room temperature and stirred overnight. After completion of the 

reaction, the reaction mixture was diluted with water and extracted with ethyl acetate 

(3 x 70 ml). The organic layer was washed with water (3 x 50 ml), dried over 

anhydrous sodium sulfate, filtered and concentrated over the rotary evaporator to get 

the crude product. Crude product was purified by column chromatography (60-120 

silica gel, 2% MeOH-DCM) to get pure product, Boc-129 (85%) as an off-white solid, 

which was subjected to the treatment with methanolic HC1 (100 ml) for 2 hr at RT. 

After the complete cleavage of Boc-group, the solvent was removed under low 

pressure, to give the crude product as an HC1 salt. The aqueous solution of the salt 

was washed with diethylether and basified with NaHCC>3 (pH 10). The desired 

product was then partitioned into ethyl acetate, dried with anhydrous Na2S04 and the 

solvent removed under low pressure to get the free amine 129 as off white solid (92 

%). 

General procedure for the synthesis of amides 130a-r: EDCI (48 mg, 0.2525 

mmol) and HOBT (34 mg, 0.2525 mmol) were added to a stirred solution of the Ar-

COOH (0.2525 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (139 JJ.1, 0.7575 mmol) was added under 

nitrogen atmosphere and the resultant solution (or suspension) was stirred at room 

temperature for 30 min. Amine 129 (0.2525 mmol) was then added at 0 °C. The 

reaction mixture was then brought to room temperature and stirred overnight. After 

completion of the reaction, the reaction mixture was diluted with water and extracted 

with ethyl acetate (3x15 ml). The organic layer was washed with water (3 x 10 ml), 

dried over anhydrous sodium sulfate, filtered and concentrated over the rotary 

evaporator to get the crude product. Crude product was purified by either by silica 

column chromatography or preparative HPLC to obtain the pure products in 54-72% 

yields. 
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/V-(4-(4-(2-(2-Fluorophetiyl)acetyl)-l,4-diazepane-l-carboi\yl)phenyl)quinoline-8-

sulfonamide (130a): 

JH NMR (400 MHz, DMSOd6) 8: 3.0-3.8 (m, J OH), 7.0-7.4 (m, 8H), 7.5-7.8 (m, 2H), 

8.0-8.4 (m, 3H), 9.1 (m, IH); HPLC Purity; 98.1%; LCMS, m/z found 547.4 (M+l)+. 

/V-(4-(4-(2-(5-FIuoropyridin-2-yl)-2-methylpropanoyl)-l,4-diazepane-l-
carbonyI)phenyl)quinoIine-8-sulfonamide (130b): 

'H NMR (400 MHz, DMSOd6) 8: 1.4 (s, 6H), 3.0-3.8 (m, 10H), 7.0-7.2 (m, 6H), 7.6-

7.8 (m, 2H), 8.0-8.4 (m, 3H), 9.1 (m, IH); HPLC Purity: 98.6%; LCMS, m/z found 

575.4 (M+l A 

/V-(4-(4-(2-Fluoro-3-methoxy benzoyl)-!,4-diazepane-l-

carbonyl)phenyl)quinoline-8-sulfonamide (130c): 

'H NMR (400 MHz, DMSOdg) 8: 3.0-3.8 (m, 10H), 3.9 (s, 3H), 6.9-7.2 (m, 7H), 7.6-

7.8 (m, 2H), 8.2-8.4 (m, 3H), 9.1 (m, IH); HPLC Purity: 98.2%; LCMS, m/z found 

561.5 (M+l )+. 
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A7-(4-(4-Picolinoy!-l,4-diazepane-l-carbony!)phenyI)quinoIine-8-suIfonamide 
(130d): 

lH NMR (400 MHz, DMSOd6) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H)f 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 5H), 9.1 (m, IH); HPLC Purity: 99.4%; LCMS, m/z found 516.0 (M+l)+. 

N-(4-(4-(2,6-DifluorobenzoyI)-l.,4-diazepane-l-carbonyl)phenyI)quinoline-8-
sulfonamide (130e): 

NMR (400 MHz, DMSOd6) 8: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 4H), 9.1 (m, IH); HPLC Purity: 98.7%; LCMS, m/z found 551.3 (M+l)+. 

N-(4-(4-(2-(4-Ffuorophenyl)acetyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide (130f): 

'H NMR (400 MHz, DMSOd6) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H)> 

8.2-8.4 (m, 5H), 9.1 (m, IH); HPLC Purity: 99.6%; LCMS, m/z found 547.2 (M+l)+. 

/V-(4-(4-(4-Chlorobenzoyl)-l,4-diazepane-l-carbonyl)phenyl)qiimoIine-8-
sulfonamide (130g): 
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o 

ci 

SH NMR (400 MHz, DMSOd^) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 5H), 9.1 (m, IH); HPLC Purity: 99.4%; LCMS, m/z found 549.3 (M+l f, 

AL(4.(4-(2-(4-(TrifluoromethyI)phenyl)acetyI)-l,4-diazepane-l-

carbonyI)phenyl)quinoline-8-sulfoiiamide (130h): 

NMR (400 MHz, DMSOd6) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 5H), 9.1 (m, IH); HPLC Purity: 99.2%; LCMS, m/z found 597.2 (M+l 

iV-(4.(4-(2,4-DichIorobenzoyl)-l,4-diazepane-l-carbony[)phenyi)quinoUne-8-

sulfonamide 2,2,2-trifluoroacetate (130i): 

hi NMR (400 MHz, DMSOd6) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 3H), 8.5 (s, IH), 9.1 (m, IH); HPLC Purity: 94.4%; LCMS, m/z found 

582.47 (M+l )+. 

/V-(4-(4-(2y3-Difluorobeiizoyl)-l,4-diazepane-l-carbonyl)plienyl)quinoline-8-

sulfonamide (130j): 
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'H NMR (400 MHz, CD3OD) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 4H), 9.1 (m, IH); HPLC Purity: 98.6%; LCMS, m/z found 549.5 (M-l 

/V-(4-(4-(3,4-DifIuorobenzoyI)-l,4-diazepane-l-carbonyl)phenyI)quinoline-8-

sulfonamide 2,2,2-trifluoroacetate (130k): 

lH NMR (400 MHz, CD3OD) 5: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 8H), 

8.2-8.4 (m, 4H), 9.1 (m, IH); HPLC Purity: 99.4%; LCMS, m/z found 549.3 (M-l)+. 

iV-(4-(4-(2-Methyhiicotinoyl)-l,4-d/azepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide (1301): 

'H NMR (400 MHz, CD3OD) 5: 1.4-1.6 (m, 2H), 2.1 (s, 3H), 3.0-3.8 (m, 8H), 7.0-8.0 

(m, 8H), 8.2-8.4 (m, 4H), 9.1 (m, IH); HPLC Purity: 98.0%; LCMS, m/z found 530.4 
(M+l)+, 

/V-(4-(4-(2-PhenylacetyI)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide 2,2,2-trifluoroacetate (130m): 
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o 

lH NMR (400 MHz, CD3OD) 5: i.4-1.6 (m, 2H), 1.6-2.0 (s, 2H), 3.0-3.8 (m, 8H), 

7.0-8.0 (m, 8H), 8.2-8.4 (m, 6H), 9.1 (m, IH); HPLC Purity: 98.8%; LCMS, m/z 

found 529.1 (M+l 

AM4-(4-(l,2,3-Thiadiazoie-4-carboiiyl)-l,4-diazepane-l-

carbonyI)phenyl)quinoHne-8-sulfonamide 2,2?2-trifluoroacetaie(130n): 

!H NMR (400 MHz, CD3OD) 6: 1.4-1.6 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 (m, 6H), 

8.2-8.4 (m, 4H), 9.1 (s, IH); HPLC Purity: 98.5%; LCMS, m/z found 523.1 (M+l )+. 

/V-(4-(4-(3-Phenylpropanoyl)-l,4-diazepane-l-carbonyI)plieiiyl)quinoline-8-

sulfonamide (130o): 

lH NMR (400 MHz, CD3OD) 5: 1.4-1.6 (m, 2H), 1.7 (t, 2H), 1.8 (t, 2H), 3.0-3.8 (m, 

8H), 7.0-8.0 (m, 8H), 8.2-8.4 (m, 6H), 9.1 (s, IH); HPLC Purity: 98.2%; LCMS, m/z 

found 543.1 (M+l )\ 

/V-(4-(4-(2-Pheiiylpropanoyi)-l,4-diazepane-l-carbonyi)phenyI)quinoIine-8-

sulfonamide (130p): 

o 
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o 

lH NMR (400 MHz, DMSOd6) 5: 1.2 (s, 3H), 1.3 (m, 2H), 3.0-3.8 (m, 8H), 4.0 (m, 

IH), 7.0-8.0 (m, 8H), 8.2-8.4 (m, 6H), 9.1 (s, IH); HPLC Purity: 97.1%; LCMS, m/z 

found 543.1 (M+l 

/V-(2-MethyM-(4-picoimoyM,4-diazepane-l-carbonyI)pheny!)quinoline-8-

sulfonamide (130q): 

:H NMR (400 MHz, DMSOd6) 8: 1.2 (s, 3H), 1.3 (m, 2H), 3.0-3.8 (m, 8H), 7.0-8.0 

(m, 8H), 8.2-8.4 (m, 4H), 9.1 (s, IH); HPLC Purity: 96.3%; LCMS, m/z found 530.1 
(M+l f. 

/V-(2-Hydroxy-4-(4-picoIinoyl-l,4-diazepane-l-carbonyI)phenyI)qumoline-8-

sulfonamide (130r): 

]H NMR (400 MHz, DMSOd6) 8: 1.3-1.8 (m, 2H), 3.0-3.8 (m, 8H), 5.8 (s, IH), 7.0-

8.0 (m, 8H), 8.2-8.4 (m, 4H), 9.1 (a, IH); 10.2 (s, 1H), HPLC Purity; 98.0%; LCMS, 

m/z found 532.2 (M+l )+. 

Synthesis of Piperazine Based Reverse Sulfonamides 
Scheme 20 
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General procedure for the synthesis of sulfonamide 133: To a stirred solution of 

Quinoline-8-amine 131 (30.3 mmol) under nitrogen atmosphere was added pyridine 

(50 ml) at 0 °C and stirred for 10 min. 4-(Chlorosuifonyl)benzoic acid (132, 30.3 

mmol) was then added to the reaction mixture at the same temperature. The resulting 

mixture was stirred for 16 hr at RT. After completion of the reaction, the solvent was 

removed under low pressure. The traces of pyridine were removed by co-distillation 

with toluene. Diethylether was added to the resulting residue, and the solid product 

was filtered out and air-dried. The resulting crude product (74 %) was then to the next 

step without further purification. 

General procedure for the synthesis of sulfonamide 135: EDCI (3.8 g, 19.8 mmol) 

and HOBT (2.67 g, 19.8 mmol) were added to a stirred solution of the acid 133 (19.8 

mmol) in anhydrous DMF. The temperature of the mixture was reduced to 0 °C, at 

which time DIPEA (11 ml, 59.45 mmol) was added under nitrogen atmosphere and 

the resultant solution (or suspension) was stirred at room temperature for 30 min. 

Secondaiy amine 134 (19.8 mmol) was then added at 0 °C. The reaction mixture was 

then brought to room temperature and stirred overnight. After completion of the 

reaction, the reaction mixture was diluted with water and extracted with ethyl acetate 

(3 x 70 ml). The organic layer was washed with water (3 x 50 ml), dried over 

anhydrous sodium sulfate, filtered and concentrated over the rotary evaporator to get 

the crude product. Crude product was purified by column chromatography (60-120 
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silica gel, 2% MeOH-DCM) to get pure product, Boc-135 (83%) as an off-while solid, 

which was subjected to the treatment with methanolic HC1 (100 ml) for 2 hr at RT. 

After the complete cleavage of Boc-group, the solvent was removed under low 

pressure, to give the crude product as an HC1 salt. The aqueous solution of the salt 

was washed with diethylether and basified with NaHCCh (pH 10). The desired 

product was then partitioned into ethyl acetate, dried with anhydrous Na2S04 and the 

solvent removed under low pressure to get the free amine 135 as off white solid (95 

%). 

General procedure for the synthesis of amides 136a-c: EDCI (48 mg, 0.2525 

mmol) and HOBT (34 mg, 0.2525 mmol) were added to a stirred solution of the 

picolinic acid (0.2525 mmol) in anhydrous DMF. The temperature of the mixture was 

reduced to 0 °C, at which time DIPEA (139 pi, 0.7575 mmol) was added under 

nitrogen atmosphere and the resultant solution (or suspension) was stirred at room 

temperature for 30 min. Amine 135 (100 mg, 0.2525 mmol) was then added at 0 °C. 

The reaction mixture was then brought to room temperature and stirred overnight. 

After completion of the reaction, the reaction mixture was diluted with water and 

extracted with ethyl acetate (3 x 15 ml). The organic layer was washed with water (3 x 

10 ml), dried over anhydrous sodium sulfate, filtered and concentrated over the rotary 

evaporator to get the crude product. Crude product was purified by either by silica 

column chromatography or preparative HPLC to obtain the pure products in 55-76% 

yields. 

4-(4-PicoIinoylpiperazine-l-carbonyI)-N-(quinolin-8-yl)benzenesulfonamide 
(136a): 

o 
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*H NMR (400 MHz, DMSOd6) 5: 1.4-1.6 (m, 2H), 3.2-3.8 (m, 8H), 7.0-8.0 (m, 10H), 

8.2 (m, IH), 8.5 (d, 2H), 8.8 (d; 2H), 10.2 (s, IH); HPLC Purity: 99.4%; LCMS, m/z 

found 502.1 (M+l)+, 

4-(4-Picoiinoyi-l,4-diazepane-l-carbony!)-N-(quinolin-8-yl)benzeiiesiiIfonamide 
(136b): 

'H NMR (400 MHz, DMSOd6) 5: 3.2 (m, 2H), 3.5 (m, 2H), 3.8 (m, 6H), 7.0-7.4 (m, 

6H), 7.6-8.0 (m, 4H), 8.2-9.0 (m, 4H), 10.2 (s, IH); HPLC Purity: 97.8%; LCMSf m/z 

found 516.2 (M+l)+, 

Synthesis of Benzyl Series - Piperazine Based Compounds with Substituted 

Phenyl Rings 

Scheme 21 
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Pyridine, DCM 

N'" RT, 18 h, 90% 
COOEt S02CI 

BocN 
NH.HCI 

137 
HOOC 

ri = 1, Piperizine 
n = 2, Homopiperizine 

EtOOC 
Reflux, 12 h, 90% 

HOOC' 

90 91 

91 

138 Methanolic HCI/0 °C-RT r,H HN^\ 

PyBop 

DIPEA, DMF 
0 °C - rt, 12 h, 

40 - 60% 

BocN (WN 
138 

n = 1, Piperizine 
ri = 2, Homopiperizine 

Aldehyde, STAB 

AcOH-DCM 

139 
n = 1, Piperizine 
n = 2, Homopiperizine 

STAB = Sodium tri-acetoxy borohydride 

V' n = 1, Piperizine 
n = 2, Homopiperizine 

Synthesis of ethyl 4-(quinoIine-8-sulfonamido)benzoate (90): 

To a solution of amine 88 (16 gm, 96.85 mmol) in a mixture (1:1) of DCM and 

pyridine, sulfonyl chloride 89 (27.56 gm, 121.07 mmol) was added at room 

temperature under N2 atmosphere. The resulting mixture was allowed to stir for 16 

hrs. After completion of reaction, the crude mixture was diluted with DCM, washed 

with water followed by IN HC1. The organic layer was then dried over Na2SC>4 and 

concentrated under reduced pressure to afford product 90 in 98% yields (34 gm). 
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Synthesis of 4-(quinoline-8-sulfonamido)benzoic acid (91): 

HO2C 

To a solution of sulfonamide 90 (34 gm, 95.5 mmol) in THF and water (1:1), LiOH 

(20 gm, 47.66 mmol) was added and the resulting mixture was allowed to stir at 80 °C 

overnight. After completion of reaction, the crude mixture was washed with EtOAc. 

The aqueous layer was acidified with citric acid and filtered. Thus obtained solid was 

washed with Et20 and azeotroped by toluene, under reduced pressure to afford acid 

91 (30 gm, 95.8% yield) which was taken forward for the next step without further 

purification. 

Synthesis of tert-butyl 4-(4-(quinoline-8-siilfonamido)benzoyI)piperazine-l-
carhoxylate (138): 

To a solution of acid 91 (2 gm, 6.09 mmol) in DMF, PyBoP (Benzotriazole-l-yl-oxy-

tris-(dimethyiamino)-phosphonium hexafluorophosphate) (4.75 gm, 9.14 mmol) was 

added at 0 °C and allowed to stir for 5 minutes. Then Boc protected 

piperizine/homopiperizine 137 (1.13 gm, 6.09 mmol) was added to the reaction 

mixture at the same temperature under N2 atmosphere and stirred overnight at room 

temperature. After completion of reaction, mixture was diluted with water and 

extracted with EtOAc. The organic layer was washed with water, dried over Na2S04, 

and evaporated under reduced pressure. The residue was purified by column 

chromatography (silica gel, 60-120 mesh; MeOH-DCM, 2:8) to afford product 138 in 

66% yield (2 gm). 
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Synthesis of N-(4-(piperazine-l-carbonyl)phenyi)qumoiine-8-suifonamide (139): 

To a solution of MeOH HCl, Boc protected amine 138 (2 gm, 4.03 mmol) was added 

and the resulting mixture was stirred for 1 hr. After completion of reaction, solvent 

was removed under reduced pressure, washed with water followed by addition of 

NaHCOs and extracted with DCM. The organic layer was dried over Na2S04 and 

evaporated under reduced pressure to afford product 139 (1.5 gm, 94.30% yield). 

General procedure for the synthesis of compound (VIII-1)-(VIII-216): 
To a solution of amine 139 (0.25 mmoles) and appropriate aldehyde (0.27 mmol) in 

DCM, acetic acid (0.2 mL) was added at room temperature and the resulting mixture 

was allowed to stir for 30 min. Then STAB (0.26 gm, 1.26 mmol) was added to 

reaction mixture and the resulting mixture was allowed to stir at 50 °C for 1 hr. After 

completion of reaction, the crude mixture was diluted with DCM washed with water, 

dried over Na2S04 and concentrated under reduced pressure. The residue was purified 

by column chromatography (silica gel, 60-120 mesh; MeOH-DCM, 2:8) to afford 

product (VIIMMVIII-216) in 32-45% yield. 

N-(4~(4-benzylpiperazine-l-carbonyl)phenyI)quinoIine-8-sulfonamide (VIII-1): 

lH NMR (400 MHz, CDC13) 5: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 fm, 6H), 7.1-7.2 (m, 4H), 7.59-7.64 (m, 2H), 8.03-8.28 (m, 2H), 9.18 

(s, IH), 10.4 (s, IH); HPLC Purity: 98.7%; LCMS: 487 {M+ 1 ). 
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N-(4-(4-(2-cyanobenzyl)piperazine-l-carbonyl)phenyI)quinoline-8-siilfonamide 

]H NMR (400 MHz, CDC13) 5: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-8.1 (m, 4H), 9.18 (s, IH); HPLC 

Purity: 99.2%; LCMS: 512.3 (M+ 7). 

N-(4-(4-(4-acetyIbenzyI)piperazine-l-carbonyl)phenyI)quinoIine-8-suifonamide 

lH NMR (400 MHz, CDCi3) 8: 1.8 (s, 2H), 2.6 (s, 3H), 2.40 (br d, 4H), 3.38 (br d, 

2Ii), 3.48 (d, 2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.60-7.71 (m, 2H)t 8.01-8.28 

(m, 2H), 9.18 (s, IH); HPLC Purity : 97.8%; LCMS: 529.2 (M+ 1). 

N-(4-(4-(4-cyanobenzyI)piperazine-l-carbony[)pheiiyI)quinoHiie-8-sulfonamide 

(VIII-4): 

SH NMR (400 MHz, CDC13) 8: 1.8 (s, 2H), 2.40 (br d, 411), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-7.64 (m, 2H), 8.03-8.28 (m, 2H), 9.18 

(s, IH); HPLC Purity: 97.8%; LCMS: 512.3 (M.+ 1 ). 

(VIII-2): 

(VIII-3): 
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N-(4-(4-(4-brornobenzyl)piperazine-l-carbonyI)phenyl)quinoIine-8-sulfonamide 

(VII1-5): 

!H NMR (400 MHz, CDCh) 8: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-7.64 (m, 2H), 8.03-8.28 (m, 2H), 10.4 

(s, IH); HPLC Purity: 98.3%; LCMS: 566.1 (M+ 1 ). 

N-(4-(4-(3-chlorobenzyl)piperazine-l-carbonyl)phenyI)quinoIine-8-suIfonamide 

lE NMR (400 MHz, CDC13) 6: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.8-7.04 (m, 4H), 7.1-7.2 (m, 3H), 7.59-7.64 (m, 4H), 8.0-8.6 (m, 3H), 10.4 (s, 

IH); HPLC Purity: 96.5%; LCMS: 522.1 (AT+ 1). 

N-(4-(4-(3-methoxybenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-7): 

NMR (400 MHz, CDC13) 8: 2.40 (s, 2H), 3.9 (s, 3H), 3.68 (br s, 4H), 3.4-3.6 (m, 

4H), 7.06 (m, 4H), 7.18 (m, 3H), 7.25 (m, 2H), 7.42 (m, 2H), 8.58 (s, IH), 9,18 (s, 

IH); HPLC Purity: 97.8%; LCMS: 517.1 (A#+ 1 ). 

(VIII-6): 
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N-(4-(4-(cyclopropyImelhyl)piperazine-l-carbonyl)phenyl)quinoline-8-
sulfonaraide (YIII-8): 

lH NMR (400 MHz, DMSO-d6) 5: 1.2 (t, 2H), 1.3 (t, 2H), 1.31-1.35 (m, IH), 2.40 (s, 

2H), 3.68 (br s, 4H), 3.4-3.6 (m, 4H), 7.06 (m, 6H), 7.25-7.42 (m, 3H), 9.18 (s, IH) 

10.4 (s, IH); HPLC Purity: 97.81%; LCMS: 451.3 (M+ J ). 

N-(4-(4-butylpiperazine-l-carbonyi)phenyl)quinoIiiie-8-sulfonamide (VIII-9): 

lH NMR (400 MHz, DMSO-d6) 8: 1.25-1.3 (m, 2H), 1.38-1.35 (m, 2H), 1.5 (t, 3H), 

2.40 (s, 2H), 3.68 (br s, 4H), 3.4-3.6 (m, 4H), 7.06 (m, 6H), 7.25-7.42 (m, 3H), 9.18 

(s, IH) 10.4 (s, IB); HPLC Purity: 99.7%; LCMS: 453.2 (M+ J ). 

N-(4-(4-(pyridin-2-ylmelhyI)piperazine-l-carbonyI)pheny!)quinoIine-8-

sulfonamide (V1II-10): 

!H NMR (400 MHz, DMSO-d6) 8: 2.5 (s, 2H), 3.68 (br s, 4H), 3.4-3.6 (m, 4H), 7.0-

7.4 (m, 8H), 7.3-7.4 (m, 3H), 9.18 (s, IH), 10.4 (s, IH); HPLC Purity: 95.8%; LCMS: 

488.1 (Af+ 1). 
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N-(4-(4-(2-chlorobenzy!)piperazine-l-carbonyI)phenyI)quinoIine-8-suIfonamide 

(VIII-11): 

lH NMR (400 MHz, DMSO-d6) 5: 2.5 (s, 2H), 3.68 (br s, 4H), 3.4-3.6 (m, 4H), 7.0-

7.4 (m, 6H), 7.3-7.4 (m, 4H), 8.0-8.35 (m, 3H), 9.18 (s, 1H), 10.4 (s, IH); HPLC 

Purity: 98.8%; LCMS: 522.1 (M+ 1 ). 

N-(4-(4-(2-acetyIbenzyl)piperazine-l-carbonyI)phenyl)quino!ine-8-suIfonamide 

(VIII-12): 

3H NMR (400 MHz, CDCb) 5: 1.8 (s, 2H), 2.6 (s, 3H), 2.40 (br d, 4H), 3.38 (br d, 

2H), 3.48 (d, 2H), 7.0-7.4 (m, 6H), 7.45-7.7(m, 4H), 8.0-8.4 (m, 3H), 9.18 (s, IH), 

10.4 (s, IH); HPLC Purity: 98.3%; LCMS: 529.2 (M+ J), 

N-(4-(4-(3-cyanobenzyl)piperazine-l-carbonyl)phenyl)quinoIine-8-suIfonamide 
(VIII-13): 

H CNY"V -N—1 u ijf 0/S° 
1! 
0 

]H NMR (400 MHz, CDCi3) 8: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-8.1 (m, 4H), 10.35 (s, IH); HPLC 

Purity: 99.2%; MS: 512.3 (M+ J). 
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N-(4-(4-(4-ch]orobenzyI)piperazine-l-carbonyI)phenyl)qmnoline-8-siiIfonamide 
(VIII-14): 

lH NMR (400 MHz, CDC13) 5: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-7.64 (m, 2H), 8.03-8.28 (m, 2H), 10.4 

(s, IH); HPLC Purity: 98.3%; LCMS: 522.3 (M+ J), 

N-(4-(4-(2-cyanobenzyl)piperazine-l-carboiiyl)piienyl)quinoHne-8-su!fonamide 

lH NMR (400 MHz, DMSOd6) 6: 2.5 (s, 2H), 3.68 (br s, 4H), 3.4-3.6(m, 4H), 7.0-7.4 

(m, 6H), 7.3-7.4 (m, 4H), 8.0-8.35 (m, 3H), 9.18 (s, IH), 10.4 (s, IH); HPLC Purity: 

99.1%; LCMS: 512.3 (M+ 1). 

N-(4-(4-(4-acetylbenzyl)piperazine-l-carbonyI)phenyI)quinoIine-8-sulfonamide 
(VIII-16): 

lH NMR (400 MHz, CDCh) 5: 1.8 (s, 2H), 2.6 (s, 3H), 2.40 (br d, 4H), 3.38 (br d, 

2H), 3.48 (d, 2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.6-7.7 (m, 2H), 8.0-8.28 (m, 

2H), 10.3 (s, IH); HPLC Purity: 97.8%; LCMS: 529.2 (M+ 1). 

(VIII-15): 
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N-(4-(4-(4-cyaiiobenzyl)piperazine-l-carbonyl)phenyl)quinoHne-8-siilfonamide 

(VIII-17): 

H r il 
IT x\x CN x\x 

0 

3H NMR (400 MHz, CDC13) 8: 1.8 (s, 2H), 2.40 (br d, 4H), 3.38 (br d, 2H), 3.48 (d, 

2H), 6.79-7.04 (m, 6H), 7.1-7.2 (m, 4H), 7.59-7.64 (m, 2H), 8.03-8.28 (m, 2H), 10.3 

(s, IH); HPLC Purity: 97.8%; LCMS: 512.3 (M+ 1). 

N-(4-(4-(4-fluorobenzyl)piperazine-l-carbonyI)phenyI)quinoline-8-sulforiamide 

(VIII-18): 

]H NMR (400 MHz, CDCb) 8: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 6.94 (t, 2H), 7.02 (d, 2H), 7.17 (d, 2H), 7.20-7.26 (m, 2H), 7.56-7.64 (m, 2H), 

8.03 (d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.58 (s, IH), 9.18 (s, IH); HPLC Purity: 

97.62%; LCMS: 505 (M++ J). 

N-(4-(4-(4-bromobenzyl)piperaziiie-l-carbonyi)plieny!)quinoUne-8-siilfoiiamide 

(VIII-19): 

CO
 b ,—

z 0
 

/ 

'H NMR (400 MHz, CDC13) 8: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 6.94 (d, 2H), 7.06 (t, 4H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.01 (d, IH), 8.28 
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(d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 94.21%; LCMS: 567 

(ht). 

N-(4-(4-(3-chlorobenzyl)piperazine-l-carbonyl)piienyI)quinoline-8-suIfoiiamide 
(VIII-20): 

lH NMR (400 MHz, CDC13) 5: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 7.01 (d, 2H), 7.16 (t, 3H), 7.21-7.28 (m, 5H), 7.56-7.62 (in, 2H), 8.01 (d, IH), 

8.28 (d, IH), 8.38 (d, IH), 8.56 (s, 1H), 9.18 (s, IH); HPLC Purity: 99,41%; LCMS: 

567 (M++2). 

N-(4-(4-(3-methoxybenzyi)piperazine-l-carbony0phenyI)quinoIme-8-

sulfonamide (V1I1-21): 

JH NMR (400 MHz, CDC13) 5: 2.38 (br d, 4H), 3.38 (br s, 2H), 3.46 (s, 2H), 3.72 (br 

s, 2H), 3.82 (s, 3H), 6.79 (d, IH), 6.82 (s, 2H), 7.10 (q, 4H), 7.21-7.29 (m, 2H), 7.59-

7.66 (m, 2H), 8.01 (d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); 

HPLC Purity: 98.26%; LCMS: 539 (M+ + 23 ). 

N-(4-(4-(3-ch!oro-4-fluorobenzy!)piperazine-l-carbonyI)phenyI)quinoiine-8-

sulfonamide (VIII-22): 
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F 

lE NMR (400 MHz, CDC13) 8: 3.10 (br s, 4H), 3.84 (br s, 4H), 4.19 (s, 2H), 7.16 (d, 

2H), 7.21 (d, 2H), 7.28-7.34 (m, 1H), 7.44 (d, IH), 7.60-7.68 (m5 2H)5 8.10 (d, IH), 

8.36 (d, 1H), 8.41 (d5 1H), 9.18 (d, IH); HPLC Purity: 96.82%; LCMS: 539 (At). 

N-(4-(4-(4-methoxy-2-iiiethy!henzyI)piperazine-l-carbonyl)phenyl)qiiinolme-8-

sulfonamide (VJII-23): 

JH NMR (400 MHz, CDC13) 8: 2.38 (s, 3H), 2.80 (br s, 4H), 3.80 (s, 3H), 3.88 (br s, 

4H), 4.20 (s, 2H), 6.78 (d, 2H), 7.10 (d, 2H), 7.20 (d, 2H)5 7.25 (d, 2H), 7.60-7.65 (m, 

2H), 8.03 (d, IH), 8.32 (d, IH), 8.38 (d, 1H), 9.18 (d, IH); HPLC Purity: 96.98%; 

LCMS: 531 (At+1 ), 

N-(4-(4-(2-chIoro-3-methoxybenzyl)piperazine-l-carbony[)phenyl)quinoline-8-

sulfonamide (VIII-24): 

]H NMR (400 MHz, CDC13) 8: 2.41 (br s, 4H), 3.18 (br s, 4H), 3.81 (br s, 3H), 3.98 

(s, 2H), 7.02 (d, IH), 7.13 (d, 2H), 7.18-7.22 (m, 2H), 7.30 (t, IH), 7.60-7.67 (m, 2H), 

8.04 (d, 1H), 8.36 (d, IH), 8.38 (d, IH), 9.18 (d, IH); HPLC Purity: 99.46%; LCMS: 

551 (M+ ). 
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N-(4-(4-(4-chlQro-3-fluorobenzyI)piperazine-I-carbonyl)piieny!)quinolme-8« 

sulfonamide (VIII-25): 

'H NMR (400 MHz, CDClj) 5:3.15 (br s, 4H), 3.84 ( br s, 4H), 4.19 (s, 2H), 7.13-7.24 

(m, 6H), 7.48 (t, IH), 7.61-7.68 (m, 2H), 8.10 (d, IH), 8.34 (d, IH), 8.41 (d, IH), 9.18 

(d, IH); HPLC Purity: 99.24%; LCMS: 539 (M* ). 

N-(4-(4-(2-chloro-4-fluorobenzyi)piperazine-l-carbonyl)pIienyl)quinoline-8-
sulfonamide (VIII-26): 

1 

LL
. 

0 

) 

]H NMR (400 MHz, CDC13) 5: 2.37 (s, 4H), 3.21 (br s, 2H), 3.78 ( br s, 2H), 4.39 (s, 

2H), 7.18 (d, 2H), 7.21 (d, 2H), 7.61-7.65 (m, 2H), 8.05 (d, 1H), 8.36 (d, IH), 8.41 (d, 

IH), 9.18 (d, IH); HPLC Purity: 99.56%; LCMS: 539 (M+ ). 

N-(4-(4-(2>6-difluorobenzy!)piperazine-l-carbonyI)phenyI)quinoline-8-

sulfonaraide (V11I-27): 
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®H NMR (400 MHz, CDC13) 5: 3.07 (br s, 4H), 3.81 (s, 4H), 4.38 (s, 2H), 7.06 (t, 2H), 

7.12 (ci, 2H), 7.18 (d, 2H), 7.54 (s, IH), 7.60-7.64 (m5 2H), 8.01 (d, IH), 8.36 (d, IH), 

8.38 (d, 1H), 9.18 (d, IH); HPLC Purity: 98.26%; LCMS: 523 (Af++7 ). 

N-(4-(4-(2,3-dimethoxybenzy!)piperazine-l-carbonyl)phenyl)quinoline-8-
sulfonamide (VIII-28): 

!H NMR (400 MHz, CDC13) 8: 2.63 (br s, 4H), 3.57 (br s, 4H), 3.90 (d, 6H), 4.18 (s, 

2H), 6.98 (df 2H), 7.00 (d, IH), 7.14-7.19 (m, 6H), 7.58-7.64 (m, 2H), 8.06 (d, 1H), 

8.38 (d, IH), 8.40 (d, IH), 9.18 (d, IH); HPLC Purity: 99.41%; LCMS: 547 (At+1 ). 

N-(4-(4-(3,4-dimethoxybenzyl)piperazine-l-carbonyi)phenyI)quinoline-8-

sulfonamide (VIII-29): 

]H NMR (400 MHz, CDCI3) 5: 2.63 (br s, 4H), 3.57 (br s, 4H), 3.90 (d, 6H), 4.18 (s, 

2H), 6.83 (s, 2H), 7.00 (s, IH), 7.14 (d, 2H), 7.21 (d, 2H), 7.62-7.68 (m, 2H), 8.04 (d, 

IH), 8.38 (d, IH), 8.40 (d, IH), 9.18 (d, IH); HPLC Purity: 92.46%; LCMS: 547 
(M++1). 

N-(4-(4-(3-fliiorobenzyI)piperazine-l-carbonyl)phenyI)qutnoIine-8-sulfonamide 

(VIII-30): 
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PTOYCTV 
H 

F O 

'H NMR (400 MHz, CDC13) 5: 3.09 (br s, 4H), 3.85 (s, 4H), 4.19 (s, 2H), 6.94 (d, 

2H), 7.06-7.21 (m, 6H), 7.40-7.44 (m, IH), 7.62-7.68 (m, 2H), 8.08 (d, IH), 8.38 (d, 

IH), 8.40 (d, IH), 9.18 (d, IH); HPLC Purity: 98.92%; LCMS: 505 (M*+l ). 

N-(4-(4-(2-ethyIbenzyl)piperaziiie-l-carbonyl)pheiiyl)quinolme-8-suifonarmde 

(VIII-31): 

]H NMR (400 MHz, CDC13) 5: 1.22 (t, 3H), 2.41 (br s, 4H), 2.68 (q, 2H), 3.64 (br s, 

4H), 7.06 (d, 2H), 7.20 (d, 2H), 7.22-7.26 (m, 2H), 7.40 (d, 2H), 7.61-7.68 (m, 2H), 

8.01 (d, IH), 8.32 (d, IH), 8.41 (d, IH), 9.18 (d, IH); HPLC Purity: 99.22%; LCMS: 

515 (M++l). 

N-(4-(4-(4-(trifluoromethyI)benzyI)piperazine-l-carboiiyI)phenyl)quinoline-8-

sulfonamide (V1II-32): 

TH NMR (400 MHz, CDCI3) 8: 3.18 (br s, 4H), 3.83 (br s, 4H), 4.25 (s, 2H), 7.06 (d, 

2H), 7.22 (d, 2H), 7.56 (d, 2H), 7.60-7.78 (m, 4H), 8.07 (d, IH), 8.36 (d, IH), 8.40 (d, 

IH), 9.18 (s, IH); HPLC Purity: 96.72%; LCMS: 555 (M*+l ). 
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N-(4-(4-(pyridin-4-ylniethyI)piperazine-l-carbonyI)phenyl)quinoIine-8-

sulfonamide (VIII-33): 

H 
if vNxVS 

N^s-' k J O' 0 I J 
ii o 

NMR. (400 MHz, CDC13) 8: 2.40 (br s, 4H), 3.33 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 7.06 (d, 2H), 7.18 (d, 2H), 7.26 (d, 3H), 7.58-7.63 (m, 2H), 8.01 (d, IH), 8.28 

(d, IH), 8.38 (d, IH), 8.79 (br s, 2H), 9.18 (s, IH); HPLC Purity: 97.4%; LCMS: 

488.3 (A/* +] ). 

N-(4-(4-(pyHdin-3-ylmethyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-34): 

]H NMR (400 MHz, CDC13) 5: 2.40 (br s, 4H), 3.33 (br s, 2H)f 3.41 (s, 2H), 3.64 (br 

s, 2H), 7.06 (d, 2H), 7.18 (d, 2H), 7.26 (d, 3H), 7.58-7.63 (m, 2H), 8.01 (d, 1H), 8.28 

(d, IH), 8.38 (d, IH), 8.51-8.59 (m, 2H), 9.18 (s, IH); HPLC Purity: 98.50%; LCMS: 

488.0 (ht + l). 

N-(4-(4-(2-methoxybenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-35): 
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*H NMR (400 MHz, CDC13) 8: 2.42 (br d, 4H), 3.38 (br s, 2H), 3.58 (s, 2H), 3.70 (br 

s, 2H), 3.80 (s, 3H), 6.83-6.93 (m, 2H), 7.06 (d, 2H), 7.18 (d, 2H), 7.20-7.26 (m, 2H), 

7.58-7,63 (m, 2H), 8.01 (d, 1H), 8.28 (d, IH), 8.38 (d, IH), 8.51-8.59 (m, 2H), 9.18 

(s, IH); HPLC Purity: 98.9%; LCMS: 517.1 (M+ + 1 ). 

N-(4-(4-((2-chloropyridin-3-yI)methyl)piperazine-l-carbonyI)phenyl)quinoline-8-
sulfonamide (VIII-36): 

'H NMR (400 MHz, CDCI3) 8: 2.44 (br s, 4H), 3.41 (br s, 2H), 3.60 (s, 2H), 3.74 (br 

s, 2H), 7.06 (d, 2H), 7.20 (d, 2H), 7.22-7.28 (m, 2H), 7.59-7.66 (m, 2H), 7.81 (d, 1H), 

8.01 (d, IH), 8.35 (d, 2H), 8.39 (d, IH), 8.59 (s, IH), 9.18 (s, IH); HPLC Purity: 

98.6%; LCMS: 522 (M+). 

N-(4-(4-((6-chloropyridin-3-yI)melhyl)piperazine-l-carbonyl)phenyl)quinoIine-8-
sulfonamide (VIII-37): 

[H NMR (400 MHz, CDC13) 8: 2.44 (br s, 4H), 3.41 (br s, 2H), 3.54 (s, 2H), 3.74 (br 

s, 2H), 7.06 (d, 2H), 7.20 (d, 2H), 7.22-7.28 (m, 2H), 7.59-7.66 (m, 3H), 8.01 (d, IH), 

8.35 (d, 2H)S 8.39 (d, IH), 8.59 (s, IH), 9.18 (s, IH); HPLC Purity: 99.22%; LCMS: 

522 (M+). 

N-(4-(4-(2-chlorobenzyI)piperazine-l-carbonyl)phenyi)quinoline-8-sulfonamide 
(V1II-38): 
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!H NMR (400 MHz, CDCh) 6: 2.44 (br d, 4H), 3.41 (br s, 2H), 3.63 (s, 2H), 3.74 (br 

s, 2H)f 7.06 (d, 2H), 7.08-7.24 (m, 4H), 7.32 (d, IH), 7.39 (d, 1H), 7.59-7.7.65 (m, 

2H), 8.01 (d, IH), 8.35 (d, 1H), 8.39 (d, IH), 8.58 (s, 1H), 9.18 (s, IH); HPLC Purity: 

94.42%; LCMS: 521 (M+ ). 

N-(4-(4-(2-acetylbenzyl)piperazine-l-carbonyl)pheiiyl)quinoline-8-sulfonamide 

(VII1-39): 

v 1 H 1 1 (A ^ if" VNVYS U k jsJ o"° N^J 
il 
0 

!H NMR (400 MHz, CDC13) 5; 2.38 (br d,'4H), 2.58 (s, 3H), 3.31 (br s, 2H), 3.60 (s, 

2H), 3.64 (br s, 2H), 7.03 (d, 2H), 7.15 (d, 2H), 7.30-7.41 (m, 3H), 7.43 (d, IH), 7.59-

7.64 (m, 2H), 8.01 (d, IH), 8.30 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); 

HPLC Purity: 96.32%; LCMS: 529 (At+l ). 

N-(4-(4-(3-cyanobenzyl)piperazine-l-carbonyl)plieny!)quinoline-8-sulfonamide 

(VIII-40): 

H 
CN 

^ if vN^V\ I k 

-z e ^
0

 

II 
0 

]H NMR (400 MHz, CDCI3) 5: 2.43 (br d, 4H), 3.38 (br s, 2H), 3.68 (s, 4H)f 7.08 (d, 

2H), 7.18 (d, 2H), 7.40 (t, IH), 7.45-7.70 (m, 5H), 8.01 (d, IH), 8.28 (d, IH), 8.38 (d, 

IH), §.56 (s, IH), 9.18 (s, IH); HPLC: 98.2%; LCMS: 512 (M++l). 
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N-(4-(4-(4-chlorobenzyl)piperaziiie-l-carbonyl)phenyl)quinoline-8-sulfonamide 
(VIII-41): 

lH NMR (400 MHz, CDC13) 8: 2.39 (br d, 4H), 3.39 (br s, 2H), 3.50 (s, 2H), 3.64 (br 

sf 2H), 7.06 (d, 2H), 7.17 (d, 2H), 7.40 (d, 2H), 7.44 (d, IH), 7.56-7.63 (m, 4H), 8.01 

(d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 96.9%; 
LCMS: 521 (At+1 ). 

N-(4-(4-(2-cyanobenzyl)p[perazine-X-carbonyl)phenyl)quinoIine-8-suifonamide 
(VIII-42): 

'H NMR (400 MHz, CDC13) 8: 2.39 (br s, 4H), 3.38 (br s, 2H), 3.50(s, 2H), 3.68 (br s, 

2H), 7.03 (d, 2H), 7,18 (d, 2H), 7.40 (t, IH), 7.51-7.64 (m, 4H), 8.01 (d, IH), 8.28 (d, 

IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 97.70%; ESMS: 512 

(M++l). 

N-(4-(4-(4-acetylbenzyl)piperazine-l-carbonyi)phenyl)quinolme-8-sulfonamide 
(VI1I-43): 

O 

o 
0 
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XH NMR (400 MHz, CDC13) 5: 2,38 (br d, 4H), 2.58 (s, 3H), 3.34 (br s, 2H), 3.58 (s, 

2H), 3.68 (br s, 2H), 7.03 (d, 2H), 7.15 (d, 2H), 7.40 (d, 2H), 7.43 (d, IH), 7.59-7.64 

(m, 2H), 7.91 (d, 2H), 8.01 (d, IH), 8.30 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, 

IH); HPLC Purity: 92.23%; ESMS: 529 (M++7 ). 

N-(4-(4-(4-cyanobenzyI)piperazine-l-carbonyI)phenyl)quinoIine-8-sulfonamide 

(VI1I-44): 

!H NMR (400 MHz, CDCI3) 8: 2.39 (br s, 4H), 3.38 (br s, 2H), 3.52 (s, 2H), 3.68 (br 

s, 2H), 7.03 (d, 2H), 7.18 (d, 2H), 7.40 (d, IH), 7.59-7.64 (m, 4H), 8.01 (d, IH), 8.28 

(d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 98.71%; LCMS: 512 

(M++l ). 

N-(4-(4-(4-fluorobenzyI)piperazine-1-carbonyl)pheny!)quinolme-8-sulfonamide 

(VIII-45): 

H 

X rx 
0 

*H NMR (400 MHz, CDC13) 8: 2.38 (br d, 4H), 3.35 (br s, 2H), 3.46 (s, 2H), 3.64 (br 

s, 2H), 6.94 (t, 2H), 7.06 (t, 2H), 7.18 (d, 2H), 7.24-7.28 (m, 2H), 7.56-7.63 (m, 2H), 

8.01 (d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 

94.7%; LCMS: 505 (M++7 ). 

N-(4-(4-(4-bromobenzyi)piperazine-l-carbonyI)phenyl)quinolme-8-suIfonamide 

(VIII-46): 
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!H NMR (400 MHz, CDCb) 5: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H)t 3.64 (br 

s, 2H), 7.06 (d, 2H), 7.18 (t, 3H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.01 (d, IH), 8.28 

(d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity; 99.7%; LCMS: 567 
(M++2 ). 

N-(4-(4-(3-chlorobenzyi)piperazine-l-carbonyl)pheny!)quinoUne-8-sulfonamide 
(VIII-47): 

3H NMR (400 MHz, CDCI3) 5: 2.39 (br d, 4H), 3.39 (br s, 2H), 3.48 (s, 2H), 3.64 (br 

s, 2H), 7.06 (d, 2H), 7.17 (d, 2H), 7.40 (d, 2H), 7.44 (d, IH), 7.58-7.63 (m, 2H), 8.01 

(d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); HPLC Purity: 98.98%; 

ESMS: 521 (M* +1). 

N-(4-(4-(2,4-dichloro-5-hydroxybenzyl)piperazine-l-carbonyl)phenyl)quinoIine-

8-sulfonamide (VIII-49): 

lH NMR (400 MHz, DMSO-df?) 8: 2.39 (br s, 4H), 3.48 (br s, 4H), 3.70 (s, 2H), 6.98 

(s, IH), 7.01 (s, IH), 7.10- 7.20 (m, 4H), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8.43 (d, 
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IH), 8.55 (d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 95.42%; LCMS: 571 (At 
)• 

N-(4-(4-(2>fluoro-6-hydroxybenzyl)piperazine-l-carbonyi)phenyl)quinoline-8-

sulfonamide (VIH-50): 

'H NMR (400 MHz, DMSO-d6) 8: 2.39 (s, 4H), 3.42 (br s, 4H), 3.63 (s, 3H), 6.56-

6.62 ( m, 2H), 7.10-7.19 (m, 4H), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8.43 (d, IH), 8.55 

(d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 99.89%; LCMS: 521 (M++l). 

N-(4-(4-(2-(methyithio)benzyi)piperazine-l-carbony!)phenyI)qumolme-8-

suifonamide (VIII-51): 

!H NMR (400 MHz, DMSO-d6) 8: 2.35 (br s, 4H), 2.39 (s, 3H), 3.43 (s, 4H), 3.61 (s, 

2H), 7.10-7.19 (m, 4H), 7.26 (s, 3H), 7.30 (q, IH), 7.70-7.79 (m, 2H), 8.28 (d, IH), 

8.43 (d, IH), 8.55 (d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 91.14%; LCMS: 

533 (M++l ). 

N-(4-(4-(2-fIuoro-6-methoxybenzyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-52): 
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dccvofr 
o 

*H NMR (400 MHz, DMSO-d6) 8: 2.32 (br s5 4H), 3.55 (s, 3H), 3.62 (br s, 4H), 3.80 

(s, 2H), 6.78 (t, IH), 6.84 (d, IH), 7.13 (s, 4H), 7.30 (q, 1H), 7.70-7.79 (m, 2H), 8.28 

(d, IH), 8.43 (d, IH), 8.55 (d, IH), 9.18 (s, 1H), 10.41 (s, IH); HPLC Purity: 98.18%; 

LCMS: 535 (MV/). 

N-(4-(4-(2-(tert-butylthio)benzyl)piperazine-l-carbonyI)phenyi)quinoiine-8-
sulfonamide (VIII-53): 

'H NMR (400 MHz, DMSO-d6) 8: 1.24 (s, 9H), 2.37 (br s, 4H), 3.30 (br s, 4H), 3.78 

(s, 2H), 7.08-7.18 (m, 4H), 7.25 (t, IH), 7.41 (t; IH), 7.50-7.59 (m, 2H), 7.70-7.79 (m, 

2H), 8.29 (d, IH), 8.43 (d, IH), 8.48 (d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC 

Purity: 97.92%; LCMS: 575 (.M++l ). 

N-(4-(4-(3-chloro-4-fluorobenzyI)piperazine-l-carbonyl)phenyl)quinoUne-8-

sulfonamide (VIII-54): 

O 

CI 

F 
O 

]H NMR (400 MHz, DMSO-d6) 5: 2.29 (br s, 4H), 3.43 (s, 4H), 3.62 (s, 2H), 7.06-

7.18 (m, 4H), 7.25-7.39 (m, 2H), 7.46 (d, IH), 7.70-7.79 (ra, 2H), 8.29 (d, IH), 8.43 
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(d, 1H), 8.48 (d, 1H), 9.18 (s, 1H), 10.41 (s, 1.H); HPLC Purity: 96.47%; LCMS: 539 

Qt). 

N-(4-(4-(2,6-dimethoxybenzyl)piperazine-l-carbonyl)phenyI)qumoline-8-

suifonamide (VIII-55): 

*H NMR (400 MHz, DMSO-d6) 5: 2.32 (br s5 4H), 3.50 (br s, 4H), 3.76 (s, 6H), 3.81 

(s, 2H), 6.60 (d, 2H), 7.10 (s, 3H), 7.22 (t, IH), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8,43 

(d, IH), 8.54 (d, IH), 9,18 (s, IH), 10.41 (br s, IH); HPLC purity: 94.09%; LCMS: 

547 (AT+7). 

N-(4-(4-(3,5-difluorobenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-56): 

3H NMR (400 MHz, DMSO-d6) 5: 2.30 (br s, 4H), 3.45 (s, 3H), 7.01 (d, 2H), 7.10-

7.21 (m, 4H), 7.70-7.79 (m, 2H), 8.29 (d, 1H), 8.43 (d, IH), 8.48 (d, IH), 9.18 (s, IH), 

10.41 (s, IH); HPLC Purity: 96.47%; LCMS: 523 (MM ). 

N-(4-(4-(3-fiuorobenzyi)piperazine-l-carbonyl)phenyl)quinoline-8-sulfonamide 

(VIII-57): 
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F 

O 

TH NMR (400 MHz, DMSO-d6) 5: 2.36 (br s, 4H), 3.41 (br s, 2H), 3.59 (s, 2H), 7.10-

7.21 (m, 6H), 7.37-7.40 (m, IH), 7.70-7.79 (m, 2H), 8.31 (d, IH), 8.43 (d, IH), 8.48 

(d, IH), 9.18 (s, 1H), 10.41 (s, IH); HPLC Purity: 94.31%; LCMS: 505 (M++l). 

N-(4-(4-(3-fluoro-4-(trifhiorometliyl)benzyl)piperazme-l-

carbonyI)phenyI)quinoline-8-sulfonaimde (VITI-58): 

]H NMR (400 MHz, DMSO-dtf) 5: 2.36 (br s, 4H), 3.42 (br s, 4H), 3.59 (s, 3H), 7.10-

7.21 (m, 4H), 7.39(d, 1H), 7.42 (d, IH), 7.70-7.79 (m, 2H), 8.32 (d, IH), 8.43 (ci, IH), 

8.48 (d, 1H), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 96.69%; LCMS: 595 (Af>23 )• 
methyl 4-((4-(4-(quinoline-8-sulfonamido)benzoyl)piperazin-l-

yl)methyl)benzoate (VIII-59): 

lH NMR (400 MHz, DMSO-d(5) 5: 2.36 (br s, 4H), 3.43 (br s, 4H), 3.59 (s, 2H), 3.83 

(s, 3H), 7.10-7.21 (m, 4H), 7.46(d, 2H), 7.70-7.79 (m, 2H), 7.95 (d, 2H), 8.32 (d, IH), 

8.43 (d, IH), 8.48 (d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 97.92%; LCMS: 

545 (At+1) 
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N-(4-(4-(2,5-dimethylbenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-60): 

!H NMR (400 MHz, DMSO-d6) 5: 2.38 (s, 6H), 2.41 (br s, 4H), 3.41 (br s, 4H), 6.97-

7.02 (m, 2H), 7.10-7.21 (m, 3H), 7.31(s, IH), 7.70-7.79 (m, 2H), 8.29 (d, IH), 8.43 

(d, IH), 8.56 (d, IH), 9.18 (s, IH), 10.41 (br s, IH); HPLC Purity: 99.73%; LCMS: 

515 (At+1 ). 

N-(4-(4-(2,4-dichlorobenzyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-61): 

]H NMR (400 MHz, DMSOdtf) 5 2.38 (br s, 4H), 3.41 (br s, 4H), 3.59 (s, 2H), 7.10 

(q, 4H), 7.39(d, IH), 7.43 (d, IH), 7.59 (s, IH), 7.70-7.79 (m, 2Ii), 8.29 (d, IH), 8.43 

(d, IH), 8.56 (d, IH), 9.18 (s, IH), 10.41 (br s, IH); HPLC Purity: 99.34%; LCMS: 

555 (M+ ). 

N-(4-(4-(4-methoxybenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-62): 
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*H NMR (400 MHz, DMSO-d(5) 5: 2.32 (br s, 4H), 3.52 (br s, 4H), 3.79 (s, 2H), 6.81 

(d, 2H), 7.10-7.21 (m, 5H), 7.31(s, IH), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8.43 (d, IH), 

8.56 (d, IH), 9.18 (s, IH), 10.41 (br s, IH); HPLC Purity: 96.49%; LCMS: 539 (M++ 

25). 

N-(4-(4-(5-chioro-2-hydroxybenzyI)piperazine-l-carbonyI)phenyl)quinoIine-8-

sulfonamide (VIII-63): 

]H NMR (400 MHz, DMSO-d6) 5: 2.38 (br s, 4H), 3.59 (s, 4H), 3.62 (s, 2H), 6.79 (d, 

2H), 7.06-7.21 (m, 6H), 7.70-7.81 (m, 2H), 8.31 (d, 1H), 8.28 (d, IH), 8.38 (d, IH), 

8.56 (s, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 97.02%; LCMS: 537 (At). 

N-(4-(4«(4-methyIbenzy[)piperazine-l-earbonyl)phenyl)quinolme-8-suLfonaimde 

(VIII-64): 

*H NMR (400 MHz, DMSO~d(J) 5: 2.30 (s, 4H), 3.42 (s, 4H), 3.46 (s, 2H), 7.06-7.20 

(m, 8H), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8.43 (d, IH), 8.56 (d, IH), 9.18 (s, IH), 

10.41 (br s, IH); HPLC Purity: 98.59%; LCMS: 501 (At+1). 

N-(4-(4-(3-chIoro-4-methoxybenzyI)piperazine-l-carbony!)phenyl)quinoIine-8-

sulfonamide (VIII-65): 

O 
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JH NMR (400 MHz, DMSO~df5) 8; 2.30 (br sf 4H), 3.45 (br s, 6H), 3.81 (s, 3H), 7.04-

7.21 (m, 6H), 7.31(s, 1H), 7.70-7.79 (m, 2H), 8.28 (d, IH), 8.43 (d, IH), 8.56 (d, IH), 

9.18 (s, IH), 10.41 (br s, IH); HPLC Purity: 99.70%; LCMS: 551 (M+ ). 

2-methoxy-4-((4-(4-(quinoline-8-sulfonamido)benzoyl)piperazin-l-

yl)methyl)phenyl acetate (V1II-66): 

!H NMR (400 MHz, DMSO-d6) 8: 2.22 (s, 3H), 2.38 (br s, 4H), 3.31 (br s, 2H), 3.51 

(s, 4H), 3.80 (s, 3H), 6.89 (d, IH), 7.04 (d, 2H), 7.10-7.23 (m, 4H), 7,71-7.79 (m, 2H), 

8.31 (d, IH), 8.45 (d, IH), 8.56 (d, IH), 9.18 (d, IH), 10.42 (s, IH); HPLC Purity: 

91.90%; LCMS: 575 (M++l ). 

N-(4-(4-(4-cyanobenzyl)piperazine-l-carbonyI)phenyl)quinoIine-8-sulfonamide 

(VII1-67): 

!H NMR (400 MHz, DMSO-d6) 8: 2.23 (br s, 4H), 3.41 (br s, 2H), 3.54 (s, 2H), 7.06 

(q, 4H), 7.22 (s, 2H), 1.62-1.16 (m, 4H), 8.22 (d, IH), 8.38 (d, 1.H), 8.44 (d, IH), 9.08 

(s, IH), 10.40 (s, IH); HPLC Purity: 99.87%; MS: 512 (lvf+1 ). 
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N-(4-(4-(3,5-dichIorobeiizyl)piperazine-l-carbonyl)phenyl)quiiioliiie-8-

sulfonamide (VIII-68): 

lH NMR (400 MHz, DMSCM6) 5: 2.24 (br s, 4H), 3.41 (br s, 4H), 3.44 (s, 2H), 7.08 

(q, 3H), 7.30 (2H), 7.41 (s, 1.H), 7.60-7.66 (m, 2H), 8.21 (d, IH), 8.38 (d, 1H), 8.44 

(d, IH), 9.08 (s, IH), 10.38 (s, IH); HPLC Purity: 99.83%; LCMS: 555 (M+ ). 

N-(4-(4-(2,5-dimetlioxybenzyl)piperazine-l-carbonyl)phenyl)qumolme-8-

sulfonamide (VII1-69): 

]H NMR (400 MHz, DMSO-d6) 8: 2.23 (br s, 4H), 3.40 (s, 4H), 3.61 (d, 6H), 3.72 (s, 

2H), 6.82 (d, 3H), 7.02-7.10 (m, 4H), 7.60-7.68 (m, 2H), 8.22 (d, IH), 8.38 (d, 1H), 

8.44 (d, IH), 9.08 (s, 1.H), 10.40 (s, IH); HPLC Purity: 98.63%; LCMS: 547 (M++7 ). 

N-(4-(4-(2-hydroxy-6-niethoxybenzyl)piperazine-l-carbonyI)phenyl)quinoIine-8-

sulfonamide (VI11-70): 
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lB NMR (400 MHz, DMSO-66) 8: 2.36 (br s, 4H), 3.54 (s, 4H), 3.61 (s, 2H), 3,64 (s, 

3H), 6.36 (d, IH), 7.00-7.10 (m, 5H), 7.60-7.68 (m, 2H), 8.20 (d, IH), 8.38 (d, 1H), 

8.44 (d, IH), 9.08 (s, IH), 10.40 (s, IH); HPLC Purity: 98.03%; LCMS: 533 (At+1). 

N-(4-(4-(5-chIoro-2-hydroxy-4-methyIbenzyl)piperazine-1-

carbonyI)pheny!)quinoline-8-sulfonamide (VIII-71): 

SH NMR (400 MHz, DMSO-d<5) 8: 2.18 (s, 3H), 2.30 (br s, 4H), 3.41 (s, 4H), 3.46 (s, 

2H), 6.68 (s, IH), 7.10-7.19 (m, 4H), 7.65-7.78 (m, 2H), 8.24 (d, IH), 8.41 (d, IH), 

8.51 (d, IH), 9.12 (s, IH), 10.40 (s, IH); HPLC Purity: 96.25%; LCMS: 551 (M+ ). 

N-(4-(4-(4-(hex-l-ynyl)benzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-72): 

!H NMR (400 MHz, DMSO-d<5) 5: 0.93 (t, 3H), 1.38-1.41 (m, 4H), 2.22 (br s, 6H), 

2.38 (t, 2H), 2.80 (s, 3H), 3.44 (s, 2H), 6.22 (d, IH), 7.00-7.12 (m, 4H), 7.22 (dd, 2H), 

7.62-7.70 (m, 2H), 8.24 (d, IH), 8.38 (d, IH), 8.44 (d, IH), 9.08 (s, IH), 9.60 (br s, 

IH), 10.36 (s, IH); HPLCPpurity: 99.84%; LCMS: 567 (M++1). 

N-(4-(4-(2-etliylbenzyl)piperazine-l-carbonyl)phenyI)quinoline-8-sulfonamide 

(VIII-73): 
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!H NMR (400 MHz, DMSO-d<5) 8: 1.12 (t, 3H), 2.23 (br s, 4H), 2.62 (q, 2H), 3.40 (s, 

2H), 3.43 (br s, 4H), 7.04-7.20 (m, 5H), 7.65-7.70 (m, 2H), 8.25 (d, IH), 8.41 (d, IH), 

8.50 (d, IH), 9.10 (s, IH), 10.40 (s, IH); HPLC Purity: 98.83%; LCMS: 515 (At+1). 

N-(4-(4-(4-(dimethylamino)benzyI)piperaziiie-l-carbonyI)phenyl)qiiiiioIine-8-

sulfonamide (VIII-74): 

H 1 

. i, J r 1 L o-
N ^ 

' O 

]H NMR (400 MHz, DMSO-dt)) 8: 2.21 (br s, 4H), 2.81 (s, 6H), 3.43 (br s, 6H), 6.61 

(d, 2H), 7.01-7.11 (m, 6H), 7.48 (d, 2H), 7.63-7.70 (m, 2H), 8.22 (d, IH), 8.38 (d, 

IH), 8.45 (d, 1H), 9.08 (s, IH), 10.40 (br s, IH); HPLC Purity: 96.86%; LCMS: 552 

{At+23 ). 

N-(4-(4-(2-hydroxy-3-methoxybenzyl)piperazine-l-carbonyI)phenyl)quinoline-8-

sulfonamide (VII1-75): 

]H NMR (400 MHz, DMSO-d<5) 8: 2.30 (br s, 4H), 3.41 (br s, 4H), 3.54 (s, 2H), 3.75 

(s, 3H), 6.66 (s, 2H), 6.80 (d, IH), 7.20 (q, 4H), 7.48 (d, 2H), 7.62-7.70 (m, 2H), 8.24 

(d, IH), 8.38 (d, IH), 8.48 (d, IH), 9.10 (s, IH), 10.40 (s, IH); HPLC Purity: 99.76%; 

LCMS: 555 (At+23). 
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N-(4«(4«(3,4-dichIorobenzyI)piperazme-l-carbonyl)phenyi)quinolme-8-

sulfonamide (VIII-76): 

lH NMR (400 MHz, DMSO-66) 5: 2.24 (br s, 4H), 3.41 (s, 4H), 3.45 (s, 2H), 7.05 (q, 

4H), 7.24 (d, IH), 7.52-7.58 (m, 2H), 7.66-7.74 (m, 4H), 8.24 (d, 1H), 8.38 (d, IH), 

8.48 (d, IH), 9.10 (s, IH), 10.40 (br s, IH); HPLC Purity: 97.35%; LCMS: 555 (M+ ). 

N-(4-(4-(3-(2-hydroxyethoxy)benzyl)piperazine-l-carbonyI)phenyl)quinoHne-8-

sulfonamide (VIII-77): 

*H NMR (400 MHz, DMSO-d(5) 5: 2.23 (br s, 4H), 3.40 (s, 4H), 3.69 (q, 2H), 3.98 (t, 

2H), 4.78 (s, 2H), 6.79-7.01 (m, 3H), 7.12 (q, 4H), 7.18 (t, 1H), 7.62-7.70 (m, 2H), 

8.26 (d, IH), 8.38 (d, IH), 8.46 (s, IH), 9.10 (s, IH), 10.38 (s, IH); HPLC Purity: 

97.11%; LCMS: 547 (M++l ). 

N-(4-(4-(4-(trifluoromethyI)beiizyI)piperazine-l-carbonyl)phenyl)quinoIme-8-
sulfonamide (VIII-78): 
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lH NMR (400 MHz, DMSO-d6) 8: 2.24 (br s, 4H), 3.46 (br s, 4H), 3.55 (s, 2H), 7.08 

(q, 4H), 7.48 (d, 2H), 7.60-7.70 (m, 4H), 8.24 (d, 1H), 8.38 (d, IH), 8.48 (d, 1.H), 9.10 

(s, IH), 10.40 (s, IH); HPLC Purity: 99.28%; LCMS: 555 ). 

N-(4-(4-(2,4,5-triniethylbenzyI)piperazine-l-carbonyl)pLienyl)quinoIine-8-

suifonamide (VIII-79): 

'H NM.R (400 MHz, DMSO-d6) 8: 2.12 (s, 6H), 2.20 (s, 3H), 2.23 (br s, 4H), 3.41 (br 

s, 4H), 3.46 (s, 2H), 6.88 (d, 2H), 7.08 (q, 4H), 7.62-7.70 (m, 2H), 8.28 (d, IH), 8.40 

(d, IH), 8.48 (d, 1H), 9.10 (s, IH), 10.40 (s, IH); HPLC Purity: 99.58%; LCMS: 529 

{M++l). 

N-(4-(4-(4-(pentyIoxy)benzyl)piperazine-l-carbonyI)piienyl)quinoIine-8-
sulfonamide (VHI-80): 

!H NMR (400 MHz, DMSO-dtf) 8: 0.85 (t, 3H), 1.25-1.39 (m, 4H), 1.65 (pentet, 2H), 

2.22 (br s, 4H), 3.38 (s, 4H), 3.41 (s, 2H), 3.90 (t, 2H)f 6.80 (d, 2H), 7.08-7.1,4 (m, 

6H), 7.68-7.75 (m, 2H), 8.28 (d, IH), 8.40 (d, IH), 8.50 (s, IH), 9.10 (s, IH), 10.40 (s, 

IH); HPLC Purity: 99.80%; LCMS: 573 (M++l). 

N-(4-(4-(2-methyIbenzyl)piperazine-l-carbonyl)phenyl)quinoliiie-8-suIfonamide 
(VIII-81): 
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5H NMR (400 MHz, DMSO-d<5) 8: 2.24 (s, 3H), 2.36 (br s, 4H), 3.38 (s, 4H), 3.40 (s, 

2H), 7.05-7.20 (m, 6H), 7.65-7.74 (m, 2H), 8.26 (d, IH), 8.39 (d, 1H), 8.46 (s, IH), 

9.10 (s, IH), 10.40 (s, IH); HPLC Purity: 98.75%; LCMS: 501 (M++l ). 

N-(4-(4-(4-chlorobenzyi)piperazine-l-carbonyl)phenyl)quinoiine-8-suifonamide 

(VIII-82): 

!H NMR (400 MHz, CDCI3) 5: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 6.94 (d, 2H), 7.06 (t, 4H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.01 (d, IH), 8.28 

(m, 2H), 9.18 (s, IH); HPLC purity: 97.61%; LCMS: 522.0 (At ). 

N-(4-(4-(3-propoxybenzyi)piperazine-l-carbonyi)phenyl)quiiioUne-8-siilfonamide 

(VIII-83): 

'H NMR (400 MHz, DMSO-d6) 8: 0.97 (t, 3H), 1.70 (q, 2H), 2.32 (s, 4H), 3.41 (br s, 

4H), 3.90 (t, 2H), 4.22 (br s, 2H), 6.99 (d, 2H), 7.17 (dd, 4H), 7.36 (t, IH), 7.68-7.74 

Ci 
O 
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(m, 2H), 8.28 (d, IH), 8.39 (d, IH), 8.50 (d, IH), 9.1.6 (s, IH), 10.50 (s, IH); HPLC 

Purity: 99.57%; LCMS: 545 (M++/ ). 

N-(4-(4-(2-propoxybenzyl)piperaziiie-l-carbonyl)phenyl)quinolme-8-sulfonaniide 
(VIII-84): 

lH NMR (400 MHz, DMSO-d<5) 5: 0.97 (t, 3H), 1.70 (q, 2H), 2.36 (br s, 4H), 3.42 (br 

s, 4H), 3.90 (t, 2H), 4.22 (br s, 2H), 6.99 (d, 2H), 7.17 (dd, 4H), 7.40 (br s, IH), 7^68-

7.74 (m, 2H), 8.28 (d, IH), 8.39 (d, 1H), 8.50 (d, IH), 9.16 (s, IH), 10.50 (s, IH); 

HPLC Purity: 99.12%; LCMS: 545 (M++7 ). 

N-(4-(4-(2-isopropoxybenzyl)piperazine-l-carbonyI)phenyi)quiiioHne-8-

sulfonamide (VIII-85): 

*H NMR (400 MHz, DMSO-d<5) 6: 1.37 (d, 6H), 3.12 (br s, 3H), 4.25 (br s, 2H), 

4.71-4.75 (in, IH), 7.01 (t, 2H), 7.17 (d, 2H), 7.22 (d, 2H), 7.42 (br s, 2H), 7.70-7.79 

(m, 2H), 8.30 (d, IH), 8.42 (d, IH), 8.51 (d, IH), 9.14 (s, IH), 9.50 (br s, IH), 10.55 

(s, IH); HPLC Purity: 99.17%; LCMS: 545 (M++l ). 

N-(4-(4-(3-isopropoxybeiizyI)piperazine-l-carbonyl)pIienyI)quinoline-8-

sulfonamide (VIII-86): 
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*H NMR (400 MHz, DMSO-d6) 5: 1.29 (d, 6H), 2.36 (br s, 4H), 3.02 (br s, 4H), 4.25 

(s, 2H), 4.62 (sextet, IH), 6.99-7.09 (m, 3H), 7.20 (dd, 4H), 7.39 (t, IH), 7.70-7.79 

(m, 2H), 8.30 (d, IH), 8.42 (d, IH), 8.51 (d, IH), 9.14 (s, 1H), 9.79 (br s, IH), 1.0.57 

(s, IH); HPLC Purity: 99.11%; LCMS: 545 (M++l ). 

N-(4-(4-(3-butoxybenzyI)piperazme-l-carbonyl)phenyl)quinoline-8-sulfonamide 
(VIII-87): 

pr v H jf^l 
VVSf8 J ° 0 

1 

r^° 
ii 
0 

]H NMR (400 MHz, DMSO-di5) 8: 0.90 (t, 3H), 1.21 (sextet, 2H), 1.64 (pentet, 2H), 

2.31 (br s, 4H), 3.36 (br s, 4H), 3.92 (t, 2H), 4.23 (s, 2H), 6.93-7.01 (m, 2H), 7.17 (q, 

4H), 7.31 (s, 2H), 7.63-7.74 (m, 2H), 8.28 (d, IH), 8.40 (d, IH), 8.51 (d, IH), 9.10 (s, 

IH), 9.50 (br s, IH), 10.55 (s, IH); HPLC Purity: 99.06%; LCMS: 559 (M++l ). 

N-(4-(4-(2-isopropylbenzyi)piperazine-l-carbonyI)pSienyi)quinoline-8-

sulfonamide (VIII-88): 
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!H NMR (400 MHz, DMSO-d<5) 5: 1.17 (d, 6H), 3.1.0 (br s, 4H), 3.21 (br s, 4H), 4.35 

(s, 2H), 4.62 (sextate, IH), 7.1,8 (dd, 4H), 7.17 (d, 2H), 7.21 (br s, IH), 7.20 (s, 2H), 

7.68-7,74 (m, 2H), 8.28 (d, IH), 8.40 (d, 1H), 8.51 (d, IH), 9.14 (s, IH), 9.50 (br s, 

IH), 10.55 (s, IH); HPLC Purity: 99.16%; LCMS: 529 (M+-f J ). 

N-(4-(4-(4-isobutoxybenzyl)piperazine-l-carbonyl)phenyI)quinoIine-8-

sulfonamide (VIII-89): 

SH NMR (400 MHz, DMSO-dtf) 5: 0.96 (d, 6H), 2.00 (septet, IH), 2.99 (br s, 2H), 

3.18 (br s, 2H), 3.22 (br s, 2H), 3.70 (d, 2H), 4.20 (s, 2H), 6.99 (d, 2H), 7.18 (dd, 4H), 

7.35 (d, 2H), 7.65-7.73 (m, 2H), 8.28 (d, IH), 8.40 (d, IH), 8.51 (d, IH), 9.10 (s, IH), 
9.50 (br s, IH), 10.55 (s, IH); HPLC Purity: 99.06%; LCMS: 559 (At+J ). 

N-(4-(4-(2-phenyIpropyl)piperazine-l-carbonyI)pheiiyl)quinoIine-8-suIfonamide 

(VIII-90): 

]H NMR (400 MHz, DMSO-d6) 5: 1.21 (d, 3H), 2.99 (br s, 3H), 3.21 (br s, 2H), 7.17 

(d, 4H), 7.21-7.35 (m, 4H), 7.63-7.74 (m, 2H), 8.28 (d, IH), 8.40 (d, IH), 8.51 (d, 

1H), 9.10 (s, IH), 9.24 (br s, IH), 10.55 (s, IH); HPLC Purity: 99.88%; LCMS: 515 

(AT+7 ). 

N-(4-(4-(4-methoxy-3-methylbenzyl)piperazine-l-carbonyi)phenyI)quinoSine-8-

sulfonamide (VIII-91): 
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]H NMR (400 MHz, DMSO~d6) 5: 2.19 (s, 3H), 3.02 (br s, 2H), 3.20 (br s, 2H), 3.30 

(br s, 4H), 3.80 (s, 3H), 4.21 (s, 2H), 7.01 (d, IH), 7.16-7.29 (m, 4H), 7.70-7.79 (m, 

2H), 8.28 (d, IH), 8.44 (d, IH), 8.57 (d, IH), 9.14 (s, IH), 9.78 (br s, IH), 10.55 (s, 

IH); HPLC Purity: 99,86%; LCMS: 531 (M++1). 

N-(4-(4-(4-isopropyIbenzyI)piperazine-l-carbonyI)pheny!)quinolme-8-

sulfonamide (V1II-92): 

]H NMR (400 MHz, DMSO-d6) 8: 1.20 (d, 6H), 2.31 (br s, 4H), 2.95 (pentet, IH), 

3.42 (br s, 4H), 4.22 (br s, 2H), 7.20 (dd, 4H), 7.39 (q, 4H), 7.70-7.78 (m, 2H), 8.28 

(d, IH), 8.46 (d, IH), 8.53 (d, IH), 9.14 (s, IH), 9.60 (br s, IH), 10.58 (s, IH); HPLC 

Purity: 97.92%; LCMS: 529 (M*+J ). 

N-(4-(4-(2,6-difliiorobenzyl)piperazine-l-carbonyl)phenyl)qiiinoIine-8-

sulfonamidecompound (VIII-93): 
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lH NMR (400 MHz, DMSO-d6) 8: 2.31 (br s, 4H), 3.44 (br s, 4H), 3.61 (s, 2H), 7.02-

7.26 (m, 5H), 7.56 (br s, IH), 7.70-7.78 (m, 2H), 8.28 (d, IH), 8.43 (d, IH), 8.50 (d, 

IH), 9.14 (s, IH), 10.42 (s, IH); HPLC Purity: 99.64%; LCMS: 523 (M++I ). 

N-(4-(4-(4-butylbenzyI)piperazine-l-carbonyi)pheny0quinoIine-8-sulfonamide 

(VIII-94): 

!H NMR (400 MHz, DMSO-d<5) 8: 0.85 (t, 3H), 1.25 (sextet, 2H), 1.32 (pentet, 2H), 

2.59 (t, 2H), 3.01 (br s, 4H), 3.12 (br s, 2H), 3.22 (br s, 2H), 4.21 (s, (2H), 7.11 (d, 

2H), 7.21 (d, 2H), 7.25 (d, 2H), 7,30 (d, 2H), 7.63-7.71 (m, 2H), 8.28 (d, IH), 8.40 (d, 

IH), 8.51 (d, IH), 9.10 (s, IH), 9.78 (br s, IH), 10.50 (s, IH); HPLC Purity: 99.98%; 

LCMS: 543 (Af+1 ). 

N-(4-(4-(2,6-dimethyIbenzyI)piperazine-l-carbonyl)plienyI)quinoline-8-

sulfonamide (V1II-95): 

5H NMR (400 MHz, DMSO-d6) 8: 2.25 (s, 6H), 2.41 (br s, 4H), 3.02 (br s, 2H), 3.20 

(br s, 2H), 4.21 (br s, 2H), 7.05 (d, 3H), 7.17 (d, 2H), 7.24 (d, 2H), 7.70-7.79 (m, 2H), 

8.28 (d, IH), 8.44 (d, IH), 8.57 (d, IH), 9.14 (s, IH), 9.78 (br s, 1H), 10.55 (s, IH); 

HPLC Purity: 98.76%; LCMS: 515 {M++J ). 

N-(4-(4-(3,5-dimethoxybenzyl)piperazine-l-carbonyl)phenyl)quinoiine-8-

sulfonamide (VIII-96): 
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LH NMR (400 MHzs DMSO-d<5) 8: 2.32 (br s, 4H), 3.44 (br s, 4H), 3.72 (d, 6H), 4.19 

(s, 2H), 6.59 (d, 1H), 7.18 (dd, 4H), 7.69-7.75 (m, 2H), 8.28 (d, IH), 8.42 (d, IH), 

8.50 (d, IH), 9.14 (s, IH), 9.78 (br s, IH), 10.51 (s, IH); HPLC Purity: 93.00%; 

LCMS: 547 (M++l ). 

N-(4-(4-(4-chloro-2-fIuorobenzyl)piperazine-l-carbonyI)phenyI)quinoIine~8-

sulfonamide (VIII-97): 

lB NMR (400 MHz, DMSO~d<5) 8: 2.38 (br s, 4H), 3.46 (br s, 4H), 3.77 (s, 3H), 4.40 

(s, 2H), 7.22 (q, 4H), 7.34-7.44 (m, 2H), 7.55 (t, IH), 7.63-7.70 (m, 2H), 8.20 (d, IH), 

8.42 (d, 2H), 9.14 (s, IH); HPLC Purity: 98.85%; LCMS: 539 (At). 

N-(4-(4-(4-ethoxybenzyl)piperazine-l-carbonyl)phenyi)quinoline-8-suIfonamide 

(VIII-98): 

>H NMR (400 MHz, DMSO-d6) 8: 1.23 (t, 2H), 4.00 (q, 2H), 4,20 (s, 2H), 6.97 (d, 

2H), 7.17 (dd, 4H), 7.36 (d, IH), 7.69-7.75 (m, 2H), 8.28 (d, IH), 8.41 (d, IH), 8.51 

(d, IH), 9.10 (s, IH), 9.50 (br s, IH), 10.50 (s, IH); HPLC Purity: 96.83%; LCMS: 

531 (M++7 ). 
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N-(4-(4-(4-chlorobenzyt)piperazme-l-carbonyi)phenyl)quinoline~8-siiffonamide 

(VIII-99): 

'H NMR (400 MHz, CD3OD) 8: 2.34 (br s, 4H), 3.23 (br s, 2H), 3.62 (br s, 2H), 4.30 

(s, 2H), 7.16-7.20 (m, 4H), 7.37-7.57 (m, 4H), 7.79-7.84 (m, 2H), 8.15 (d, IH), 8.40 

(d, IH), 9.10 (s, IH), 9.50 (br s, IH); HPLC Purity: 99.75%; LCMS: 521 (M* ). 

N-(4-(4-(2,3-dichIorobenzyI)piperazine-l-carb<)nyl)pheiiyI)quinoIine-8-

sulfonamide (VlII-100): 

JH NMR (400 MHz, CD3OD) 5: 2.32 (br s, 4H), 3.62 (br s, 4H), 3.81 (s, 2H), 7.21 (q, 

4H), 7.42 (t, 2H), 7.58 (d, 2H), 7,61-7.72 (m, 2H), 8.18 (d, IH), 8.41 (d, IH), 9.18 (s, 

IH); HPLC Purity: 99.15%; LCMS: 555 (M++J ), 

N-(4-(4-(2-hydroxy-5-methyIbenzyI)piperazme-l-carbonyI)phenyI)quinoHne-8-

sulfonamide (VOI-lOl): 
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lH NMR (400 MHz, CD3OD~d6) 8: 2.08 (s, 3H), 2.22 (s, 4H), 3.32 (s, 4H), 3.72 (s, 

2H), 4.21 (s, IH), 6.80 (d, 1H), 7.10 (s, 2H), 7.18-7.25 (m, 3H), 7.61-7.68 (m, 2H), 

8.18 (d, IH), 8.40 (d, 2H), 9.14 (s, IH); HPLC Purity: 98.02%; LCMS: 517 (M++J ) 

N-(4-(4-(5-fluoro-2-hydroxybenzy!)piperazine-l-carbonyl)phenyl)quinoHne-8-

sulfonamide (VIII-102): 

'H NMR (400 MHz, DMSOd6) 8 : 2.30 (br s, 4H), 3.31 (br s, 4H), 3.72 (s, 2H), 6.90-

6.95 (m, 3H), 7.04-7.18 (m, 2H), 7.20-7.25 (m, 3H), 7.60-7.65 (m, 2H), 8.41 (d, 2H), 

9.10 (s, IH); HPLC Purity: 98.95%; LCMS: 521 (M++1 ). 

N-(4-(4-(2,4-difluorobenzyl)piperazine-l-carbonyI)phenyl)quinoline-8-

sulfonamide (103): 

*H NMR (400 MHz, DMSOd6) 8: 2.36 (br s, 4H), 3.3 (br s, 4H), 3.7 (s, 2H), 7.05-7.22 

(m, 5H), 7.55 (d, 2H), 7.60-7.65 (m, 2H), 8.18 (d, IH), 8.40 (d, 2H), 9.10 (s, IH); 

HPLC Purity: 99.24%; LCMS: 523.1 (M++7 ). 

N-(4»(4-(3,5-dichSoro-2-hydroxybenzyl)piperazine-l-carbony!)pheny0quinoIine-

8-sulfonamide (VIII-104): 
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CI 
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*H NMR (400 MHz, DMSOd6) 8: 2.37 (br s, 4H), 3.32 (br s, 4H), 3.71 (s, 2H), 4.2 (s, 

IH), 7.19-7.23 (m, 4H), 7.39 (s, IH), 7.56 (s, IH), 7.62-7.68 (m, 2H), 8.18 (d, 2H), 

8.40 (d, 3H), 9.13 (s, IH); HPLC Purity: 99.95%; LCMS: 572.3 (M++ J ). 

N-(4-(4-(2,3-dihydroxybenzyI)piperazme-l-carbonyl)phenyl)quinoiine-8-

sulfonamide (VIII-105): 

jH NMR (400 MHz, DMSOd^) 8: 2.30 (br s, 4H), 3.32 (br s, 4H), 3.76 (s, 2H), 4.2 (br 

s, 2H), 7.19-7.23 (m, 4H), 7.39 (s, IH), 7.56 (s, IH), 7.62-7.68 (m, 3H), 8.18 (d, 2H), 

8.40 (d, IH), 9.13 (s, IH); HPLC Purity: 91.9%; LCMS: 519.1 (M++7 ). 

N-(4-(4-(3-hydroxy-4-methoxybenzyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-106): 

5H NMR (400 MHz, DMSOd6) 8: 3.19 (br s, 4H), 3.3-3.6 (m, 4H), 3.7 (s, 2H), 3.81 

(s, 3H), 6.85 (d, 2H), 6.97 (d, IH), 7.18-7.24 (m, 5H), 7.60-7.66 (m, 2H), 8.18 (d, 

IH), 8.41 (d, IH), 9.13 (s, IH); HPLC Purity; 97.5%; LCMS: 533.1 (M++l ). 
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N-(4-{4-(2-(difIuoromethoxy)benzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-107): 

lH NMR (400 MHz, DMSOd6) 6: 2.7 (s, 1H), 3.19 (br s, 4H), 3.3-3.6 (m, 4H), 3.7 (s, 

2H), 6.97-7.0 (m, 4H), 7.18-7.24 (m, 5H), 7.60-7.66 (m, 2H), 8.18 (d, IH), 8.41 (d, 

IH), 9.13 (s, IH); HPLC Purity: 99.4%; LCMS: 553.1 (MUl ). 

N-(4-(4-(2-ethoxybenzyl)piperazine-l-carbonyl)phenyI)qu8noSine-8-sulfonamide 

(VIII-108): 

]H NMR (400 MHz, DMSOd6) 8: 1.89 (t, 3H), 3.19 (br s, 4H), 3.3-3.6 (m, 4H), 3.7 (s, 

2H), 3.91 (q, 2H), 6.97-7.0 (m, 4H), 7.18-7.24 (m, 5H), 7.60-7.66 (m, 2H), 8.18 (d, 

1H), 8.41 (d, IH), 9.13 (s, IH); HPLC Purity: 96.2%; LCMS: 553.1 (MUl). 

N-(4-(4-(4-hydroxy-3,5-dimethylbenzyl)piperaziiie-l-carbonyI)pheny!)qumoUne-

8-sulfonamide (VIII-109): 

>H NMR (400 MHz, DMSOd6) 8: 2.2 (s, 6H), 3.19 (br s, 4H), 3.3-3.6 (m, 4H), 3.7 (s, 

2H), 6.97-7.0 (m, 4H), 7.18-7.24 (m, 3H), 7.60-7.66 (m, 2H), 8.18 (d, 1H), 8.41 (d, 

IH), 9.13 (s, IH); HPLC Purity: 98.4%; LCMS: 531.1 (MUl). 

234 



WO 2011/002817 PCT/US2010/040486 

N-(4-(4-(3-ethoxy-4-hydroxybenzyI)piperazine-l-carbonyi)phenyl)quinoline-8-

sulfonamide (VIII-110); 

!H NMR (400 MHz, CDC13) 5: 1.41 (t, 3H), 2.42 (br s, 4H), 3.25-3.95 (m, 4H), 3.42 

(q, 2H), 3.60 (br s, 2H), 4.21 (s, IH), 6.75 (s, 2H)f 6.90 (s, IH), 7.19 (s, 4H), 7.62-

7.67 (m, 2H), 8.18 (d, IH), 8.40 (d, 2H), 9.18 (s, IH); HPLC Purity: 99-29%; LCMS: 

546.1 (M++7 ). 

N-(4-(4-(4-(tert-butyI)benzyr)piperazine-l-carbonyl)phenyi)quinoline-8-

sulfonamide (VIII-111): 

!H NMR (400 MHz, CD3OD) 8: 1.30 (s, 9H), 2.56 (br s, 4H), 3.30 (br s, 4H), 3.68 (s, 

2H)S 7.20 (dd, 4H), 7.45 (dd, 4H), 7.70-7.80 (m, 2H), 8.45 (d, 2H), 8.55 (d, IH), 9.18 

(s, IH), 10.54 (s, IH); HPLC Purity: 98.47%; LCMS: 543.0 (M++J ). 

N-(4-(4-(5-f!uoro-2-(trifIuoromethyl)benzyl)piperazine-l-

earbony[)phenyI)quinoHne-8-suIfonamide (VIII-112): 
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JH NMR (400 MHz, CDC13) 5: 2.45 (br s, 4H), 3.2-3.6 (m, 4H), 3.70 (s, 2H), 7.20 (s, 

4H), 7.59-7.74 (m, 4H), 8.18 (d, 2H), 8.40 (m, 2H), 9.16 (s, IH); HPLC Purity: 

99.35%; LCMS: 573.1 (MM ). 

N-(4-(4-(4-chloro-2-fIuoro-5-methoxybenzyI)piperazine-l-
carbonyl)phenyl)quinoHne-8-sulfonaniide (VIII-113): 

*H NMR (400 MHz, CD3OD) 6: 2.91 (br s, 4H), 3.77 (br s, 4H), 3.92 (s, 2H), 4.01 (s, 

3H), 7.20-7.25 (m, 4H), 7.40 (d, IH), 7.62-7.68 (m, 3H), 8.18 (d, IH), 8.41 (d, 2H), 

9.13 (s, IH); HPLC Purity: 99.42%; LCMS: 569 (M+ +1 ). 

N-(4-((4-(4-(quinoline-8-suIfonamido)benzoyl)piperazin-l-

yl)methyl)phenyl)acetamide (VIII-114): 

lH NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 3.01 (br s, 4H), 3.20 (br s, 2H), 3.30 

(br s, 2H), 4.24 (s, 2H), 7.20 (dd, 4H), 7.40 (d, 2H), 7.65 (d, 2H), 7.70-7.80 (m, 2H), 

8.30 (d, IH), 8.45 (d, IH), 8.52 (d5 IH), 9.18 (s, IH), 10.60 (s, IH); HPLC Purity: 

95.84%; LCMS: 544.1 (M++7 ). 

N-(4-(4-(2-fluorobenzyl)piperazine-l-carbonyl)phenyl)quinoHne-8-sulfonamide 
(VIII-115): 
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NMR (400 MHz, CD3OD-d6) 5: 3.01 (br s, 4H), 3.20 (br s, 2H), 3.30 (br s, 2H), 

3.82 (s, 2H), 7.02-7.20 (m, 5H), 7.24-7.41 (m, 2H), 7.61-7.67 (m, 2H), 8.18 (d, IH), 

8.41 (t, 2H), 9.12 (s, IH); HPLC Purity: 99.03%; LCMS: 505 (At+J ). 

N-(4-(4-(2,3-difluorobenzyl)piperazine-l-carbonyI)phenyl)quiiiolme-8-

sulfonamide (VIII-116): 

JH NMR (400 MHz, CD3OD-dtf) 5: 3.01 (br s, 4H), 3.20 (br s, 2H), 3.30 (br s, 2H), 

4.24 (s, 2H), 7.16-7.34 (m, 6H), 7.39-7.47 (m, 2H), 7.61-7.67 (m, 2H), 8.18 (d, IH), 

8.41 (d, IH), 9.12 (s, IH); HPLC Purity: 97.11%; LCMS: 523.2 (Af+1 ). 

N-(4-(4-(2-hydroxy-4,<>-dimethoxybenzyl)piperazine-l-

carbonyI)phenyI)quinoIine-8-suIfonamide (V1II-117): 

lH NMR (400 MHz, CDCh) 5: 3.15 (br s, 2H), 3.2-3.6 (br s, 6H), 3.39 (br s, 2H), 

3.78 (s, 3H), 3.81 (s, 3H)S 6.17 (d, 2H), 7.22 (q, 4H), 7.62-7.68 (m, 2H), 8.18 (d, IH), 

8.41 (d, IH), 9.17 (s, IH); HPLC Purity: 97.92%; LCMS: 563 (M+ ). 

N-(4*(4-(3,5-dichIoro-4-hydroxybenzyl)piperazine-l-carbonyl)phenyl)quinoIine= 

8-sulfonamide (VIII-118): 
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HC 

CI 

£L £L 
!H NMR (400 MHz, DMSO-dS) 6: 3.04 (br s, 2H), 3.30 (br s, 4H), 4.12 (s, 4H), 4.2 

(s, IH), 7.21 (dd, 4H), 7.27 (s, IH), 7.50 (s, 2H), 7.69-7.78 (m, 2H), 8.30 (d, 1H), 8.50 

(d, 2H), 10.59 (s, IH),; HPLC Purity: 93.26%; LCMS: 571.3 (ht). 

N-(4-(4-(2,6-dimethylbenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-119): 

3H NMR (400 MHz, DM.SO-df5) 5: 2.44 (s, 6H), 3.34 (s, 6H), 3.39 (br s, 2H), 4.45 (s, 

2H), 7.19-7.30 (m, 6H), 7.63-7.70 (m, 3H), 8.20 (d, IH), 8.42 (d, 2H), 9.18 (s, IH); 

HPLC Purity: 98.10%; LCMS: 515 (MUl ). 

N-(4-(4-(3,4-diniethoxybenzyl)piperaziiie-l~carbonyI)phenyI)quinoline-8-

sutfonaimde (VIII-120): 

lH NMR (400 MHz, CD3OD) 5: 3.4-3.6 (br s, 2H), 3.85 (d, 6H), 4.1 (s, 6H), 4.29 (s, 

2H), 7.02 (d, 3H), 7.21-7.27 (m, 4H), 7.63-7.72 (m, 2H), 8.20 (d, IH), 8.42 (d, IH), 

9.14 (s, IH); HPLC Purity: 99.44%; LCMS: 547 (M++1 ). 

N-(4-(4-(3-methoxybenzyI)piperazine-l-carbonyI)phenyI)quinoIine-8-

sulfonamide (VIII-121): 
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pro 
O. o 

lH NMR (400 MHz, CD3OD) 5: 2.81 (br s, 4H), 3.20 (br s, 4H), 3.78 (s, 3H), 4.25 (s, 

2H), 7.01 (t, 2H), 7.20 (t, 3H), 7.39 (t, 1H), 7.61-7.67 (m, 2H), 8.18 (d,. IH), 8.41 (d, 

2H), 9.14 (s, IH); HPLC Purity; 97.82%; LCMS; 517 (M++l ). 

N-(4-(4-(4-propoxybenzyI)piperazine-l-carbonyl)phenyl)qtiinoline-8-siilfonamide 
(VIII-122): 

!H NMR (400 MHz, CD3OD) 6: 1.01 (t, 3H), 1.78 (sextet, 2H), 3.2-3.85 (br s, 4H), 

3.9-4.0 (br s, 4H), 3.92 (t, 2H), 4.22 (s, 2H), 6.97 (d, 2H), 7.21 (q, 4H), 7.38 (d, 2H), 

7.61-7.67 (m, 2H), 8.18 (d, IH), 8.40 (d, 2H), 9.10 (s, IH); HPLC Purity; 98.67%; 

LCMS: 545 (MVl ). 

N-(4-(4-phenetIiyIpiperazine-l-carbonyi)pIienyl)quinoHne-8-sulfonamide (VIII-

123): 

*H NMR (400 MHz, DMSO~d(5) 5: 2.01 (t, 2H), 2.20 (t, 2H), 2,8 (br s, 2H), 3.2-3.89 

(m, 6H), 7.04-7.32 (m, 4H), 7.59-7.63 (m, 6H), 8.01 (d, IH), 8.25 (dd, 2H), 8.41 (d, 

IH), 9.18 (s, IH); HPLC Purity: 99.43%; LCMS: 501 (M++i ). 

O 
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N-(4-(4-(2,3,4-trimethoxybenzyl)piperazine-l-carbonyl)phenyl)quinoline-8 

sulfonamide (VIII-124): 

SH NMR (400 MHz, DMSO-dtf) 5: 3.01 (br s, 2H), 3.32-3.71 (m, 6H), 3.78 (s, 3H), 

3.84 (s, 3H), 3.86 (s, 3H), 4.22 (br s, 2H), 6.89 (d, IH), 7.18 (d, 3H), 7.25 (d, 2H), 

7.72-7.80 (m, 2H)t 8.30 (d, 1H), 8.45 (d, IH), 8.55 (d, IH), 9.18 (d, 1H), 10.59 (s, 

IH); HPLC Purity; 99.84%; LCMS: 577 (M++l ). 

N-(4-(4-(4-hydroxy-3,5-dimethoxybenzyl)piperazine-l-

carbonyl)phenyl)quinoline-8-sulfonamide (VIII-125): 

>H NMR (400 MHz, DMSO-d6) 5: 3.01 (br s, 2H), 3.21 (br s, 2H), 3.3-3.7 (m, 6H), 

3.79 (s, 6H), 6.75 (s, 2H), 7.20 (dd, 4H), 7.70-7.80 (m, 2H). 8.31 (d, IH), 8.46 (d, 

2H), 8.55 (d, IH), 10.59 (s, IH); HPLC Purity: 99.21%; LCMS: 563 (At+1 ). 

N-(4-(4-(2-hydroxy-3i4-dimethoxy-6-methylbenzyl)piperazine-l-

carbonyI)phenyI)quinoline-8-suIfonamide (VIII-126): 

JH NMR (400 MHz, DMSO-df5) 5: 2.11 (s, 3H), 3.18 (br s, 4H), 3.30 (br s, 4H), 3.66 

(s, 3H), 3.75 (s, 3H), 4.18 (s, 2H), 6.48 (s, 1H), 7.20 (dd, 4H), 7.70-7.80 (m, 2H), 8.31 

(d, 1H), 8.44 (d, 2H), 8.52 (d, IH), 8.78 (br s, 1H), 9.10 (br s, IH), 9.1.9 (s, IH), 9.60 

(br s, IH), 10.53 (s, IH); HPLC Purity: 97.01%; LCMS: 577 (At+1). 
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N-(4-(4-(4-butoxybenzyl)piperazine-l-carbonyI)phenyI)quinoline-8-siilfonamide 
(VIII-127): 

J ° 0 a "X 
0 

J ° 0 

]H NMR (400 MHz, DMSO-d6) 8: 0.92 (t, 3H), 1.41 (sextet, 2H), 1.68 (pentate, 2H), 

3.00 (br s, 2H), 3.15 (br s, 2H), 3.25 (br s, 4H), 3.92 (t, 2H), 4.22 (s, 2H), 6.97 (d, 

2H), 7.20 (dd, 4H), 7.38 (d, 2H), 7.70-7.79 (m, 2H), 8.44 (d, IH), 8.50 (d, IH), 9.12 

(s, IH), 9.64 (br s, IH), 10.50 (s, 114); HPLC Purity: 98.86%; LCMS; 559 (M++J ). 

N-(4-(4-(3-hydroxybenzyl)piperazine-l.-carbonyl)phenyl)quinolii)e-8-sulfonamide 
(VIH-128): 

JH NMR (400 MHz, DMSO~d6) 5: 2.81 (br s, 2H), 3.00 (br s, 6H), 4.20 (br s, 2H), 

6.80 (s, 2H), 7.20 (dd, 4H), 7.70-7.80 (m, 2H), 8.31 (d, IH), 8.46 (d, 2H), 8.55 (d, 

IH), 9.17 (s, IH), 9.70 (br s, IH), 10.56 (s, IH); HPLC Purity: 99.28%; LCMS: 503 

(At+2 ). 

4-((4-(4-(quinoli»e-8-sulfonaniido)benzoyi)piperazin-l-yl)methyl)phenyl 

butyrate (VIII-129): 

H [T^i 
o rj^Y VSAA ^A0JJ J ° °T1 ^A0JJ 

0 

lH NMR (400 MHz, DMSO-d6) 8: 0.99 (t, 3H), 1.61 (sextet, 2H), 2.56 (t, 2H), 3.03 

(brs, 4H), 3.61 (br s, 4H), 4.24 (br s, 2H), 7.10-7.20 (m, 5H), 7.45 (d, 2H), 7.65-7.72 
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(m, 2H), 8.23 (d, IH), 8.41 (d, 2H), 8.51 (d, 1H), 9.10 (s, IH), 9.78 (br s, IH), 10.50 

(s, IH); HPLC Purity: 99.17%; LCMS: 573 (AT+/). 

4-((4-(4-(quinoIine-8-suIfonamido)benzoyl)piperazin-l-yI)methyI)phenyl acetate 

(VIII-130): 

iH NMR (400 MHz, DMSO-df5) 8 2.24 (s, 3H), 2.38 (br s, 4H), 3.42 (br s, 4H), 3,78 

(sf 2H), 7.10 (d, 2H), 7.20 (d, 2H), 7.44 (d, 2H), 7.63-7.71 (m, 2H), 8.25 (d, IH), 8.41 

(d, 2H), 8.45 (d, IH), 9.10 (s, IH), 9.70 (br s, IH), 10.50 (s, IH); HPLC Purity: 

95.24%; LCMS: 545 (MUl ). 

N-(4-(4-(3,4,5-trimethoxybenzyl)piperazine-l-carboiiyl)plienyI)quinoiine-8-

sulfonamide (VIII-131): 

!H NMR (400 MHz, DMSO-d6) 5: 3.75 (s, 3H), 3.81 (s, 6H), 4.22 (s, 2H), 6.78 (s, 

2H), 7.21 (q, 4H), 7.63-7.68 (m, 2H), 8.16 (d, IH), 8.40 (d, 2H), 9.10 (s, IH); HPLC 

Purity: 98.81%; LCMS: 577 (M++J ). 

N-(4-(4-(3-isobi!toxybenzyl)piperazine-l~carbonyl)phenyI)qiimoline-8-

sulfonamide (VIII-i.32): 

O 
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!H NMR (400 MHz, DMSO-df5) 5: 1.00 (d, 6H), 2.02 (septet, 1H), 3.05 (br s, 4H), 

3.30 (br s, 4H), 3.80 (d, 2H), 3.91 (d, 2H), 7.00-7.08 (m, 2H), 7.20 (dd, 4H), 7.39 (t, 

IH), 7.71-7.80 (m, 2H), 8.30 (d, IH), 8.45 (d, IH), 8.58 (d, IH), 9.15 (s, IH), 9.90 (br 

s, IH), 10.58 (s, IH); HPLCPpurity: 99.17%; LCMS: 559 (At+1 ). 

N-(4-(4-(2,3-dimethoxybenzyI)piperazine-l-carbonyI)phenyI)quinoline-8-

sulfonamide (VIII-133): 

lH NMR (400 MHz, DMSO-d6) 5: 2.25 (br s, 4H), 3.41 (br s, 4H), 3.64 (s, 3H), 3.72 

(s, 2H), 3.78 (s, 3H), 6.80-7.05 (m, 6H), 7.21 (q, IH), 7.59-7.70 (m, 2H), 8.14 (d, IH), 

8.38-8.42 (m, 2H), 9.01 (s, IH); HPLC Purity: 98.50%; LCMS: 547 (At+1). 

N-(4-(4-(3-fluoro-4-melhoxybenzyS)piperazine-l-carbonyl)phenyl)quinoline-8-

suifonantide (VIII-134): 

*H NMR (400 MHz, DMSO-d6) 5: 2.81 (br s, 2H), 3.01 (br s, 2H), 3.25 (br s, 4H), 

3.82 (s, 2H), 3.90 (s, 3H), 7.17 (d, 2H), 7.21 (d, 3H), 7.35 (IH), 7.70-7.78 (m, 2H), 

8.30 (d, IH), 8.43 (d, 2H), 8.55 (d, IH), 9.12 (br s, IH), 10.58 (s, IH); HPLC Purity: 

95.38%; LCMS: 535 (A/++./ ). 

N-(4-(4-(3-fluoro-2-hydroxybenzyI)piperazine-l-carbonyI)pbeny0quinoIine-8-
sulfonamide (VIII-135): 
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QQO 
F O 

NMR (400 MHz, DMSO-d<5) 8: 2.38 (br s, 4H), 3.43 (br s, 4H), 3.62 (s, 2H), 4.38 

(s, IH), 6.90 (q, IH), 7.10-7.28 (m, 6H), 7.62 (d, 2H), 8.18 (d, IH), 8.40 (d, 2H), 9.10 

(s, IH); HPLC purity: 98.81%; LCMS: 521 (M++l). 

N-(4-(4-(2,4-dimethoxybenzyl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (VIII-136): 

*H NMR (400 MHz, DMSO-d6) 5: 2.52 (br s, 4H), 3.30 (br s, 4H), 3.70-3.98 (m, 8H), 

6.58-6.64 (m, 2H), 7.16 (d, 2H), 7.22 (d, 2H), 7.33 (d, IH), 7.70-7.79 (m, 2H), 8.28 

(d, IH), 8.44 (d, 2H), 8.55 (d, IH), 9.10 (s, IH), 9.50 (br s, IH), 10.51 (s, IH); HPLC 

Purity: 92.62%; LCMS: 547 (M++l ). 

N-(4-(4-(3,4-dimethylbenzyI)piperazine-l-carbonyI)phenyl)quinoHne-8-

suifonamide (VIII-137): 

'H NMR (400 MHz, DMSO-d6") 8: 2.20 (s, 3H), 2.25 (br s, 4H), 2.50 (s, 3H), 3.42 (br 

s, 4H), 3.81 (s, 2H), 6.96-7.20 (m, 7H), 7.68-7.76 (m, 2H), 8.26 (d, IH), 8.40 (d, 2H), 

8.54 (d, IH), 9.13 (s, IH), 10.40 (br s, IH); HPLC Purity: 96.74%; LCMS: 515 

(At+1 ). 
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N-(4-(4-(3-phenyIpropyl)piperazine-l-carbonyl)phenyl)quinoiine-8-suIfonamide 
(VIII-X38): 

'H NMR (400 MHz, DMSO-d(5) 5: 1.70 (t, 2H), 2.24 (br s, 4H), 2.48-2.60 (m, 4H), 

3.44 (br s, 4H), 7.18-7.24 (m, 8H), 7.70-7.79 (m, 2H), 8.30 (d, IH), 8.42 (d, IH), 8.58 

(d, IH), 9.16 (s, IH), 10.41 (s, IH); HPLC Purity: 93.22%; LCMS: 515 (MUl). 

3-((4-(4-(quinoline-8-sulfonamido)beiizoyI)piperazin-l-yl)methyl)phenyl acetate 
(VIII-139): 

lH NMR (400 MHz, DMSO-d<5) 5: 2.24 (s, 4H), 2.30 (br s, 2H), 3.40 (br s, 4H), 3.52 

(s, 2H), 7.01-7.21 (m, 6H), 7.38 (t, IH), 7.70-7.79 (m, 2H), 8.29 (d, IH), 8.42 (d, IH), 

8.58 (d, IH), 9.15 (s, IH), 10.41 (s, IH); HPLC Purity: 93.39%; LCMS: 545 (M++l). 

N-(4-(4-(l-phenyIethyl)piperazine-l-carbonyI)phenyl)quinoline-8-sulfonamide 
(VIII-140): 

NMR (400 MHz, DMSO-dd) 5 1.22 (d, 3H), 2.20 (br s, 2H), 2.24 (br s, 2H), 3.42 

(br s, 4H), 3.68 (s, 2H), 7.04 (s, 3H), 7.17-7.26 (m, 4H), 7.66-7.74 (m, 2H), 8.24 (d, 

IH), 8.39 (d, IH), 8.50 (d, IH), 9.16 (s, IH), 10.40 (s, IH); HPLC Purity: 99.27%; 

LCMS: 501 (At+1). 
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N-(4-(4-((l-phenyicycIopropyi)methyl)piperazine-l-carbonyi)phenyI)quino!me-8-

NMR (400 MHz, DMSO-d6) 8: 1.03 (d, 4H), 2.38 (br s, 2H), 2.61 (s, 2H), 3.50 (br 

s, 4H), 7.19 (s, 4H), 7.25 (t, 1.H), 7.36 (t, 2H), 7.42 (d, 2H), 7.60-7.65 (m, 2H), 8.18 

(d, IH), 8.40 (d, IH), 9.12 (s, IH); HPLC Purity: 94.05%; LCMS: 527 (M++l ). 

N-(4-(4-(2-hydroxy-3,4-dimethoxybenzyl)piperazme-l-

carbony!)phenyI)quinoline-8-suIfonamide (VII.I-142): 

]H NMR (400 MHz, DMSO-d6) 8: 2.38 (brs, 4H), 3.06 (br s, 4H), 3.65 (s, 2H), 3.70 

(s, 3H), 3.80 (s, 3H), 4.18 (s, IH), 6.59 (d, IH), 7.00 (d, IH), 7.18 (dd, 4H), 7.68-7.77 

(m, 2H), 8.26 (d, IH), 8.48 (d, 3H), 8.53 (d, IH), 9.18 (s, 1H), 9.42 (br s,!H), 9.61 (s, 

IH), 10.51 (s, IH); HPLC Purity: 93.10%; LCMS: 563 (M++7 ). 

N-(4-(4-(2-fluoro-4-methoxybenzyl)piperazine-l-carbonyl)phenyI)quinoIine-8-

sulfonamide (VIII-143): 

H fj 1 

. I 3 NL 1 I J o<0 
0 ^ ¥ x 

J o<0 
0 

!H NMR (400 MHz, DMSO-d<5) 8: 2.39 (br s, 4H), 3.20 (br s, 4H), 3.72 (s, 2H), 3.80 

(s, 3H), 6.79 (s, IH), 6.90-7.01 (m, 2H), 7.18-7.24 (m, 2H), 7.44 (br s, IH), 7.71-7.80 
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(m, 2H), 8.30 (d, IH), 8.49 (d, IH), 8.57 (d, IH), 9.18 (s, IH), 9.82 (br s, IH), 10.48 

(s, IH); HPLC Purity: 96.28%; LCMS: 435 (M++J ). 

N-(4-(4-(4-hydroxybenzyl)piperazme-l-carbonyl)phenyl)quinoline-8-suifonami(le 
(V1II-144): 

Hi NMR (400 MHz, DMSO-d6) 5: 2.42 (br s, 4H), 3.20 (br s, 4H), 3.71 (s, 2H), 6.77 

(d, IH), 6.84 (d, 2H), 7.18-7.24 (m, 5H), 7.61-7.67 (m, 2H), 8.17 (d, IH), 8.40 (d, 

2H), 9.10 (s, IH); HPLC Purity: 92.29%; LCMS: 503 (M++l). 

N-(4-(4-(2,5-dihydroxybenzyI)piperazme-l-carbonyI)phenyl)quinoHne-8-
sulfonamide (VIII-145): 

!H NMR (400 MHz, DMSO-df?) 5: 2.38 (br s, 4H), 3.38 (br s, 4H), 3.50 (s, 2H), 6.45-

6.59 (m, 3H), 7.04-7.18 (m, 4H), 7.65-7.77 (m, 2H), 8.24 (d, IH), 8.40 (d, IH), 8.50 

(d, IH), 8.61 (s, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 98.19%; LCMS: 519 

(At+J ). 

N-(4-(4-(pyridiii-3-ylmethyi.)piperazine-l-carbonyI)phenyl)quinoIine-8-

sulfonamide (VIII-146): 
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!H NMR (400 MHz, DMSO-d6) 8: 2.25 (br s, 4H), 3.30 (br s, 4H), 3.59 (s, 2H), 7.06-

7.18 (s, 3H), 7.35-7.40 (m, 1H), 7.65-7.77 (m, 2H), 8.26 (d, IH), 8.40-8.56 (m, 3H), 

9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 99.48%; LCMS: 488 (M++i ). 

N-(4-(4-(cyc!opropySmethyl)piperazme-l-carbonyI)phenyI)quino!ine-8-

sulfonamide (VIII-147): 

'H NMR (400 MHz, DMSG-d6) 8: 0.03 (s, 2H), 0.43 (s, 2H), 0.78-0.84 (m, 1H), 2.18 

(d, 2H), 2.39 (br s, 4H), 3.25 (br s, 2H), 3.46 (br s, 2H), 7.10-7.19 (m, 3H), 7.76-7.80 

(m, 2H), 8.26 (d, IH), 8.43 (d, IH), 8.58 (d, IH), 9.17 (s, IH), 10.41 (s, IH); HPLC 

Purity: 98.98%; LCMS: 451 (MM ). 

N-(4-(4-((3«nuoropyridin-2-yl)methyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-148): 

lH NMR (400 MHz, DMSO-d6) 8: 2.37 (br s, 4H), 3.21 (br s, 2H), 3.46 (br s, 4H), 

3.62 (s, 2H), 7.06-7.11 (m, 3H), 7.40(t, IH), 7.62-7.77 (m, 2H), 8.21 (d, IH), 8.25 

(dd, 2H), 8.50 (d, IH), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 98.83%; LCMS: 506 

(MM ). 

N-(4-(4-((4-(trifIuoromethyl)pyridin-3-yl)methyl)piperazine-l-

carbonyI)phenyI)quinoiine-8-suIfonamide (VIII-149): 
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FO^F F 

O 

*H NMR (400 MHz, DMSO~d<5) 8: 2.37 (br s, 4H), 3.31 (br s, 4H), 3.62 (s, 2H), 7.06-

7.17 (m, 3H), 7.62-7.77 (m, 2H), 8.21 (d, 1H), 8.38 (d, IH), 8.50 (d, IH), 8.72 (s, IH), 

8.90 (s, IH), 9.10 (s, IH), 10.40 (s, IH); HPLC Purity: 99.86%; LCMS: 556 (M++7 ). 

N-(4-(4-((3-(trifluoroniethyl)pyridin-2-yl)methyI)piperazine-l.-

carbonyI)pIiei)yl)quiiioIine-8-siiIfonamide (VIII-150): 

!H NMR (400 MHz, DMSO-d^) 8: 2.37 (br s, 4H), 3.21 (br s, 2H), 3.46 (br s, 2H), 

3.70 (s, 2H), 7.06-7.11 (m, 4H), 7.50 (t, IH), 7.68-7.77 (m, 2H), 8.15 (d, IH), 8.25 (d, 

IH), 8.40 (d, IH), 8.50 (d, IH), 8.76 (s, IH), 9.18 (s, 1H), 10.41 (s, IH); HPLC 

Purity: 98.67%; LCMS: 556 (M++7 ). 

N-(4-(4-((5-chIoropyridin-3-yi)methyl)piperazine-l-carbonyI)phenyi)quinoIine-8-

sulfonamide (VIII-X51): 

}H NMR (400 MHz, DMSOd6) 8: 2.31 (br s, 4H), 8 3.38 (br s, 4H), 3.72 (s, 2H), 

6.91-7.06 (m, 4H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.0-8.3 (m, 4H), 9.18 (s, IH); 

HPLC: 98.2%; LCMS: 523.2 (M++ 1). 

CI 

O 

249 



WO 2011/002817 PCT/US2010/040486 

N-(4-(4-((4-methoxypyridin-3-yI)methyl)piperazine-l-carbonyl)phenyl)quinoline-

8-sulfonamide (VIII-152): 

'H NMR (400 MHz, DMSOd6) 8: 2.38 (br s, 4H), 3.51 (br s, 4H), 3.61 (s, 2H), 7.21-

7.81 (m, 6H), 7.40 (m, 2H), 7.56-7.63 (m, 2H), 8.01 (m, IH), 8.56 (m, IH), 9.18 (s, 

IH); HPLC Purity: 98.2%; LCMS: 518.1 (M++i ). 

N-(4-(4-((3-fluoropyridin-4-yi)methyl)piperazine-l-carbonyl)phenyI)quinoIine-8-

sulfonamide (VIII-153): 

5H NMR (400 MHz, CDCI3) 8: 2.38 (s, 4H), 3.31 (br s, 4H), 3.64 (m, 2H), 7.0-7.6 (m, 

6H), 7.40 (m, 2H), 7.0 -7.6 (m, 2H), 8.56 (m, 2H), 9.18 (s, IH); HPLC Purity: 96.5% 

LCMS: 506.1 (M++ 1). 

N-(4-(4-((5-fluoropyridin-3-yl)methyI)piperazme-l-carbonyI)phenyl)quinoIine-8-

sulfonamide (VIIM54): 

]H NMR (400 MHz:, DMSOde) 8: 2.38 (s, 2H), 3.31 (m, 2H), 3.41 (m, 2H), 3.64 (m, 

2H), 7.0-7.6 (m, 6H), 7.40 (m, 2H), 7.0 -7.6 (d, 2H), 8.56 (d, 2H), 9.18 (m, IH), 10.3 

(111, IH); HPLC Purity: 98.5%; LCMS: 506.1 (M*+ 1). 
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N-(4-(4-((5-fluoropyridin-2-yI)methyI)piperazine-l-carbdnyl)phenyI)quinoline-8-
sulfonamide (VI11-155): 

lH NMR (400 MHz, DMSOd6) 5: 2.38 (s, 4H), 3.32 (br s, 2H), 3.52 (br s, 2H), 3.8 (s, 

2H), 7.0-7.6 (m, 6H), 7.40 (m, 2H), 7.0 -7.6 (d, 2H), 8.56 (d, 2H), 9.18 (m, IH); 

HPLC Purity: 99.3%; LCMS: 506.1 (M*+7 ). 

N-(4-(4-((3-methoxypyridin-2-yl)mcthyI)piperazine-l-carbonyl)phenyl)quinoline-

8-sulfonamide (VIII-156): 

*H NMR (400 MHz, DMSO~d6) 5: 2.38 (s, 4H), 3.41 (m, 4H), 3.8 (m, 2H), 3.91 (s, 

3H). 7.0-7.7 (m, 8H), 8.0-8.51 (in, 4H), 9.12 (m, 1H), 10.4 (s, IH); HPLC Purity: 

97.3%; LCMS: 518.3 (M++7). 

N-(4-(4-(4-nuorobenzyl)piperazine-1-carbonyl)phenyl)quinoHne-8-sulfonamide 

(VIII-157): 

*H NMR (400 MHz, DMSO-d6) 8: 2.41 (br s, 4H), 3.21 (m, 4H), 3.3-3.8 (m, 2H), 

7.05-7.71 (m, 8H), 8.22-8.62 (m, 5H), 9.12 (m5 IH), 10.4 (s,lH); HPLC Purity: 

99.3%; LCMS: 505.2 (M++ 1 ). 
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N-(4-(4-((2-methoxypyridin-3-yI)methyl)piperazine-l-carbonyI)phenyl)quinolihe-

8-sulfonamide (VIII-158): 

lH NMR (400 MHz, DMSOd6) 8: 2.41 (br s, 4H), 3.21 (s, 4H), 3,3-3.8 (br s, 2H), 

7.05-7.72 (m, 10H), 8.22-8.61 (m, 3H), 9.12 (m, IH), 10.41 (s, IH); HPLC Purity: 

98.6%; LCMS: 505.2(M++7 ). 

N-(4-(4-(cyclopropylmethyI)piperazine-l-carbonyl)phenyI)quinoIine-8-

sulfonamide (VIII-159): 

lH NMR (400 MHz, DMSO-d6) S: 0.04-0.45 (m, 2H), 0.61-0.66 (m, 2H), 1.4-1.6 (m, 

IH), 2.21-2.38 (m, 4H), 2.61 (d, 2H), 3.31-3.61 (br s, 4H), 6.94-7.06 (m, 4H), 7.40 (d, 

2H), 7.56-7.63 (m, 2H), 8.28 (d5 IH), 9.18 (s, IH), 10.4 (s, IH); HPLC Purity: 99.6%; 

LCMS: 451.3 (M+-f7 ). 

N-(4-(4-(cycSohexylmethy!)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-160): 

JH NMR (400 MHz, DMSO-d6) 5: 0.8 (m, 2H), 1.2 (m, 4H), 1.4 (s, IH), 1.7 (m, 4H), 

2.32 (m, 4H), 2.62 (br s, 2H), 3.42 (br s, 4H), 7.0-7.4 (m5 4H)S 7.5-7.7 (m, 2H), 8.3-

8.6 (m, 3 H), 9.1 (d, IH), 10.4 (s, IH); HPLC Purity: 99.3%; MS: 493.3(M++7 ). 
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N-(4-(4-(4-chloro-3-fhiorobenzyr)piperazirie-l-carbonyl)phenyI)qiiinoline-8-

sulfonamide (VIII-161): 

'H NMR (400 MHz, DMSO-d6) 8: 2.22-2.41 (m, 4H), 3.21-3.81 (m, 6H), 7.02-7.51 

(m, 7H), 7.61-7.72 (m, 2H), 8.31-8.62 (m, 3H), 9.12 (d, IH), 10.4 (s, IH); HPLC 

Purity: 96.8%; LCMS: 539.0 (M++ 1 ). 

N-(4-(4-(cyclopentylmethyl)piperazine-l-carbonyi)phenyi)qumoline-8-

sulfonamide (V1II-162): 

]H NMR (400 MHz, DMSO-d<5) 6: 1.10 (sextet, 2H), 1.40-1.53 (m, 4H), 1.60 (br s, 

2H), 1.99 (pentate, IH), 2.20 (d, 4H), 2.43 (br s, 2H), 3.32 (br s, 4H), 7.10 (t, 4H), 

7.62-7.69 (m, 5B), 8.25 (d, IH), 8.40 (d, IH), 8.47 (d, IH), 9.10 (d, IH), 10.28 (s, 

IH); HPLC Purity: 98.26%; LCMS: 479 (M++7 ). 

N-(4-(4-((tetrahydrofuran-3-yl)methyI)piperazine-l-carbonyl)pheiiyl)qiiinoHne-

8-suIfonamide (VIII-163): 

]H NMR (400 MHz, DMSO-dfj) 5 1.42 (sextet, IH), 1.6-1.8 (m, 2H), 2.20-2.40 (m, 

4H), 3.42-3.52 (m, 4H), 3.61-3.75 (ra, 4H), 3.80-4.05 (m, 2H), 7.04-7,14 (m5 4H), 

7.62-7.69 (m, 2H),.8.25 (d, IH), 8.40 (d, IH), 8.47 (d, IH), 9.10 (d, IH); HPLC 

Purity: 98.26%; LCMS: 479 (U++l). 
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N-(4-(4-((3-chloropyridin-4-yI)methyl)piperazine-l-carbonyI)phenyl)quiiioIine-8-

sulfonamide (VIII-164): 

lH NMR (400 MHz, DMSG-d6) 5 2.37 (br s, 4H), 3.42 (br s, 4H), 3.59 (s, 2H), 7.10 

(q, 4H), 7.50 (s, IH), 7.62-7.69 (m, 2H), 8.25 (d, IH), 8.42 (d, 1H), 8.46-8.52 (m, 

2H), 8.58 (s, IH), 9.10 (d, IH), 10.30 (s, IH); HPLC Purity: 96.59%.; LCMS: 522 

(M+). 

N-(4-(4-((tetrahydrofuran-3-yl)mefhyl)piperazine-l-carbonyl)phenyl)quinoiine-

8-sulfonamide (VIII-165): 

*H NMR (400 MHz, DMSO-d6) 8 1.62 (sextet, IH), 1 .72-1.92 (m, 2H), 2.20-2.40 (m, 

4H), 3.41-3.52 (m, 4H), 3.62-3.75 (m, 4H), 3.82-4.05 (m, 2H), 7.04-7.14 (m, 4H), 

7.62-7.69 (m, 2H), 8.25 (d, IH), 8.40 (d, IH), 8.47 (d, IH), 9.10 (d, IH), 10.4 (s, IH); 

HPLC Purity: 99.2%; LCMS: 479 (M++l). 

N-(4-(4-((5-(trifluoromethyl)pyridin-2-yl)methyl)piperazine-l-
carbonyl)phenyl)quinoline-8-sulfonamide (VIII-166): 

D. 

F 

0 
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]H NMR (400 MHz, DMSO-d(5) 5: 2.37 (br s, 4H), 3.5-3.7 (m, 4H), 3.7-4.0 (m, 2H), 

7.1-7.3 (in, 6H), 7.50-7.62 (m, 4H), 8.0-8.3 (m, 2H), 9.10 (d, IH), 10.30 (s, IH); 

HPLC Purity: 96.59%; LCMS: 522 {ht). 

N-(4-(4-benzyl-l,4-diazepane-l-carbonyl)pheiiyI)quinoIine-8-suIfonamide (VIII-
167): 

:H NMR (400 MHz, DMS0-df5) 6: 1.72 (dd, 2H), 2.41-2.72 (tn, 2H), 3.22-3.42 (m, 

4H), 3.5-3.7 (m, 4H), 7.0-7.4 (m, 5H), 7.5-7.8 (m, 4H), 8.0-8.6 (m, 3H), 9.1 (d, IH), 

10.4 (s, IH); HPLC Purity: 98.59%; LCMS: 501.2 (M++7 ). 

N-(4-(4-(2-methoxybenzyl)-l,4-diazepane-l-carbonyI)phenyl)quinoHne-8-
sulfonamide (VI1I-168): 

lH NMR (400 MHz, CDC13) 6: 2.06 (br s, 2H), 2.42 (br s, 4H), 3.62 (s, 4H), 3.72 (br 

s, 3H), 3.80 (d, 2H), 6.82-6.97 (m, 2H), 7.06 (t, 2H), 7.18 (t, 2H), 7.22-7.39 (m, 2H), 

7.58-7.63 (m, 2H), 8.01 (d, IH), 8.28 (d, IH), 8.38 (d, IH), 8.56 (m, 2H), 9.18 (d, 

IH); HPLC Purity: 98.10%; LCMS: 531 (ht+1 ). 

N-(4-(4-(4-propoxybenzyI)-l,4-diazepa»e-l-carbony!)phenyI)quinoline-8-
sulfonamide (VIII-169): 
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*H NMR (400 MHz, CD3OD) 8: 1.04 (t, 3H), 1.80 (q, 2H), 2.06 (br s, 2H), 3.55 (br s, 

4H), 3.99 (t, 4H), 4.35 (s, 2H), 7.00-7.10 (in, 2H), 7.19-7.28 (m, 3H), 7.66,7.70 (m, 

2H), 8.19 (d, IH), 8.42 (d, 2H), 9.18 (d, IH); HPLC Purity: 98.74%; LCMS: 559 

(MUJ ). 

N-(4-(4-(2-propoxybenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (VIJI-170): 

'H NMR (400 MHz, CD3OD) 8: 1.04 (t, 3H), 1.84 (br s, 2H), 2.16 (br s, 2H)5 3.58 (br 

s, 4H), 4.08 (br s, 2H), 4.25 (br d, 1.H), 4.40 (s, 2H), 7.04 (t, IH), 7.19 (d, IH), 7.20-

7.28 (m, 4H), 7.44 (ds IH), 7.53 (t, IH), 7.68-7.72 (m, 2H), 8.21 (d, IH), 8.42 (d, 2H), 

9.18 (d, IH); HPLC Purity: 97.74%; LCMS: 559 (M++l). 

N-(4-(4-(2-isopropoxybenzyI)-l,4-diazepane-l-carbonyl)phenyl)quinoHne-8-

sulfonamide (VIII-171): 

]H NMR (400 MHz, CD3OD) 8: 1.38 (s, 6H), 2.16 (br s, 2H), 3.55 (br s, 3H), 4.18 (br 

d, IH), 4.38 (s, 2H), 4.79 (s, IH), 7.04 (t, IH), 7.19 (d, IH), 7.21-7.34 (m, 4H), 7.40-
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7.52 (m, 2H), 7.53 (t, 1H), 7.67-7.72 (m, 2H), 8.21 (d, IH), 8.44 (d, 2H), 9.18 (s, IH); 

LCMS: 559 (M4+l ); HPLC Purity: 98.99%. 

N-(4-(4-(3-isopropoxybenzyl)-l,4-diazepane-l-carbonyI)phenyl)quinoIine-8-
sulfonamide (VIII-172): 

*H NMR (400 MHz, CD3OD) 8: 1.38 (d, 6H), 1.4 (m, IH), 2.08 (br s, 2H), 3.18 (br s, 

2H), 3.56 (br s, 4H), 4.38 (s, 2H), 4.68 (m, 2H), 6.99-7.10 (m, 2H), 7.20-7.30 (m, 

5H), 7.40 (t, IH), 7.65-7.70 (m, 2H), 8.20 (d, IH), 8.43 (d, 2H), 9.18 (d, LH); HPLC 

Purity: 99.68%; LCMS: 559 (M++J ). 

N-(4-(4-(3-butoxybenzyl)-l,4-diazepane-l-carboiiyl)phenyl)qumoline-8-

sulfonamide (VIII-173): 

lH NMR (400 MHz, CD3OD) 6: 1.01 (t, 3H), 1.50 (sextet, 2H), 1.79 (pentate, 2H), 

2.06 (br s, 2H), 3.58 (br s, 4H), 3.6-3.9 (m, 4H), 4.03 (t, 2H), 4.38 (s, 2H), 7.00-7.08 

(m, 3H), 7.19-7.26 (m, 4H), 7.41 (t, IH), 7.63-7.69 (m, 2H), 8.19 (d, IH), 8.42 (d, 

2H), 9.18 (d, IH); HPLC Purity: 99.75%; LCMS: 573 (M++i ). 

N-(4-(4-(2-hydroxy-3,4-dimethoxybenzyI)-1,4-diazepane-l« 

carbonyl)phenyI)quii]oIine-8-sulfonainide (VIII-174): 
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*H NMR (400 MHz, CD3OD) 6: 2.18 (br s, 2H), 3.18 (br s, 2H), 3.56 (br s, 4H), 3.80 

(s, 3H), 3.84 (s, 3H), 4.18 (br s, 2H), 4.30 (s, 2H), 6.61 (d, 2H), 7.03 (d, 2H), 7.19-

7.27 (m, 2H), 7.61-7.66 (m, 2H), 8.19 (d, IH), 8.42 (d, 2H), 9.18 (d, IH); HPLC 

Purity: 97.61%; LCMS: 577 (M+-f-7 ). 

N-(4-(4-(2-isopropyIbenzyl)-l,4-diazepane-l-carbonyI)phenyl)quiiioUne-8-

sulfonamide (VIII-175): 

!H NMR (400 MHz, CD3OD) 5: 1.22 (d, 6H), 2.05 (br s, IH), 3.56 (br s, 8H), 4.50 (s, 

4H), 7.20-7.39 (m, 5H), 7.40-7.56 (m, 3H), 7.64-7.69 (m, 2H), 8.20 (d, IH), 8.42 (d, 

2H), 9.18 (d, IH); HPLC Purity: 98.73%; LCMS: 543 (MUl ). 

N-(4-(4-(4-isobutoxybenzyl)-l,4-diazepane-1-carbonyl)phenyI)quinoiine-8-

sulfonamide (Vffl-176): 

]H NMR (400 MHz, CD3OD) 6: 1.04 (d, 6H), 2.02-2.17 (m, 3H), 3.15 (br d, 2H), 3.56 

(br d, 4H), 3.79 (d, 2H), 4.20 (br d, 2H), 4.35 (s, 2H), 7.02 (d, 2H), 7.24 (t, 3H), 
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7.41(d, 2H), 7.68-7.74 (m, 2H), 8.21 (d, 2H), 8.42 (d, 2H), 9.18 (d, IH); HPLC Purity: 

98.56%; LCMS: 573 (M++7 ). 

N-(4-(4-(2-hydroxy-3-methoxybenzyI)-l,4-diazepane-l-

carbonyI)phenyI)quinoline-8-sulfonamide (VIII-177): 

!H NMR (400 MHz, DMSO-dtf) 5: 1.61 (br s, IH), 1.77 (br s, IH), 2.60 (br s, 4H), 

2.70 (br s, 2H), 3.58 (br s, 2H)f 3.78 (s, 2Ii), 3.9 (s, 3H), 6.63 (d, 3H), 6.80 (br s, IH), 

7.12 (d, 2H), 7.77 (br s. 2H), 8.28 (s, IH), 8.42 (d, 2H), 8.58 (s, IH), 9.18 (s, IH), 

10.40 (s, IH); HPLC Purity: 98.72%; LCMS: 547 (M++J ). 

N-(4-(4-(2-(tert-butylthio)benzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoiine-8-

sulfonamide (VIII-178): 

'Il NMR (400 MHz, DMSO-df>) 5: 1.20 (d, 9H), 1.61 (br s, IH), 1.77 (br s, IH), 2.60 

(br s, IH), 2.70 (br s, IH), 3.25 (br s, 2H), 3.58 (br s, 4H), 3.83 (d, 2H), 7.10 (d, 3H), 

7.20 (br s, 2H), 7.49 (br s, IH), 7.77 (br s. 4H), 8.28 (s, IH), 8.42 (d, IH), 8.58 (s, 

IH), 9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 91.52%; LCMS: 589 (M++J ). 

N-(4-(4-(2-fiuoro-6-methoxybenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline-

8-sulfonamide (VIII-179): 
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*H NMR (400 MHz, DMSO-d6) 8: 1.61 (br s, IH), 1.77 (br s, IH), 2.60 (br s, 2H), 

3.10 (br s, 2H), 3.45-3.55 (m, 4H), 3.64 (s, 3H), 3.81 (s, 2H), 6.77-6.87 (m, 2H), 7.08-

7.20 (m, 4H), 7.30 (br s, IH), 7.77-7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, IH), 8.58 (d, 

IH), 9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.88%; LCMS: 549 (MUl). 

N-(4-(4-(2-(methy!thio)benzyI)-l,4-diazepane-l-carbonyl)phenyl)qulnoline-8-

]H NMR (400 MHz, DMS0-d<5) 5: 1.61 (br s, IH), 1.77 (br s, IH), 2.38 (d, 4H), 2.60 

(br s, 2H), 3.25 (br s, 2H), 3.58 (s, 2H), 3.6(s, 3H), 7.00-7.18 (m, 5H), 7.24 (d, 2H), 

7.77-7.80 (d, 2H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (s, IH), 9.18 (s, IH), 10.40 (s, IH); 

HPLC Purity: 99.77%; LCMS: 547 (M+-f-1 ). 

N-(4-(4-(5-chIoro-2-hydroxy-4-methylbenzyl)-l,4«diazepane-l-

carbonyI)phenyI)quinoline-8-suIfonainide (VIII-181): 

*H NMR (400 MHz, DMSO-dtf) 8: 1.61 (br s, 1H), 1.77 (br s, 1H), 2.25 (s, 4H), 2.78 

(br s, 2H), 3.50-3.78 (m, 4H), 6.78 (d, IH), 7.10-7.20 (m, 4H), 7.77-7.80 (m. 2H), 

260 



WO 2011/002817 PCT/US2010/040486 

8.28 (s, IH), 8.42 (d, 2H), 8.58 (s, IH), 9.18 (s, 1H), 10.40 (s, IH); HPLC Purity: 

99.85%; LCMS: 565 (M++ 1 ). 

N-(4-(4-(3-phenyipropyl)-l,4-diazepane-l-carbonyl)phenyl)qiiinoline-8-
sulfonamide (VIII-182): 

!H NMR (400 MHz, DMSO-dtf) 8: 1.32 (m, 2H), 1.61 (br s, 2H), 1.77 (br s, 2H),2.1 

(t, 2H), 2.38 (d, 2H), 2.60 (br s, IH), 3.28 (br s, 3H), 3.58 (br s, 2H), 7.05-7.31 (m, 

7H), 7.77-7.80 (m, 3H), S.28 (d, IH), 8.42 (d, 2H), 8.58 (d, IH), 9.18 (s, IH), 10.40 

(s, IH); HPLC Purity: 99.73%; LCMS: 529 (M++i ). 

N-(4-(4-(3-chloro-4-methoxybenzyl)-l,4-diazepane-l-carbonyi)phenyl)quinoline-
8-sulfonamide (VIII-183): 

!H NMR (400 MHz, DMSO-dtf) 8: 1.61 (br s, IH), 1.77 (br s, 1H), 2.60 (br s, 2H), 

3.22 (br s, 2H), 3.57 (s, 4H), 3.82 (s, 2H), 7.01-7.38 (m, 6H), 7.77 (br s. 2H), 8.28 (s, 

1H), 8.42 (d, IH), 8.58 (s, IH), 9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.50%; 

LCMS: 565 (M++7 ). 

3-((4-(4-(quinoline-8-sulfoiiamido)benzoyl)-l,4-diazepan-l-yI)methyl)phenyI 

acetate (VUI-184): 
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O 

NMR (400 MHz, DMSO-d(5) 5: 1.61 (br s, IH), 1.77 (br s, IH), 2.60 (br s, 4H), 

2.70 (br s, 2H), 3.58 (br s, 2H), 3.78 (s, 2H), 6.63 (d, 2H), 6.80 (br s, 2H), 7.12 (d, 

2H), 7.77 (br s. 2H), 8.28 (s, 1H), 8.42 (d, 2H), 8.58 (s, IH), 9.18 (s, IH), 10.40 (s, 

IH); HPLC Purity: 98.72%; LCMS: 547 (M++7 ). 

N-(4-(4-(4-methylbenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoSine-8-

sulfonamide (VIII-185): 

!H NMR (400 MHz, DMSO-d6) 5: 1.61 (br s, IH), 1.77 (br s, IH), 2.26 (s, 3H), 2.39-

2.62 (m, 4H), 3.10 (br s, 2H), 3.50 (br s, 4H), 7.01-7.20 (m, 7H), 7.77-7.80 (m, 2H), 

8.28 (br s, IH), 8.42 (d, IH), 8.58 (d, 2H), 9.18 (s, IH), 10.41 (s, IH); HPLC Purity: 

97.70%; LCMS: 515 (M++/ ). 

N-(4-(4-(2,4-dich!orobenzyl)~l,4-diazepane-l-carbonyl)phenyl)quinoline-8-
sulfonamide (VIII-186): 

]H NMR (400 MHz, DMSO-d<5) 6: 1.61 (br s, IH), 1.77 (br s, IH), 2.50-2.76 (m, 2H), 

3.45-3.70 (m, 4H), 3.7-3.9 (m, 4H), 7.05-7.20 (m, 2H), 7.36-7.60 (m, 4H), 7.77-7.80 
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(m, 2H), 8.28 (d, IH), 8.42 (d, IH), 8.58 (d, 2H), 9.18 (s, IH), 10.41 (s, IH); HPLC 

Purity: 99.76%; LCMS: 569 (M++/ ). 

N-(4-(4-(4-(trifluoromethyl)benzyl)-l,4-diazepane-l-carbonyl)phenyI)quinoIine-

8-sulfonamide (VIII-187): 

y-fOyX VA'VSI ^ 0 0 M 
(\ /) " 

F 0 
F-Y 

F 

lH NMR (400 MHz, DMSO-d<5) S: 1.61 (br s, IH), 1.77 (br s, IH), 2.50-2.60 (m, 2H), 

3.10 (br s, 2H), 3.50 (br s, 4H), 3.55-3.9 (m, 2H), 7.10 (s, 4H), 7.20-7.38 (m, 3H), 

7.77-7.80 (m, 2H), 8.28 (br s, 1H), 8.42 (d, IH), 8.58 (d, 2H), 9.18 (s, IH), 10.41 (s, 

IH); MS: 569 (M++7 ); HPLC Purity: 99.47%; LCMS: 569 (M++1). 

N-(4-(4-(2-phenylpropyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide (Y1II-188): 

lH NMR (400 MHz, CD3OD) 6:1.0 (q, IH), 1.36 (d, 3H), 2.04 (br s, 2H), 3.10 (br s, 

2H), 3.44 (br s, 4H), 3.56 (br s, 2H), 4.09 (br s, 2H), 7.10 (s, 4H), 7.24-7.40 (m, 4H), 

7.62-7.68 (m, 3H), 8.18 (d, IH), 8.42 (d, 2H), 9.18 (s, IH); HPLC Purity: 99.86%; 

LCMS: 529 (M++/ ). 

N-(4-(4-phenetliyl-l,4-diazepane-l-carbonyl)phenyI)quinoIine-8-sulfonamide 

(Vlll-189): 
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O 

'H NMR (400 MHz, CD3OD) 6: 2.10 (br s, 2H), 3.06 (br s, 2H), 3.40 (br s, 4H), 3.62 

(br s, 2H), 3.79 (t, 2H), 4.09 (br s, 2H), 7.20-7.39 (m, 8H), 7.62-7.68 (m, 2H), 8.18 (d, 

1H), 8.42 (d, 2H), 9.18 (s, IH); HPLC Purity: 97.56%; LCMS: 515 (M++J ). 

N-(4-(4-(4-butyIbenzyS)-l,4-diazepane-l-carbonyI)phenyi)quinoline-8-

sulfonamide (VIII-190): 

*H NMR (400 MHz, CD3OD) 5: 0,92 (t, 3H), 1.37 (sextet, 2H), 1.58 (sextet, 2H), 2.03 

(br s, 2H), 2.62 (t, 2H), 3.16 (br s, 2H), 3.50 (br s, 4H), 4.19 (br s, 2H), 4.24 (s, 2H), 

7.17-7.23 (m, 4H), 7.25-7.38 (m, 4H), 7.61-7.65 (m, 2H), 8.18 (d, IH), 8.41 (d, 2H), 

9.16 (s, IH); HPLC Purity: 99.72%; LCMS: 557 (M++7 ). 

N-(4-(4-(3,5-dimethylbenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-191): 

]H NMR (400 MHz, CD3OD) 5: 2.01 (br s, 2H), 2.28 (s, 6H), 3.10 (br s, 2H), 3.44 (br 

s, 4H), 3.18 (br s, lH),4.12(s, 2H), 7.02 (s, 2H),7.10(s, IH), 7.14-7.22 (m, 4H), 

/=< 

o 
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7.60-7.65 (m, 2H), 8.18 (d, IH), 8.42 (d, 2H), 9.18 (s, IH); HPLC Purity: 99.81%; 

LCMS: 529 (kt+1). 

N-(4-(4-(2-liydroxy-3,4-dimethoxy-6-methyibeiizyt}-l,4-diazepane-l-

carboiiyI)phenyI)quiiioUne-8-sulfonamide (VIII-192): 

SH NMR (400 MHz, CD3OD) 8: 2.12 (br s, 2H), 2.38 (s, 3H), 3.58 (br s, 5H), 3.79 (s, 

3H), 3.83 (s, 3H), 3.85-3.9 (m, 2H), 4.21 (br s, IH), 4.38 (s, 2H), 6.50 (s, 1H), 7,20-

7.30 (m, 4H), 7.62-7.68 (m, 2H), 8.18 (d, IH), 8.42 (d, 2H), 9.18 (s, IH); HPLC 

Purity: 98.77%; LCMS: 591 (M++! ). 

N-(4-(4-(3,5-dimethoxybenzyI)-l,4-diazepane-l-carbonyi)phenyI)quinoIine-8-

sulfonamide (VIII-193): 

TH NMR (400 MHz, CD3OD) 8: 2.02 (br s, 2H), 3.51 (br s, 3H), 3.2-3.7 (m, 3H), 

3.79 (s, 2H), 3.81 (s, 6H), 4.28 (s, 2H), 6.63 (d, 2H), 7.20-7.27 (m, 5H), 7.62-7.68 (m, 

2H), 8.18 (d, IH), 8.42 (d, 2H), 9.18 (s, IH); HPLC Purity: 94.85%; LCMS: 561 

(M++l ). 

N-(4-(4-(4-chloro-2-fluorobeiizyl)-l,4-diazepane-l-carbonyl)phenyl)qumolme-8-

sulfonamide (VIII-193): 
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CI 

'H NMR (400 MHz, CD3OD) 6 2.03 (br s, 2H), 3.40 (br s, 4H), 3.61 (br s, 2H), 4.38 

(s, 2H), 6.63 (d, 2H), 7.15-7.27 (m, 4H), 7.32-7.38 (m, 2H), 7.52 (t, IH), 7.60-7.65 

(m, 2H), 8.18 (d, IH), 8.41 (d, 2H), 9.18 (s, IH); HPLC Purity: 99.99%; LCMS: 553 

(M+). 

N-(4-(4-(4-ethoxybenzyl)-!,4-d!azepane-l-carbonyl)phei]yl)qumoline-8-

sulfonamide (VIII-194): 

'H NMR (400 MHz, CD3OD) 8: 1.39 (t, 3H), 2.03 (br s, 2H), 3.10 (br s, I B), 3.57 (br 

s, 5H), 3.71 (br s, 2H), 4.06 (q, 2H), 4.19 (br s, IH), 4.30 (s, IH), 6.63 (d, 2H), 7.00 

(d, 2H), 7.18-7.27 (m, 2H), 7.38 (d, 2H), 7.62-7.68 (m, 2H), 8.18 (d, IH), 8.42 (d, 

2H), 9.18 (s, IH); HPLC Purity: 98.87%; LCMS: 545.0 (M++1). 

N-(4-(4-(3-hydroxybenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline~8-

sulfonamide (VIII-195): 
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lH NMR (400 MHz, CD3OD) 8: 2.02 (br s, 2H), 3.18 (br s, 2H), 3.59 (s, 4H), 4.20 (br 

s, 2HJ, 4.31 (s, 2H), 6.90 (d, 3H), 7.19-7.32 (m, 5H), 7.62-7.68 (m, 2H), 8.18 (d, IH), 

8.42 (d, 2H), 9.18 (s, IH); HPLC Purity; 96.26%; LCMS; 517.2 (M++7 ). 

N-(4-(4-(2,3-dichlorobenzyl)-l,4-diazepane-l-carbonyI)phenyI)quinoHne-8-

sulfonamide (VIII-196): 

!H NMR (400 MHz, CD3OD) 8: 2.12 (br s, 2H), 3.53 (br s, 6H), 3.73 (br s, 2H), 4.59 

(s, 2H), 6.63 (d, 2H), 7.20-7.30 (m, 3H), 7.44 (t, IH), 7.59 (s, IH), 7.63-7.68 (m, 2H), 

7.78 (d, 1H), 8.18 (d, IH), 8.42 (d, Hi), 9.18 (s, IH); HPLC Purity; 99.29%; LCMS: 

569 (M+ 7). 

N-(4-(4-(3,4-dichlorobenzyl)-l,4-diazepane-l-carborwl)phenyl)quinoline-8-

sulfonamide (VIII-197): 

!H NMR (400 MHz, DMSOd6) 8: 1.60 (brs, IH), 1.78 (br s, IH), 2.60 (br s, 2H), 2.62 

(br s, 2H), 3.23 (br s, 2H), 3.58 (br s, 2H), 3.50-3.62 (m, 2H), 7.07-7.18 (m, 3H), 7.24 

(dd, IH), 7.43-7,60 (m; 2H), 7.70-7.79 (m, 2H), 8.24 (d, IH), 8.42 (d, 2H), 8.55 (d, 

1H), 9.18 (s, 1H), 10.42 (s, IH); HPLC Purity: 99.76%; LCMS: 569.1 (M++7). 

N-(4«(4-(3,5-difluorobenzyI)-l,4-diazepane-l-carbonyI)pheiiyI)quinolme-8-

sulfonamide (VIII-198): 
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F 

F 

iH NMR (400 MHz, DMSGd6) 5: 1.60 (br s, IH), 1.78 (br s, IH), 2.60 (br s, 2H), 2.62 

(br s, 2H), 3.23 (br s, 4H), 3.50-3.62 (m, 2H), 6.95-7.20 (m, 6H), 7.74 (s, 2H), 8.24 (d, 

IH), 8.42 (d, 2H), 8.55 (d, IH), 9.18 (s, IH), 10.42 (s, IH); HPLC Purity: 98.49%; 

LCMS: 559.1 (M++23 ). 

N-(4-(4-(2,6-dimethoxybenzyI)-l,4-diazepane-l-carbonyl)phenyI)quinoline-8-

sulfonamide (VIII-199): 

lH NMR (400 MHz, DMSO-dtf) 5: 1.60 (brs, IH), 1.71 (br s, IH), 2.62 (br s, 3H), 

3.21 (br s, 2H), 3.50 (s, 3H), 3.59 (s, 3H), 3.79 (s, 2H), 6.58 (d, IH), 6.61 (d, 2H), 

7.02-7.21 (m, 4H), 7.62-7.68 (m, 2H), 8.18 (d, IH), 8.42 (d, 2H), 9.18 (s, IH), 10.39 

(s, IH); HPLC Purity: 99.26%; LCMS: 56] (M*+l ). 

N-(4-(4-(3-chloro-4~fluorobenzyl)-l,4-diazepane-l~carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-200): 

!H NMR (400 MHz, DMSO-dtf) S: 1.61 (br s, IH), 1.80 (br s, IH), 3.42 (dd, 6H), 

7.08-7.18 (m, 3H), 7.20-7.55 (m, 3H), 7.70-7.80 (m, 2H), 8.28 (d, IH), 8.42 (d, 2H), 

8.58 (d, IH), 9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.54%; LCMS: 561 (At ). 
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N-(4-(4-(4-(l-amino-2-cyanopropyl)benzyl)-l,4-diazepane-l-

carbonyl)phenyI)quino!ine-8-sulfonainide (VIII-201): 

!HNMR (400 MHZ, DMSO-df5) 8: 1.61 (br s, IH), 1.7 (s, IH), 1.80 (br s, 1H), 2.70 

(t, 2H), 2.93 (s, 3H), 3.23 (br s, 2H), 3.40-3.59 (m, 4H), 3.64 (t, 1H), 6.68 (t, 2H), 

7.01-7.18 (m, 5H), 7.70 (br s, 2H), 8.28 (t, 1H), 8.42 (d, 2H), 8.58 (t, IH), 9.18 (s, 

IH), 10.40 (s, IH); HPLC Purity: 96.64%; LCMS: 605 (At+23 ). 

N-(4-(4-(2-ethyIbenzyI)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-
suifonamide (VIII-202): 

]H NMR (400 MHz, DMSO-dtf) 8: 1.0-1.17 (m, 2H), 1.2 (t, 3H), 1.59 (br s, IH), 1.74 

(br s, IH), 2.1 (m, 2H), 2.42-2.75 (m, 5H), 3.2-3.6 (m, 3H), 7.01-7.22 (m, 7H), 7.75 

(s, 2H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (d, IH), 9.18 (s, IH), 10.40 (s, IH); HPLC 

Purity: 99.16%; LCMS: 529 (M++l ). 

N-(4-(4-(4-(hex-l-yn-l-yl)benzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoline-8-

sulfonamide (YIII-203): 
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]H NMR (400 MHz, DMSO~d<5) 8: 0.92 (t, 3H), 1.40-1.60 (m, 5H), 1.77 (br s, 2H), 

3.20 (br s, 4H), 3.50 (br s, 6H), 7.03-7.38 (m, 7H), 7.78 (br s, 2H), 8.28 (br s, IH), 

8.42 (d, 2H), 8.58 (d, IH), 9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.77%; LCMS: 

581 (MUl). 

N-(4-(4-(2-fluoro-6-hydroxybenzyI)~l,4-diazepane-l-carbonyl)phenyl)quinoUne-

8-sulfonamide (VIII-204): 

lH NMR (400 MHz, DMSO~d<5) 8: 1.61 (br s, IH), 1.77 (br s, IH), 2.60 (br s, 2H), 

2.78 (br s, IH), 3.20-3.42 (m, 3H), 3.58 (d, 2H), 3.79 (d, 2H), 4.1 (s, IH), 6.59 (br s, 

2H), 7.10-7.20 (m, 4H), 7.71-7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, IH), 8.58 (d, IH), 

9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.78%; LCMS: 535 (MUl ). 

N-(4-(4-(2,4-dichIoro-6-hydroxybenzyl)-l,4-diazepane-l-
carbonyl)phenyl)quinoiine-8-sulfonamide (VIII-205): 

)L^CI 

CI 
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*H NMR (400 MHz, DMSO-d6) 6: 1.61 (br s, IH), 1.77 (br s, IH), 2.58-2.80 (m, 3H), 

3.20-3.68 (m, 5H), 3.79 (d, 2H), 6.78 (d, IH), 6.99 (d, IH), 7.09-7.20 (m, 4H), 7.71-

7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, IH), 8.58 (d, IH), 9.18 (s, IH), 10.40 (s, IH); 

HPLC Purity: 99.58%. LCMS: 585 (At + 1 ). 

N-(4-(4-(2-hydroxy-6-methoxybenzyl)-l,4-diazepane-l-

carbonyI)pheny!)quinoiine-8-sulfonamide (VIII-206): 

*H NMR (400 MHz, DMSO-dtf) 5: 1.61 (brs, 1H), 1.77 (brs, IH), 2,60 (br s, 2H), 

3.21 (br s, 2H), 3.42-3.58 (m, 2H), 3.53 (s, 2H), 3.68 (d, 2H), 6.26-6.45 (m, 2H), 

7.03-7.20 (m, 3H), 7.71-7.80 (m, 2H), 8.28 (s, 2H), 8.42 (d, 2H), 8.58 (s, IH), 9.18 (s, 

IH), 10.41 (s, IH); HPLC Purity: 99.89%; LCMS: 547 (MUl). 

N-(4-(4-(4-cyanobenzyl)-l,4-diazepane-l -carbonyl)phenyl)quinoline-8-

sulfonamide (VIII-207): 

]H NMR (400 MHz, DMSO-dtf) 5: 1.61 (br s, 1H), 1.77 (br s, IH), 2.60 (br s, 2H), 

3.21 (br s, 2H), 3.42-3.58 (m, 2H), 3.53 (s, 2H), 3.68 (d, 2H), 7.10-7.20 (m, 3H), 

7.41-7.58 (m, 2H), 7.71-7.81 (m. 3H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (d, IH), 9.18 

(s, IH), 10.40 (s, IH); HPLC Purity: 97.75%; LCMS: 526.2 (M++l). 

N-(4~(4-(5-chloro-2-liydroxybenzyl)-l,4-diazepane-l-carbonyl)phenyI)qumoline-

8-sulfonamide (VIII-208): 
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CI 

lH NMR (400 MHz, DMSO-df5) 5: 1.61 (br sf IH), 1.77 (br s, IH), 2.60-2.78 (m, 2H), 

3,21 (br s, 2H), 3.42-3.58 (m, 2H), 3.50-3.71 (m, 4H), 6.74-6.80 (m, IH), 7.08-7.20 

(rn, 5H), 7.71-7.80 (m. 2H), 8.28 (brs, IH), 8.42 (d, 2H), 8.58 (brs, IH), 9.18 (s, IH), 

10.40 (s, IH); HPLC Purity: 99.40%; LCMS: 551.1 (M+ ). 

N-(4-(4-(4-methoxybenzyl)-l,4-diazepane-l-carbonyl)phenyl)quinoIine-8-

sulfonamide (VIII-208): 

lH NMR (400 MHz, DMSO-d6) 5 : 1.61 (br s, IH), 1.77 (br s, IH), 2.40 (br s, IH), 

2.60 (br s, IH), 3.21 (br s, 2H), 3.42-3.58 (m, 4H), 3.77 (s, 2H), 6.80-6.91 (m, 2H), 

7.06-7.20 (in, 4H), 7.71-7.79 (m. 2H), 8.28 (br s, IH), 8.42 (d, 2H), 8.58 (br s, IH), 

9.18 (s, IH), 10.40 (s, IH); HPLC Purity: 99.04%; LCMS: 531 (MUl ). 

N-(4-(4-(2,5-dimethylbenzyl)-l,4-diazepane-l-carbonyI)pbenyI)quinoline-8-

sulfonamide (VI11-209): 

!H NMR (400 MHz, DMSO-dtf) 3: 1.61 (br s, IH), 1.77 (br s, IH), 2.10-2.25 (rn, 2H), 

2.24 (s, 2H), 2.60-2.67 (m, 2H), 2.60 (br s, 2H), 3.20-3.60 (m, 2H), 6.90-7.20 (m, 
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5H), 7.71-7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (d, IH), 9.18 (s, IH), 10.40 

(s, IH); HPLC Purity: 98.86%; LCMS: 529 (M++7). 

N-(4-(4-(3,5-dichIorobenzyl)-l,4-diazepane-l-carbonyl)phenyI)quinoIine-8-
sulfonamide (VIII-210): 

!H NMR (400 MHz, DMSO-d<5) 5: 1.61 (br s, IH), 1.77 (br s, 1H), 2.24 (s, 2H), 2.60-

2.67 (m, 2H), 3.20-3.60 (br s, 2H), 3.8-3.9 (m, 4H), 7.09-7.20 (m, 3H), 7,25-7.50 (m, 

3H), 7.71-7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, IH), 8.58 (d, IH), 9.18 (s, IH), 10,40 

(s, IH); HPLC Purity: 99.29%; LCMS: 569 (M+-J ). 

N-(4-(4-(3-fluoro-4-(trifluoromethyI)benzyl)-l,4-diazepane-l-

carbonyI)pheiiyI)q«inoIine-8-sulfonaniide (VIII-211): 

V J ° 0 N 
I 
0 

F ~~Y 
F 

"H NMR (400 MHz, DMSO-d6) 5: 1.61 (br s, IH), 1..77 (br s, IH), 2.24 (s, 2H), 2.40-

2.60 (m, 2H), 3.20 (br s, 2H), 3.59 (br s, 2H), 3.58 (d, 2H), 7.10-7.20 (m, 3H), 7.25-

7.42 (m, 2H), 7.71-7.80 (m. 2H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (d, IH), 9.18 (s, IH), 

10.40 (s, IB); HPLC Purity: 99.71%; LCMS: 587 (M++j ). 

N-(4-(4-(2,4,5-trimethylbeiizyl)-l,4-diazepane-l-carbonyl)phenyL)quinoHne-8-

suifonamide (VIII-212): 
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]H NMR (400 MHz, DMSO-d6) 8: 2.10 (s, 3H), 2.18 (s, 6H), 2.24 (s, 2H), 2.40-2.60 

(m, 4H), 3.20 (br s, 2H), 3.59 (br s, 2H), 3.58 (d, 2H), 6.80-6.99 (m, 2H), 7.04-7.18 

(m, 2H), 7.71-7.80 (m, 2H), 8.28 (d, IH), 8.42 (d, 2H), 8.58 (d, 1H), 9.18 (s, 1H), 

10.40 (s, IH); HPLC Purity: 99.80%; LCMS: 543 (M++7 ). 

N-(4-(4-(4-chlorobenzyi)-l,4-diazepane-l-carbonyI)phenyl)quinoline-8-

sulfonamide (VIII-213): 

]H NMR (400 MHz, DMSO-d<5) 8: 1.59 (s, IH), 1.78 (s, 1H), 2.41 (s, IH), 2.52-2.64 

(m, 2H), 3.25 (br s, 2H), 3.55 (s, 2H), 3.59 (s, 2H), 7.08-7.17 (m, 3H), 7.20-7.40 (m, 

4H), 7.68-7.75 (m, 2H), 8.28 (d, IH), 8.42 (d, IH), 8.53 (d, 1H), 9.18 (s, IH), 10.39 

(s, IH); HPLC Purity: 97.45%; LCMS: 535.1 (M+ ). 

N-(4-(4-(2,5-dimethoxybenzyl)-l,4-diazepane-l-carbonyl)p!ienyl)quinoline-8-

]H NMR (400 MHz, DMSO-d(5) 8: 1.63 (br s, IH), 1.78 (br s, IH), 2.2 (br s, 2H), 2.62 

(br s, 2H), 3.24 (br s, 2H), 3.48-3.66 (m, 4H), 3.7-3.86 (s, 6H), 6.71-6.81 (m, IH), 

274 



WO 2011/002817 PCT/US2010/040486 

6.82-6.99 (m, 2H), 7.05-7.17 (rn, 3H), 7.70-7.79 (m, 2H), 8.28 (d, 1H), 8.42 (d, IH), 

8.56 (d, 1H), 9.18 (s, 1H), 10.39 (s, IH); HPLC Purity: 98.43%; LCMS: 561 (M++7 ). 

Synthesis of Corresponding Salts: 

General Procedure for making salts: 

To a solution of N-(4-(4-benzylpiperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (0.25 mmol) in methanol (5 ml) added Sodium 

hydroxide/methanesulfonic acid (0.25 mmol, 1.0 eq) and the reaction mixture was 

stirred for 3 h at room temperature. The solvent was removed under reduced pressure 

and azeotroped with pentane to get the salts as pale yellow solid. 

Sodium (4-(4-benzylpiperazine-l-carbonyI)phenyl)(quinolin-8-yIsuIfonyi)amide 

(VIII-215): 

fH NMR (400 MHz, CDC13) 8: 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 6.94 (d, 2Ii), 7.06 (t, 4H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.01 (d, 1H), 8.28 

(d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); LCMS: 508.5 (M+ + 23 ). 

8-(N-(4-(4-benzylpiperazme-l-carbonyi)phenyi)sulfamoyi)qumolin-l-ium 

methanesulfonate (VIII-216): 

]H NMR (400 MHz, CDC13) 8 : 2.38 (br d, 4H), 3.31 (br s, 2H), 3.41 (s, 2H), 3.64 (br 

s, 2H), 6.94 (d, 2H), 7.06 (t, 4H), 7.40 (d, 2H), 7.56-7.63 (m, 2H), 8.01 (d, IH), 8.28 

(d, IH), 8.38 (d, IH), 8.56 (s, IH), 9.18 (s, IH); LCMS: 487.0 (M* +1). 
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Synthesis of Piperazine Based Benzyl Derivatives with 3-methyl, 2-methyl, 3-

fluoro, 3-chloro, 3-melhoxy and 2-methoxy Substituted Phenyl Rings 

Scheme 22 

Pyridine, DCM 

COOEt S02C! 

140 89 

R - Me, F, 2-OMe, 3-OMe 

EtOOC 

LiOH, THF-H2Q 

0"0 N. Jj Reflux, 12 h, 90% 
^ HOOC 

141 

R = Me, F, 2-OMe, 3-OMe 
14 

"NH.HCi 
BocN 

n 
137 

HOOC' 

H • •• O O 

143 
n = 1, Piperizine 
ri = 2, Homopiperizine 

144 Methanolic HCW °C-RT oiHHN"^ 

PyBop 

DIPEA, DMF 
0 °C - rl, 12 h, 40 
• 60% 

BocN 

n = 1, Piperizine 
n = 2, Homopiperizine 
R = Me, F. 2-OMe, 3-OMe 

Aldehyde, STAB 

AcOH-DCM 

145 
n = 1, Piperizine 
n = 2, Homopiperizine 
R = Me, F, 2-OMe, 3-OMe 

STAB = Sodium tri-aceloxy borohydride 

n = 1, Piperizine 
n = 2, Homopiperizine 
R = Me, F, 2-OMe, 3-OMe 
R, = Different A ring variations 

The synthesis of compounds 140-145 and compound of formula (XIV) was carried 

out starting from aniline 140 (0.25 mmol) by following the similar procedure as 

mentioned in Scheme 21 for compounds of formula (VIII) with respective key steps 

such as sulfonamide formation, ester hydrolysis, amide bond formation and reductive 

animation. 

N-(4-(4-benzylpiperazine-l-carbonyl)-2-methylphenyI)quinoline-8-sulfonaiTiide 

(XIV-1): 
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O 

*H NMR (400 MHz, CDC13) 8: 2.22 (s, 3H), 2.65 (br s, 4H), 3.50 (br s, 4H), 4.20 (s, 

2H), 7.01 (d, IH), 7.12 (s, IH), 7.39 (t, 2H), 7.48 (q, 2H), 7.60-7.68 (m, 2H), 8.18 (d, 

IH), 8.28 (d, IH), 8.43 (d, IH), 9.18 (d, IH); HPLC Purity: 98.75%; LCMS: 501 

(M*+i). 

N-(4-(4-benzylpiperazine-l-carbonyl)-2-fluorophenyI)quinoIine-8-sulfonamide 

*H NMR (400 MHz, CDC13) 8: 2.62 (br s, 4H), 3.80 (br s, 4H), 4.20 (s, 2H), 6.99 (d, 

IH), 7.03 (d, IH), 7.39 (d, 2H), 7.40-7.48 (m, 3H), 7.60-7.68 (m, 2H), 7.80 (t, IH), 

8.18 (d, IH), 8.26 (d, IH), 8.43 (d, IH), 9.18 (d, IH); HPLC Purity: 97.86%; LCMS: 

505 (M++7 ). 

N-(4-(4-benzyIpiperazine-l-carbonyl)-2-methoxyphenyl)quinoline-8-sulfonamide 

H NMR (400 MHz, CDC13) 8: 2.46 (br s, 4H), 3.50 (br s, 4H), 3.66 (s, 3H), 4.20 (br 

s, 2H), 6.40 (br s, IH), 6.94 (br s, IH), 7.39 (d, 2H), 7.42-7.48 (m, 3H), 7,61-7.66 (m, 

(XIV-2): 

(X.IV-3): 
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2H), 8.18 (d, IH), 8.36 (d, IH), 8.41 (d, IH), 9.18 (d, 1H); HPLC Purity: 99.99%; 

LCMS: 517 (AT+/). 

N-(4-(4-benzyIpiperazine-l-carbonyI)-3-chlorophenyI)quinoIine-8-sulfonamide 
(XIV-4): 

JH NMR (400 MHz, CDC13) 5: 2.32 (br s, 4H), 3.42 (br s5 4H), 4.38 (s, 2H), 7.16 (q, 

2H), 7.30 (s, 1.H), 7.49 (s, 4H)S 7.64-7.73 (m, 2H), 8.21 (d, IH), 8.42 (t, 2H), 9.18 (d, 

IH); HPLC Purity: 96.62% LCMS: 521 (M+). 

N-(4-(4-(4-chlorobenzy!)piperazme-l-carboiiyl)-2-methylpheny!)quinoIine-8-

sulfonamide (X1V-5): 

]H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.41 (br s, 4H), 3.50 

(s, 2H), 6.97 (s, 2H), 7.06 (s, 3H), 7.39 (dd, 2H), 7.54 (s, IH), 7.62-7.77 (m, 2H), 

8.21-8.30 (m, 3H), 8.52 (d, IH), 9.18 (s, IH), 9.34 (s, IH); HPLC Purity: 97.97%; 

LCMS: 535 (M+). 

N-(4-(4-(2,4-dichIorobenzyl)piperazine-l-carbonyI)-2-inethyIphenyi)quinoline-8-

sulfonamide (XIV-6): 
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!H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.42 (br s, 4H), 3.50 

(s, 2H), 6.97 (s, 2H), 7.06 (s, 1H), 7.39 (dd, 2H), 7.54 (s, IH), 7.62-7.77 (m, 2H), 

8.21-8.30 (m, 2H), 8.52 (d, IH), 9.18 (s, IH); HPLC Purity: 97.97%; LCMS: 569 
(M+). 

N-(2-metliyl-4-(4-(4-(trifliioromelhyl)benzyl)piperazine-l-

carbonyS)phenyl)quinoliiie-8-sulfonamide (XIV-7): 

H f 1 
N 1 ii F 
N o i 

F\ k 0 0 

F O 

lH NMR (400 MHz, DMSO-d6) 8: 2.01. (s, 3H), 2.37 (br s, 4H), 3.41 (br s, 4H), 3.53 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.46 (d, 2H), 7.62-7.77 (m, 4H), 8.21-8.30 (m, 2H), 

8.57 (d, IH), 9.18 (s, IH), 9.21 (br s, IH); HPLC Purity: 96.00%; LCMS: 569 

(At+1). 

N-(4-(4-(3,5-dichIorobenzyl)piperazine-l-carboi]yl)-2-methylphenyl)quinoline-8-

sulfonamide (XIV-8): 

*H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.46 (s, 4H), 6.97 (s, 

2H), 7.06 (s, IH), 7.31 (s, 2H), 7.46 (s, IH), 7.62-7.77 (m, 3H), 8.21-8.30 (m, 2H), 

8.57 (d, IH), 9.18 (s, IH), 9.39 (s, IH); HPLC Purity: 99.45%; LCMS: 569 (M+) 
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N-(4-(4-(3-fluorobenzyI)piperazine-l-carbonyl)-2-methylphenyl)quinoHne-8-

sulfonamide (XIV-9): 

!H NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.30 (br s, 4H), 3.41 (br s, 4H), 3.47 

(s, 2H), 6.97 (s, 2H), 6.99-7.36 (m, 4H), 7.25-7.34 (m, IH) 7.62-7.77 (m, 2H), 8.21-

8.30 (m, 2H), 8,57 (d, IH), 9.18 (s, IH), 9.23 (s, IH); HPLC Purity; 97.71 %; LCMS: 

519 (A#++7). 

N-(4-(4-(3,4-dichIorobenzyl)piperazine-l-carbonyI)-2-niethyIphenyI)quinoline-8-

suifonamide (XIV-10): 

3H NMR (400 MHz, DMSO-dd) 8 2.01 (s, 3H), 2.25 (br s, 4H), 3.45 (s, 4H), 6.97 (s, 

2H), 7.06 (m, IH), 7.25 (d, IH) 7.58 (t, 2H), 7.62-7.77 (m, 2H), 8.21-8.30 (m, 2H), 

8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 94.90%; LCMS: 569 (M+ ). 

N-(4-(4-(3,5-difluorobenzyl)piperazine-l-carbonyl)-2-methylphenyI)quinoIine-8-
sulfonamide (XIV-ll): 
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lH NMR (400 MHz, DMSO-dd) 5: 2.01 (s, 3H), 2.25 (br s, 4H), 3.45 (s, 4H), 3.52 (s, 

2H), 6.97-7.10 (m, 5H), 7.62-7.77 (m, 3H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, 

IH), 9.21 (s, IH); HPLC Purity: 97.84%; LCMS: 536 (At+23). 

N-(4-(4-(3-chioro-4-fluorobenzyi)piperazine-l-carbonyi)-2-
methylphenyI)quinoline-8-sulfonamide (XIV-12): 

XH NMR (400 MHz, DMSO-d6) 3: 2.01 (s, 3H), 2.25 (br s, 4H), 3.43 (s, 4H), 3.46 (s, 

2H), 6.97 (s, 2H), 7.06 (s, IH), 7.21-7.35 (m, 2H), 7.42 (d, IH), 7.62-7.77 (m, 2H), 

8.21-8.30 (m, 2H), 8.53 (d, IH), 9.38 (s, IH), 9.21 (s, IH); HPLC Purity: 94.61%; 

LCMS: 553 (M+). 

N-(4-(4-(4-chloro-2-fluorobenzyI)piperazine-l-carbonyI)-2-

methylphenyI)quinoline-8-sulfoiiamide (XIV-13): 

!H NMR (400 MHz, DMSO-dd) 5: 2.01 (s, 3H), 2.25 (br s, 4H), 3.20 (br s, 2H), 3.45 

(s, 4H), 6.97 (s, 2H), 7.06 (s, IH), 7.21 (d, IH), 7.31-7.39 (m, 2H), 7.62-7.77 (m, 2H), 

8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 96.23%; 

LCMS: 553 (M+). 

N-(4-(4-(2,4-difluorobeiizyl)piperazine-l-carbonyI)-2-melhyIphenyl)qiiinoHne-8-

sulfonamide (XIV-14): 
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LH NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.25 (br s, 4H), 3.20 (br s, 2H), 3.45 

(s, 4H), 6.97-7.06 (m, 4H), 7.20 (t, IH), 7.31-7.39 (m, IH), 7.62-7.77 (m, 2H), 8.21-

8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 99.12%; LCMS: 

537 (M++l). 

N-(4-(4-(2,3-dichlorobenzyl)piperazine-l-carbonyl)-2-methylphenyI)quinoUne-8-

sulfonamide (XIV-15): 

!H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H)f 2.25 (br s, 4H), 3.37 (s, 4H), 3.45 (s, 

2H), 6.97 (s, 2H), 7.06 (s, IH), 7.25 (t, lH)7.42(d, 1H),7.50 (d, IH), 7.62-7.77 (m, 

2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 

98.43%; LCMS: 569 (M+). 

N-(4-(4-(2-fliiorobenzyl)piperazine-X-carbonyr)-2-melhylphenyl)quinoHne-8-
sulfonamide (XIV-16): 

lH NMR (400 MHz, DMSO-dd) 8: 2.01 (s, 3H), 2.30 (br s, 4H), 3.25 (s, 4H), 3.47 (s, 

2H), 6.97 (s, 2H), 7.06 (s, IH), 7.10-7.20 (m, 2H), 7.24-7.38 (m, 2H) 7.62-7.77 (m, 
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2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 

98.71%; LCMS: 519 (M++l). 

N-(4-(4-(3-chlorobenzyl)piperazine-l-carbonyl)-2-methylphenyI)quinoline-8-

sulfonamide (XIV-17): 

!H NMR (400 MHz, DMSO-d6) 5 2.01 (s, 3H), 2.37 (br s, 4H), 3.37 (br s, 4H), 3.44 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.20-7.29 (m, 4H), 7.62-7.77 (m, 2H), 8.21-8.30 

(m, 2H), 8.56 (d, IH), 9.18 (s, IH), 9.34 (s, IH); HPLC Purity: 99.25%; LCMS: 535 
(At). 

N-(4-(4-(2,3-difluorobenzyI)piperazine-l-carbonyi)-2-methyIphenyl)quinoline-8-

sulfonamide (XIV-18): 

]H NMR (400 MHz, DMSO-d6) 5 2.01 (s, 3H), 2.25 (br s, 4H), 3.46 (br s, 4H), 3.59 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.25-7.36 (m, 2H), 7.63-7.77 (m, 2H), 8.21-8.30 

(m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.21 (s, IH); HPLC Purity: 96.79%; LCMS: 537 

(NT+1). 

N-(4-(4-(cyclopropyImethyI)piperazine-l-carbonyl)-2-methylphenyi)quinoline-8-

sulfonamide (XIV-19): 
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O 

NMR (400 MHz, DMSO-dtf) 8: 0.03-0.05 (m, 2H), 0.30-0.31 (m, 2H), 0.45-0.47 

(m, 1H), 2.01 (s, 3H), 2.17 (d, 2H), 2.25 (br s, 4H), 3.22 (br s, 4H), 3.59 (s, 2H), 6.97 

(s, 2H), 7.06 (s, 1H), 7.63-7.77 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 

9.21 (s, IH); HPLC Purity: 98.31%; LCMS: 465 (Af+1). 

N-(2-methyl-4-(4-(pyridin-4-ylmethyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (XIV-20): 

lH NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.25 (br s, 4H), 3.46 (br s, 4H), 3.50 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.31 (m, 2H), 7.63-7.77 (m, 3H), 8.21-8.30 (m, 

2H), 8.54 (d, IH), 8.58 (d, IH), 9.18 (s, IH), 9.21 (br s, IH); HPLC Purity: 94.88%; 

LCMS: 502 (M++7). 

N-(4-(4-(3,5-difluorobenzyl)piperazine-l-carbonyl)-2-fhiorophenyl)quinoline-8-

sulfonamide (XIV-21): 

!H NMR (400 MHz, DMSO-dtf) 8: 2.38 (br s, 4H), 3.52 (br s, 4H), 3.58 (s, 2H), 7.01-

7.18 (m, 4H), 7.38 (t, IH), 7,71-7.82 (m, 3H), 8.32 (t, 2H), 8.60 (d, IH), 9.12 (s, IH), 

9.98 (s, IH); HPLC Purity: 98.93%; LCMS: 541 (M++7). 

F O 
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N-(4-(4-(4-chlorobenzyl)piperazine-l-carbonyl)-2-fluorophenyl)quinoline-8-
sulfonamide (XIV-22): 

"> If" 1 1 ^ k 0 0 3 cr^ ^ Np 1 

0 

'H NMR (400 MHz, DMSO-dtf) 8: 2.38 (br s, 4H), 3.28 (br s, 4H), 3.55 (br s, 2H), 

7.08 (t, 2H), 7.35-7.40 (m, 4H), 7.71-7.80 (m, 3H), 8.32 (t, 2H), 8.60 (d, IH), 9.18 (s, 

IH), 9.98 (s, IH); HPLC Purity: 98.58%; LCMS: 539 (M+). 

N-(4-(4-(2,4-dichiorobenzyl)piperazine-l-carbonyl)-2-fiuorophenyl)quinoIine-8-
sulfonamide (XIV-23): 

]H NMR (400 MHz, DMSO-d6) 5: 2.38 (br s, 3H), 3.46 (br s, 4H), 3.58 (s, 2H), 7.08 

(t, 2H), 7.35 (t, IH), 7.40 (d, IH), 7.50 (d, IH), 7.60 (s, IH), 7.71-7.79 (m, 2H), 8.32 

(t, 2H), 8.60 (d, IH), 9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 98.58%; LCMS: 573 

(AO-

N-(4-(4-(3,5-dichlorobenzyI)piperazine-l-carbonyl)-2-fluorophenyl)quinoline-8-
sulfonamide (XIV-24): 
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!H NMR (400 MHz, DMSO-dd) 6: 2.38 (br s, 4H), 3.28 (br s, 4H), 3.55 (br s, 2H), 

7.10 (t, 2H), 7.30-7.38 (m, 3H), 7.50 (s, 1H), 7.71-7.80 (m, 2H), 8.32 (t, 2H), 8.58 (d, 

IH), 9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 97.63%; LCMS: 573 (.M+). 

N-(4-(4-(3-ehloro-4-fluorobenzyl)piperazine-l-carbonyl)-2-

fiuorophenyl)quinoiine-8-suifonamide (XIV-25): 

'H NMR (400 MHz, DMSO-dd) S: 2.38 (br s, 3H), 3.28 (br s, 4H), 3.55 (s, 2H), 7.10 

(t, 2H), 7.29-7.40 (m, 3H), 7.50 (d, IH), 7.71-7.80 (m, 2H), 8.30 (t, 2H), 8.60 (d, IH), 

9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 96.66%; LCMS: 557 (M+). 

N-(2-fluoro-4-(4-(4-(trifluoromethyi)benzyl)piperazme-l-

carbonyl)phenyl)quinoline-8-sulfonamide (XIV-26): 

lH NMR (400 MHz, DMSO-d(5) 5: 2.38 (br s, 4H), 3.46 (brs, 4H), 3.60 (s, 2H), 7.10 

(t, 2H), 7.35 (t, IH), 7.59 (d, 2H), 7.63-7.78 (m, 4H), 8.32 (t, 2H), 8.60 (d, IH), 9.18 

(s, IH), 9.98 (s, IH); HPLC Purity: 99.96%; LCMS: 573 (M++l). 

N-(4-(4-(3,4-dichlorobenzyl)piperazine-l-carbonyl)-2-fluorophenyI)quinoIine-8-
sulfonamide (XIV-27): 
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CI 
CI o 

*H NMR (400 MHz, DMSO-d6) 5: 2.38 (br s, 3H), 3.28 (br s, 4H), 3.55 (s, 2H), 7.10 

(t, 2H), 7.28-7.40 (m, 2H), 7.58 (t, 2H), 7.70-7.79 (m, 2H), 8.32 (t, 2H), 8.60 (d, 1H), 

9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 98.23%; LCMS: 573 (M+). 

N-(2-fluoro-4-(4-(2-fluorobenzyI)piperazine-l~carbonyr)phenyl)quinoline-8-
sulfonamide (XIV-28): 

*H NMR (400 MHz, DMSO-d6) 5: 2.38 (br s, 4H), 3.48 (br s, 4H), 3.58 (s, 2H), 7.05-

7.20 (m, 3H), 7.28-7.40 (m, 2H), 7.70-7.79 (m, 2H), 8.32 (t, 2H), 8.60 (d, 1.H), 9.18 

(s, IH), 9.98 (s, IH); HPLC Purity: 96.54%; LCMS: 523 (At+3). 

N-(4-(4-(2,4-difluorobenzyV)piperazine-l-carbonyl)-2-fluorophenyl)quinoHne-8-

sulfonamide (XIV-29): 

3H NMR (400 MHz, DMSO-dtf) 5: 2.38 (br s, 4H), 3.22 (br s, 4H), 3.58 (s, 2H), 7.03-

7.20 (m, 3H), 7.20 (t, IH), 7.38 (t, IH), 7.44 (q, IH), 7.70-7.79 (m, 2H), 8.32 (t, 2H)5 

8.60 (d, IH), 9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 99.52%; LCMS: 541 (At+1). 
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N-(4-(4-(2,3-dichlorobenzyi)piperazme-l-carbonyl)-2-fSuorophenyI)quinoline-8-
sulfonamide (XIV-30): 

'H NMR (400 MHz, DMSO-d(5) 8: 2.38 (br s, 4H), 3.22 (br s, 4H), 3.58 (s, 2H), 7.12 

(m, 3H), 7.31-7.40 (m, IH), 7.44 (d, IH), 7.60 (d, IH), 7.70-7.79 (m, 2H), 8.32 (t, 

2H), 8.60 (d, IH), 9.12 (s, IH), 9.98 (s, IH); HPLC Purity: 97.43%; LCMS: 573 (M+). 

N-(4-(4-(4-cIiloro-2-fhiorobenzyI)piperazine-l-carbonyI)-2-

fluorophenyl)quinoline-8-sulfonamide (XIV-31): 

!H NMR (400 MHz, DMSO-d6) 8: 2.38 (br s, 3H), 3.22 (br s, 4H), 3.58 (s, 2H), 7.10 

(t, 2H), 7.23-7.46 (m, 4H), 7.70-7.79 (m, 2H), 8.32 (t, 2H), 8.60 (d, IH), 9.18 (s, IH), 

9.98 (s, IH); HPLC Purity: 99.89%; LCMS: 557 (M+). 

N-(4-(4-(2,3-difIuorobenzyl)piperazine-l-carbonyl)-2-fIuorophenyl)quinoIine-8-

sulfonamide (XI V-32): 

NMR (400 MHz, DMSO~d6) 8: 2.38 (br s, 3H), 3.26 (br s, 4H), 3.58 (s, 2H), 7.03-

7.25 (m, 4H), 7.38 (t, 2H), 7.70-7.79 (m, 2H), 8.32 (t, 2H), 8.60 (d, IH), 9.12 (s, 1H), 

9.98 (s, IH); HPLC Purity: 99.04%; LCMS: 541 (M++l). 
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N-(4-(4-(cyclopropylmethyI)piperazine-l-carbonyl)-2-fluoroplienyl)quinoline-8-

sulfonamide (X1V-33): 

NMR (400 MHz, DMSO-d6) 8: 0,03-0.035 (m, 2H), 0.64-0.66 (m, IB), 0.81-0.83 

(m, IH), 2.20 (s, 2H), 2.38 (br s, 4H), 3.52 (br s, 4H), 7.10 (m, 2H), 7.38 (t, IH), 7.70-

7.79 (m, 2H), 8.32 (t, 2H), 8.60 (d, IH), 9.12 (s, IH), 9.98 (s, IH); HPLC Purity: 

97.67%; LCMS: 469 (M++7). 

N-(2-fluoro-4-(4-(pyridin-4-yimetliyI)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (X1V-34): 

li^1 rx V Vxn ^F° 0 

\ 
1! 
0 

!H NMR (400 MHz, DMSO-d6) 8: 2.38 (br s, 4H), 3.48 (br s, 4H), 3.59 (s, 2H), 7.12 

(t, 2H), 7.38 (s, 3H), 7.70-7.79 (m, 2H), 8.32 (t, 2H), 8.57 (d, 2H), 8.60 (d, IH), 9.10 

(s, IH), 9.98 (s, IH); HPLC Purity: 97.70%; LCMS: 506 (At+1). 

N-(2-fluoro-4-(4-(pyridin-2-ylmetliyI)piperazine-l-carbonyI)piienyl)quinoline-8-

sulfonamide (XIV-35): 

H (\ 

rf^Y^r rf 
s J/\ 1 sKo o 

II 
0 
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]H NMR (400 MHz, DMSO-dd) 5: 2.38 (br s, 4H), 3.22 (br s, 4H), 3.62 (s, 2H), 7.13 

(t, 2H), 7.22-7.38 (m, 2H), 7.42 (d, 1H), 7.70-7.79 (m, 3H), 8.32 (t, 2H), 8.50 (s, 1H), 

8.60 (d, IH), 9.18 (s, IH), 9.98 (s, IH); HPLC Purity: 99.74%; LCMS: 506 (M++l). 

N-(2-methyI-4-(4-(pyridin-2-ylmethyI)piperazine-l-carbonyI)phenyI)quinoline-8-

sulfonamide (XIV-36): 

'N' V XTii J 0 ° M 
O 

3H NMR (400 MHz, DMSO-dtf) 5: 2.01 (s, 3H), 2.38 (br s, 4H), 3.52 (br s, 4H), 3.60 

(s, 2H), 6.97 (s, 2H), 7.03 (s, IH), 7.23 (t, IH), 7.40 (d, IH), 7.64-7.78 (m, 4H), 8.25 

(dd, 2H), 8.46 (d, IH), 8.58 (d, IH), 9.08 (s, IH); HPLC Purity: 98.36%; LCMS: 502 

(Af+1). 

N-(2-methyI-4-(4-(l-phenylethyl)piperazine-l-carbonyI)phenyl)quinoline-8-

sulfonamide (XIV-37): 

3H NMR (400 MHz, DMSO-d6) 8: 1.21 (d, 3H), 2.01 (s, 3H), 2.18-2.40 (m, 4H), 3.42 

(br s, 4H), 3.46 (q, IH), 6.90 (s, 2H), 7.01 (s, IH), 7.18-7.34 (m, 5H), 7.64-7.78 (m, 

2H), 8.25 (dd, 2H), 8.38 (d, IH), 9.18 (s, IH), 9.31 (s, IH); HPLC Purity: 99.85%; 

LCMS: 515 (hf+J). 

N-(2-methyl-4-(4-(2-phenylpropyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (X1V-38): 
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EH NMR (400 MHz, DMSO-d6) 8: 1.15 (d, 3H), 2.01 (s, 3H), 2.20-2.38 (m, 6H), 3.48 

(br s, 4H), 3.85 (q, 1H), 6.97 (s, 2H), 7.01 (s, IH), 7.05-7.30 (m, 5H), 1.62-1.16 (m, 

2H), 8.25 (dd, 2H), 8.58 (d, IH), 9.18 (s, IH), 9.31 (br s, IH); HPLC Purity: 95.95%; 

LCMS: 529 (M++7). 

N-(2-methyl-4-(4-(3-phenylpropyl)piperazine-l-carboiiyl)plienyl)quinolme-8-

sulfonamide (X1V-39): 

!H NMR (400 MHz, DMSO-df?) 8: 1.62 (m, 2H), 2.01 (s, 3H), 2.18-2.40 (m, 6H), 

2.56 (br s, 2H), 3.43-3.56 (m, 4H), 6.97 (s, 2H), 7.01 (s, IH), 7.13-7.28 (m, 5H), 7.64-

7.78 (m, 2H), 8.25 (dd, 2H), 8.56 (d, IH), 9.10 (s, IH), 9.31 (s, IH); HPLC Purity: 

98.98%; LCMS: 529 (M++1). 

N-(2-methyl-4-(4-phenethylpiperazme-l-carbonyl)phenyl)qumoiine-8-

sulfonamide (XIV-40): 

'H NMR (400 MHz, CDC13) 8 2.01. (s, 3H), 2.38 (br s, 4H), 2.58 (t, 2H), 2.65 (t, 2H), 

3.50 (br s, 4H), 6.97 (s, 2H), 7.01 (s, IH), 7.15-7.28 (m, 5H), 7.62-7.78 (m, 2H), 8.25 
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(dd, 2H), 8.38 (d, IH), 9.18 (s, IH), 9.31 (br s, IH); LCMS: 515 (MM ); HPLC 

Purity: 97.07%. 

N-(3-methoxy-4-(4-phenethylpiperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (XIV-41): 

]H NMR (400 MHz, DMSO-d6) 8 2.21-2.58 (m, 6H), 2.73-2.79 (m, 2H), 3.18 (d, 

2H), 3.66 (s, 3H), 6.38 (d, IH), 6.87 (d, 2H), 7.19-7.30 (m, 4H), 7.59-7.62 (m, 2H), 

8.02 (d, IH), 8.25 (d, 2H), 8.35 (d, IH), 8.42 (s, 2H), 9.18 (d, IH); HPLC Purity: 

99.42%; LCMS: 531 (At+1). 

N-(3-methoxy-4-(4-(l-phenyIethyI)piperazine-l~carbonyl)phenyI)quinoiine-8-
sulfonamide (XIV-42): 

!H NMR (400 MHz, CDC13) 8: 1.34 (d, 3H), 2.15-2.40 (m, 4H), 3.20 (br s, 4H), 3.35 

(q, IH), 3.62 (s, 3H), 6.35 (d, IH), 6.82 (d, 2H), 7.18-7.28 (m, 3H), 7.58-7.62 (m, 

2H), 8.02 (d, IH), 8.28 (d, IH), 8.35 (d, IH), 8.41 (s, IH), 9.18 (d, IH); HPLC Purity: 

97.00%; LCMS: 531 (A/M). 

N-(3-methoxy-4-(4-(2-phenylpropyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (XIV-43): 
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!H NMR (400 MHz, CDCI3) 8: 1.21 (d, 3H), 2.12-2.45 (m, 6H), 2.84-2.93 (m, IH), 

3.10 (br s, 4H), 3.62 (s, 3H), 6.37 (d, IH), 6.82 (d, 2H), 7.18 (d, 2H), 7.28 (d, 2H), 

7.58-7.62 (m, 2H), 8.02 (d, 1H), 8.28 (d, IH), 8.35 (d, IH), 8.41 (s, 1H), 9.18 (d, IH); 

HPLC Purity: 99.00%; LCMS: 545 (At+1). 

N-(3-methoxy-4-(4-(3-phenylpropyI)piperazme-l-carbonyl)pIieny!)quinoIme-8-

sulfonamide (XIV-44): 

'H NMR (400 MHz, CDCb) 5: 1.78 (pentate, 2H), 2.20 (br s, 2H), 2.35 (t, 4H), 2.60 

(t, 2H), 3.15 (m, 4H), 3.62 (s, 3H), 6.35 (d, IH), 6.84 (d, 2H), 7.10-7.28 (m, 4H), 

7.58-7.62 (m. 2H), 8.02 (d, IH), 8.28 (d, IH), 8.35 (d, IH), 8.41 (s, IH), 9.18 (d, IH); 

HPLC Purity: 99.00%; LCMS: 545 (.M++l), 

N-(2-fluoro-4-(4-phenethylpiperazine-l-carbonyl)phenyI)quinoIine-8-

sulfonamide (XIV-45): 

o 

lR NMR (400 MHz, CDCh) 5: 2.44 (m, 4H), 2.59 (br s, 2H), 2.76 (d, 2H), 3.40 (br s, 

2H), 3.62 (br s, 2H), 6.90 (d, 1H), 7.01 (d, IH), 7.12-7.30 (m, 4H), 7.58-7.62 (m, 2H), 
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7.70 (t, IH), 8.02 (d, IH), 8.28 (d, IH), 8.37 (d, IH), 8.81 (br s9 IH), 9.18 (d, IH); 

HPLC Purity: 96.00%; LCMS: 519 (M++7). 

N-(2-fluoro-4-(4-(l-phenylethyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (XIV-46): 

NMR (400 MHz, CDC13) 5: 1.31 (d, 3H), 2.38 (br s, 4H), 3.36 (q, 3H), 3.58 (br s, 

2H), 6.82 (d, IH), 7.00 (d, IH), 7.18-7.30 (d, 5H), 7.58-7.62 (m, 2H), 7.70 (t, IH), 

8.02 (d, IH), 8.28 (d, IH), 8.35 (d, IH), 8.41 (s, IH), 8.80 (br s, IH), 9.18 (d, IH); 

HPLC Purity: 99.00%; LCMS: 519 (M++ ), 

N-(2-fluoro-4-(4-(2-phenylpropyl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (XIV-47): 

lH NMR (400 MHz, CDC13) 5: 1.21 (d, 3H), 2.20-2.55 (m, 6H), 2.84 (m, IH), 3.35 

(brs, 2H), 3.58 (br s, 2H), 6.82 (d, IH), 7.01 (d, IH), 7.12-7.28 (m, 4H), 7.58-7.62 

(m, 3H), 7.70 (t, IH), 8.02 (d, IH), 8.28 (d, IH), 8.35 (d, IH), 8.80 (br s, IH), 9.18 (d, 

IH); HPLC Purity: 97.00%; LCMS: 533 (M++l). 

N-(2-fluoro-4-(4-(3-phenylpropyi)piperazine-l-carbony!)phenyI)qumoline-8-

sulfonamide (XIV-48): 
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F j^j) 
1 Ks k ̂N.J 0 0 

0 

lH NMR (400 MHz, CDC13) 5: 1.77 (pentate, 2H), 2.20-2.42 (m, 6H), 2.62 (t, 2H), 

3.40 (br S, 2H), 3.60 (br s, 2H), 6.90 (d, IH), 7.01 (d, 1H), 7.12-7.30 (m, 4H), 7.58-

7.62 (m, 2H), 7.70 (t, IH), 8.02 (d, IH), 8.28 (d, IH), 8.37 (d, IH), 8.81 (br s, IH), 

9.18 (d, IH); HPLC Purity: 98.00%; LCMS: 533 (At+T), 

N-(2«methyl-4-(4-((3-(trifluoromethyl)pyridin-2-yl)methyl)piperazine-l-

carbonyl)phenyI)quinoHne-8-sulfonamide (XIV-49): 

0 

JLX 
i| '/ jl 

NMR (400 MHz, DMSO-dtf) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.14 (br s, 2H), 3.46 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.51 (t, IH), 7.62-7.77 (m, 2H), 8.17 (d, IH), 8.25 

(dd, 2H), 8.58 (d, IH), 8.78 (s, IH), 9.18 (s, IH), 9.39 (s, IH); HPLC Purity: 97.97%; 
LCMS: 592 (M++23). 

N-(2-methyI-4-(4-((4-(trifluoromethyI)pyridin-3-yi)methyl)piperazine-l-

carbonyJ)pheny!)quinoIine-8-suIfonamide (XIV-50): 

F 
F^ ̂ F 

H if 1 
s. / \ / \ / 

ff N 1 n ^ A N 1 
N k .Ok ̂  0 0 

0 

NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.46 (br s, 4H), 3.64 

(s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.62-7.77 (m, 3H), 8.20-8.30 (m, 2H), 8.56 (d, IH), 
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8.78 (s, 3H), 8.90 (s, IH), 9.18 (s, IH), 9.39 (br s, IH); HPLC Purity: 98.71 %; 

LCMS: 570 (At+1). 

N-(4-(4-((5-chloropyridin-3-yl)methyl)piperazine-I-carbonyl)-2-

methyIphenyl)quinoline-8-sulfonamide (XIV-51): 

'H NMR (400 MHz, DMSO-dd) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.26 (br s, 4H), 3.51 

(s, 2H), 6.98 (s, 2H), 7.06 (s, IH), 7.62-7.77 (m, 2H), 7.81 (s, IH), 8.25 (dd, 2H), 8.41 

(s, IH), 8.50 (s, IH), 8.58 (d, IH), 9.13 (s, IH), 9.39 (s, IH); HPLC Purity: 99.11%; 

LCMS: 536 (At). 

N-(4-(4-((3-fIiioropyridin-2-yl)methyl)piperazine-l-carbonyl)-2-
methylphenyl)quinoIine-8-suIfonamide (XIV-52): 

'H NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.37 (br s, 4H), 3.21 (br s, 2H), 3.46 

(br s, 2H), 3.64 (s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.37-7.41 (m, IH), 7.62-7.77 (m, 

3H), 8.22 (d, IH), 8.27 (d, IH), 8.36 (s, 3H), 8.58 (d, IH), 9.30 (s, IH), 9.38 (s, IH); 

HPLC Purity: 99.15%; LCMS: 520 (At+1). 

N-(4-(4-(cyclohexyIniethyl)piperazine-1-carbonyl)-2-melhylphenyl)quinoline-8-

sulfonamide (XIV-53): 
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era 
o 

*H NMR (400 MHz, DMSO-dtf) 5: 0.72-0.90 (m, 2H), 1.05-1.21 (m, 4H), 1.41 (br s, 

IH), 1.56-1.74 (m, 4H), 2.01 (s, 3H), 2.25 (br s, 5H), 3.20 (br s, 2H), 3.46 (br s, 2H), 

6.97 (s, 2H), 7.06 (s, IH), 7.62-7.77 (m, 2H), 8.25 (dd, 2H), 8.58 (d, IH), 9.18 (s, 1H), 

9.39 (br s, IH); HPLC Purity: 94.98%; LCMS: 507 (M^+l). 

N-(2-methyl-4-(4-(pyridin-3-ylmethyl)piperazine-l-carbonyI)phenyl)quinoUne-8-
sulfonamide (XIV-54): 

!H NMR (400 MHz, DMSO~d6) 5; 2.01 (s, 3H), 2.30 (br s, 4H), 3.41 (br s, 4H), 3.46 

(s, 2H), 6.97 (s, 2H), 7.06 (s, 1H), 7.31 (t, IH), 7.62-7.77 (m, 2H), 8.25 (dd, 2H), 8.42 

(s, 2H), 8.58 (d, IH), 9.18 (s, IH), 9.39 (s, IH); HPLC Purity: 96.73%; LCMS: 502 

(At+1). 

N-(2-methyl-4-(4-((l-phenylcyclopropyl)metliyl)piperazine-l-

carbonyl)phenyl)quinoIiiie-8-suIfonamide (XIV-55): 

lU NMR (400 MHz, DMSO-d6) 5: 0.65 (s, 2H), 0.78 (s, 2H), 2.01 (s, 3H), 2.36 (br s, 

4H), 2.63 (br s, 2H), 3.41 (br s, 4H), 6.97 (s, 2H), 7.06 (s, IH), 7.12 (t, IH), 7.20-7.28 
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(m, 4H), 7.62-7.77 (m, 2H), 8.25 (dd, 2H), 8.58 (d, IH), 9.18 (s, IH), 9.39 (s, IH); 

HPLC Purity: 96.19%; LCMS: 541 (M++l). 

N-(2-fluoro-4-(4-(3-fluorobenzyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (XIV-56): 

lH NMR (400 MHz, DMSO-d<5) 8: 2.45 (s, 4H), 3.56 (br s, 4H), 3.66 (s, 2H), 7.06-

7.26 (m, 4H), 7.28-7.39 (m, 2H), 7.62-7.79 (m, 3H), 8.21-8.36 (m, 2Ii), 8.57 (d, IH), 

9.18 (s, IH), 9..85 (s, IH); HPLC Purity: 93.25%; LCMS: 522.57 (M+), 

N-(4-(4-(3-chiorohenzyl)piperazine-l-carbonyl)-2-fluorophenyl)quinoline-8-

sulfonamide (XIV-57): 

'H NMR (400 MHz, DMSO-d6) §: 2.25 (s, 4H), 3.41 (br s, 4H), 3.47 ( s, 2H), 7.01-

7.09 (m, 2H), 7.22-7.36 (m, 5H), 7.61-7.78 (m, 2H), 8.21-8.38 (m, 2H), 8.55-8.60 (m, 

IH), 9.01 (s, IH), 9.9 (s, IH) HPLC Purity: 97.30%; LCMS: 539 (Af+). 

N-(4-(4-(2,4-dichlorobenzyl)piperazine-1-carbonyl)-3-methoxyplienyI)quinoline-

8-suIfonamide (XIV-58): 
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lH NMR (400 MHz, DMSO-d6) 5: 2.20-2.39 (m, 4H), 3.41 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H), 6.61-6.81 (m, 3H), 7.36-7.60 (m, 3H), 7.62-7.67 (m, 2H), 8.25 (d, IH), 

8.41-8.58 (m, 2H), 9.18 (s, !H),10.25(s, IH); HPLC Purity: 98.16%; LCMS: 585.50 

(AO. 

N-(4-(4-(3,5-dichlorobeuzyl)piperazine-l-carbonyI)-3-nielhoxyphenyI)quiiioline-

8-sulfonamide (XIV-59): 

'H NMR (400 MHz, DMSO-df5) 6: 2.20-2.39 (m, 4H), 3.26 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H) 6.61-6.85 (m, 3H), 7.26 (s, 2H), 7.45 (s, IH), 7.63-7.78 (m, 2H), 8.20-

8.60 (m, 3H), 9.18 (s, IH), 10.25 (s, IH); HPLC Purity: 97.92%; LCMS: 584.1 (M+). 

N-(4-(4-(3-ch!oro-4-f!uorobenzyf)piperazine-l-carbonyI)-3-

methoxyphenyS)quinolme-8~sulfonaimde (XIV-60): 

]H NMR (400 MHz, DMSO-d6) 8: 2.20-2.39 (m, 4H), 3.26 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H); 6.61-6.85 (m, 3H), 7.21-7.55 (rn, 3H), 7.62-7.75 (m, 2H), 8.21-8.60(m, 

3H), 9.18 (s, IH),10.25 (s, iH); HPLC Purity: 98.4%; LCMS: 569 [M+). 

N-(3-meUioxy-4-(4-(4-(tnfluorometliyi)benzy0piperazine-l-

carbonyl)pheiiyl)quinoline-8-sulfonamide (XIV-61): 
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F 0 0^ 

]H NMR (400 MHz, DMSO-d6) 8: 2.20-2.39 (m, 4H), 2.97 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H\ 6.61-6.85 (m, 3H), 7.42-7.58 (m, 2H), 7.61-7.78 (m, 4H), 8.21-8.60 (m, 

3H), 9.18 (s, 3H), 10.25 (s, IH); HPLC Purity: 99.24%; LCMS: 584.6 (M+). 

N-(4-(4-(3,4-dichIorobenzyl)piperazine-l-carbonyl)-3-melhoxyphenyl)q»inoSine-

8-suIfonamide (XIV-62): 

]H NMR (400 MHz, DMSO-d<5) 5: 2.08-2.39 (rn, 4H), 2.97 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H), 6.61-6.85 (m, 3H), 7.25 (d, 1H), 7.45-7.60 (m, 2H), 7.63-7.80 (m, 2H), 

7.62-7.77 £m, 3H), 8.2i~8.60(m, 3H), 9.18 (s, IH), 10.25 (s, IH), HPLC Purity: 

98.45%; LCMS: 585.50 (M+). 

N-(4-(4-(2-fluorobenzyI)piperazine-l-carbonyl)-3-methoxyphenyI)quinoline-8-

sulfonamide (XIV-63): 

]H NMR (400 MHz, DMSO-df5) 8: 2.08-2.39 (m, 4H), 2.97 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H), 6.61-6.85 (m, 3H), 7.06-7.45 (m, 4H), 7.71 (s, 2H), 8.21-8.60 (m, 3H), 

9.18 (s, IH), 10.25 (s, IH) HPLC Purity: 98.29%; LCMS: 534.8 (M+). 
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N-(4-(4-(2,4-difluorobenzyi)piperazine-l-carbonyl)-3-methoxyphenyl)quinoIine-
8-sulfonamide (XIV-64): 

N Jl V^N -V SCO 
0 ON. 

lH NMR (400 MHz, DMSO-d6) 5: 2.08-2.39 (m, 4H), 2.97 (br s, 4H), 3.46 (s, 2H), 

3.56 (s, 3H), 6.61-6.85 (m, 3H), 7.01-7.21 (m, 2H), 7.35-7.42 (m, IH), 7.62-7.78 (m, 

2H), 8.21-8.60 (m, 3H), 9.18 (s, IH), 10.25 (s, IH) HPLC Purity: 99.00%; LCMS: 

552.59 (M*). 

N-(4-(4-(2,3-dichiorobenzyl)piperazine-l-carboi]yI)-3-methoxyphei}yi)quiiiolme-

8-sulfonamide (X1V-65): 

lH NMR (400 MHz, DMSO-d<5) 5: 2.08-2.39 (m, 4H), 3.21 (br s, 4H), 3.46 (s, 2H)f 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.35-7.59 (m, 3H), 7.63-7.75 (m, 2H), 8.21-8.60 (m, 

3H), 9.18 (s, 1H), 10.25 (s, IH); HPLC Purity: 99.17%; LCMS: 585.50 (M+). 

N-(4-(4-(4-chloro-2-nuorobeiizyI)piperazine-l-carbonyI)-3-

methoxyphenyl)quinoline-8-sulfonamide (XIV-66): 

H iT^i 
.I\L 

J [ X NL C J ' If T 
0 Ox 
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'H NMR (400 MHz, DMSO-df5) 8: 2.08-2.39 (m, 4H), 3.25 (br s, 4H), 3.46 (s, 2H), 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.22-7.42 (m, 3H), 7.65-7.75 (m, 2H), 8.21-8.60 (m, 

3H), 9.18 (s, IH), 10.25 (s, IH); HPLC Purity: 91.3%; LCMS: 569 (M+). 

N-(4-(4-(2,3-difluorobenzyl)piperazine-l-carboiiyl)-3-methoxyphenyl)qumoIme-
8-sulfonamide (XIV-67): 

!H NMR (400 MHz, DMSO-d6) 8: 2.08-2.39 (m, 4H), 3.21 (br s, 4H), 3.46 (s, 2H), 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.12-7.40 (m, 3H), 7.65-7.75 (m, 2H), 8.21-8.62 (m, 

3H), 9.18 (s, IH), 10.25 (s, IH); HPLC Purity: 98.39%; LCMS: 552.5 (M+). 

N-(4-(4-(cyclopropylmethyl)piperazine-l-carbonyl)-3-methoxyphenyl)quinoIine-

8-suIfonamide (XIV-68): 

!H NMR (400 MHz, DMSO-d<5) 8: 0.10-0.15 (m, 2H), 0.70-0.82 (m, IH), 1.20-1.30 

(m, 2H), 2.02-2.42 (m, 6H), 2.90-3.05 (m, 4H), 3.63 (s, 3H), 6.61-6.85 (m, 3H), 7.65-

7.75 (m, 2H), 8.21-8.60 (m, 3H), 9.18 (s, IH), 10.25 (s, IH), HPLC Purity: 98%; 

LCMS: 480.5 (M+). 

N-(4-(4-((5-chioropyridin-3-yI)methyf)piperazine-l-carbonyI)-3-

methoxyphenyI)quinoline-8-suIfonamide (XIV-69): 
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CI 

JH NMR (400 MHz, DMSO-dtf) 5: 2.08-2.39 (m, 4H), 3.21 (br s, 4H), 3.46 (s, 2H), 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.62-7.83 (m, 3H), 8.21-8.60 (m, 5H), 9.18 (s, IH), 

10.25 (s,lH); HPLC Purity; 96.1 %; LCMS: 551 (M+). 

N-(4-(4-((3-fluoropyridin-2-yl)methyl)piperaziiie-l-carbonyl)-3-

methoxyphenyI)quinolme-8-sulfonamide (XIV-70): 

[H NMR (400 MHz, DMSO~d<5) 5: 2.08-2.39 (m, 4H), 3.21 (br s, 4H), 3.46 (s, 2H), 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.38-4.42 (m, IH), 7.61-7.78 (m, 3H), 8.21-8.60 (m, 

4H), 9.18 (s, IH),10.25 (s,lH); HPLC Purity: 99.54%; LCMS: 535.5 (ht). 

N-(3-methoxy-4-(4-((4-(lrifluoromethyl)pyridin-3-yI)methyl)piperazine-l-
carbonyI)phenyl)quinoline-8-sulfonamide (XIV-71): 

]H NMR (400 MHz, DMSO-d<5) 8: 2.08-2.39 (m, 4H), 3.15 (br s, 4H), 3.46 (s, 2H), 

3.61 (s, 3H), 6.61-6.85 (m, 3H), 7.62-7.77 (m, 3H), 8.21-8.60 (m, 3H), 8.70-8.90 (m, 

2H),9.18 (s, lH),10.25(s, IH); HPLC Purity: 98.48%; LCMS: 585.6 (AT). 

F 
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N-(3-methoxy-4-(4-((3-(trifluoromethyi)pyridin-2-yI)methyI)piperazine-l-

carbonyl)phenyl)quinoIine-8-sulfonamide (XIV-72): 

]H NMR (400 MHz, DMSO-dd) 6: 2.25 (br s, 4H), 2.85 (br s, 2H), 3.42 (br s, 2H), 

3.58 (s, 3H), 3.76 (br s, 2H), 6.60 (d, IH), 6.78 (s, IH), 6.92 (d, 1H), 7.46 (t, IH), 

7.63-7.70 (m, 2H), 8.18 (d, IH), 8.22 (d, IH), 8.37-8.45 (dd, 2H), 8.78 (d, IH), 9.18 

(s, IH), 10.29 (s, IH); HPLC Purity: 95.85%; LCMS: 586.1 (At + J). 

N-(4-(4-((3-methoxypyridin-2-yI)methyl)piperazme-l-earbonyI)-2-

methylphenyl)quinoIine-8-siilfonamide (XIV-73): 

]H NMR (400 MHz, DMSO~d(5) 5: 2.01 (s, 3H), 2.39 (br s, 4H), 3.46 (s, 4H), 3.61 (s, 

2H), 3.79 (st 3H), 6.97 (s, 2H), 7.06 (s, IH), 7.22-7.32 (s, IH), 7.39 (d, IH), 7.64-7.81 

(m, 2H), 8.12 (d, IH), 8.21-8.36 (m, 2H), 8.57 (d, IH), 9.18 (s, 1H), 9.39 (s, IH); 

HPLC Purity: 99.29%; LCMS: 532 (Ad+), 

N-(4-(4-((4-methoxypyridin-3-yl)methyl)piperazine-I-carboiiyl)-2-

methyiphenyl)quinoline-8-sulfonamide (XIV-74): 
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O 

!H NMR (400 MHz, DMSO-d6) S: 2.01 (s, 3H), 2.37 (br s, 4H), 3.46 (br s, 6H), 3.79 

(s, 3H), 6.97-7.06 (m, 3H), 7.10 (s, IH), 7.66-7.79 (m, 2H), 8.21-8.38 (m, 4H), 8.57 

(d, 1H), 9.16 (s, IH), 9.39 (s, IH); HPLC Purity: 98.22%; LCMS: 532 (MM). 

N-(4-(4-((5-fluoropyridin-3-yl)methyl)piperazine-l-carbonyl)-2-

methyIphenyI)quinoIine-8-suIfonamide (X1V-75): 

!H NMR (400 MHz, DMSO-d<5) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.25 (s, 4H), 3.58 (s, 

2H), 6.96 (s, 2H), 7.06 (s, 1H), 7.60-7.79 (m, 3H), 8.21-8.30 (m, 3H), 8.43 (s, 1H), 

8.57 (d, 1H\ 9.16 (s, IH), 9.39 (s, IH); HPLC Purity: 94.48%; LCMS: 520.3 (Af + 

D-

N-(4-(4-((5-fluoropyridin-3-yI)methyI)piperazine-l-carbonyl)-2-

methyIphenyi)qiiinoline-8-sulfonamide (XIV-76): 

NMR (400 MHz, DMSG-d(5) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.25 (s, 4H), 3.58 (s, 

2H), 6.96 (s, 2H), 7.06 (s, lH)f 7.42 (t, IH), 7.60-7.79 (m, 2H), 8.21-8.30 (m, 3H), 

8.46 (s, IH), 8.57 (d, IH), 9.16 (s, IH), 9.39 (s, IH); HPLC Purity: 99.87%; LCMS: 

520.3 (M+ + l). 

305 



WO 2011/002817 PCT/US2010/040486 

N-(4-(4-(2-fluoro-4-methoxybenzyl)piperazine-l-carboiiyl)-2-

inethylphenyl)quinoIine-8-sulfonamide (XIV-77): 

~0' xxo 
o 

'H NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.37 (br s, 4H), 3.25 (br s, 4H), 3.58 

(s, 2H), 3.76 (s, 3H), 6.65-6.78 (m, 2H), 6.96 (s, 2H), 7.06 (s, IH), 7.21 (t, IH), 7.61-

7.79 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.16 (s, IH), 9.39 (s, IH); HPLC 

Purity: 99.37%; LCMS: 549.3 (M+ + 1). 

N-(4-(4-((3-chloropyridin-4-yl)methyl)piperazine-l-carbonyl)-2-

methylphenyl)quinoline-8-sulfonamide (XIV-78): 

}H NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.37 (br s, 4H), 3.24 (br s, 4H), 3.59 

(br s, 2H), 6.97 (s, 2H), 7.06 (s, IH), 7.46 (d, IH), 7.62-7.77 (m, 2H), 8.21-8.30 (m, 

2H), 8.44 (d, IH), 8.52-8.60 (m, 2H), 9.16 (s, IH), 9.39 (s, IH); HPLC Purity: 

99.46%; LCMS: 536 (M+). 

N-(4-(4-(3-fluoro-4-methoxybenzyl)piperazine-l-carbonyl)-2-

methylphenyl)quinoline-8-suIfonamide (XIV-79): 
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lU NMR (400 MHz, DMSO~d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.25 (s, 4H), 3.58 (s, 

2H), 3.79 (s, 3H), 6.96-7.18 (m, 6H), 7.60-7.78 (m, 2H), 8.21-8.36 (m, 2H), 8.57 (d, 

IH), 9.16 (s, IH), 9.39 (s, IH); HPLC Purity; 99.01%; LCMS: 549.3 (At + J). 

N-(4-(4-(2,4-difluorobenzyI)piperazine-l-carboiiyl)-2-methoxyphenyl)quinoIine-
8-sulfonamide (XIV-80): 

*H NMR (400 MHz, DMSO-d<5) 8: 2.37 (br s, 4H), 3.31 (s, 6H), 3.56 (s, 3H), 6.75 (s, 

IH), 6.81 (d, IH), 7.05 (t, IH), 7.20 (t, IH), 7.37-7.42 (m, 2H), 7.66-7.79 (m, 2H), 
8.25 (d, 2H), 8.57 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 99.51%; LCMS: 

553 (At). 

N-(4-(4-(2,3-difluorobenzyl)piperazine-l-carbonyl)-2-methoxyp!ienyi)quinoline-

8-sulfonamide (XIV-81): 

!H NMR (400 MHz, DMSO-dd) 8: 2.37 (br s, 4H), 3.31 (br s, 6H), 3.58 (s, 3H), 6.75 

(s, IH), 6.81 (d, IH), 7.05-7.12 (m, 1H), 7.22-7.38 (m, IH), 7.41 (d, 1H), 7.66-7.79 

(m, 2H), 8.25 (d, 2H), 8.57 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 96.99%; 

LCMS: 553 (M+). 

N-(4-(4-(4-chloro-2-fluorobenzyl)piperazine-l-carbonyl)-2-

methoxyphenyl)quinoline-8-sulfonamide (XIV-82): 

307 



WO 2011/002817 PCT/US2010/040486 

lR NMR (400 MHz, DMSO-d6) 5: 2.37 (br s, 4H), 3.31 (s, 6H), 3.58 (s, 3H), 6.75 (s, 

IH), 6.81 (d, IH), 7.21 (d, IH), 7.33-7.44 (m, 3H), 7.66-7.79 (m, 2H), 8.25 (d, 2H), 

8.57 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 97.45%; LCMS: 553 (M+). 

N-(4-(4-(3,4-dichlorobenzy!)piperazine-l-carbonyl)-2-methoxyphenyl)quinoline-
8-sulfonamide (XIV-83): 

]H NMR (400 MHz, DMSO-d6) 5: 2.37 (br s, 4H), 3.31 (br s, 6H), 3.55 (s, 3H), 6.75 

(s, IH), 6.81 (d, IH), 7.23 (d, IH), 7.42 (d, IH), 7.55-7.61 (m, 2H), 7.66-7.79 (m, 

2H), 8.25 (d, 2H), 8.57 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 99.49%; 

LCMS: 585 (M+ ). 

N-(4-(4-(3,5-dichlorobenzyI)piperazine-l-carbonyl)-2-methoxypheny[)quinoiine-

8-sulfonamide (XIV-84): 

lH NMR (400 MHz, DMSO-d6) 5 2.37 (br s, 4H), 3.31 (br s, 6H), 3.55 (s, 3H), 6.75 

(s, IH), 6.81 (d, IH), 7.38 (s, IH), 7.42-7.50 (m, 3H), 7.66-7.79 (m, 2H), 8.25 (d, 2H), 

8.59 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 99.43%; LCMS: 585 (M+). 
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N-(4-(4-(2,4-dichlorobenzyl)piperazine-l-carbonyl)-2-methoxyphenyl)quinoline-

8-sulfonamide (XIV-85): 

'H NMR (400 MHz, DMSO-dtf) 8 2.37 (br s, 4H), 3.31 (br s, 4H), 3.41 (s, 2H), 3.57 

(s, 3H), 6.75 (s, IH), 6.81 (d, IH), 7.38-7.59 (m, 4H), 7.64-7.79 (m, 2H), 8.25 (d, 2H), 

8.59 (d, IH), 9.13 (s, IH), 9.21 (s, IH); HPLC Purity: 99.87%; LCMS: 585 (M+). 

N-(2-methoxy-4-(4-(2-phenylpropyl)piperazine-l-carbonyl)phenyl)quinoline-8-

sulfonamide (XIV-86): 

]H NMR (400 MHz, DMSOdtf) 5: 1.18 (d, 3H), 2,37 (br s, 4H), 2.41 (m, IH), 2.46 

(br s, 4H), 3.36 (br s, 2H), 3.41 (s, 3H), 6.75 (s, IH), 6.81 (d, IH), 7.16-7.36 (m, 5H), 

7.41 (d, IH), 7.62-7.77 (m, 2H), 8.24 (d, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.39 (s, IH); 

HPLC Purity: 99.41%; LCMS: 545 (M+). 

N-(2-inelhoxy-4-(4-(3-phenylpropyl)piperazine-l-carbonyl)plienyl)qiiinoline-8-

sulfonamide (XIV-87): 

H r-
0 

lH NMR (400 MHz, DMSO-d(5) 8: 1.65 (t, 2H), 2.27-2.38 (m, 6H), 2.52-2.58 (m, 

2H), 3.36 (br s, 6H), 3.41 (br s, 5H), 6.75 (s, IH), 6.81 (d, IH), 7.16-7.32 (m, 5H), 
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7.41 (d, IH), 7.62-7.77 (m, 2H), 8.24 (d, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.39 (s, IH); 

HPLC Purity: 99.69%; LCMS: 545 (AO-

N-(2-methoxy-4-(4-phenethylpiperazine-l-earbonyl)phenyl)qumoIine-8-

sulfonamide (XIV-88): 

*H NMR (400 MHz, DMSO-dfj) 8: 2.39 (s, 4H), 2.61-2.72 (m, 2H), 3.36 (br s, 6H), 

3.41 (s, 3H), 6.75 (s, IH), 6.81 (d, 1H), 7.16-7.32 (m, 5H), 7.41 (d, IH), 7.62-7.77 (m, 

2H), 8.24 (d, 2H), 8.57 (d, IH), 9.18 (s, 1H), 9.39 (s, IH); HPLC Purity: 99.41%; 

LCMS: 545 (M+ -f J). 

N-(4-(4-((5-fluoropyridin-2-yl)methyI)piperazine-l-carbonyI)-2-

methyiphenyl)quinoline-8-sulfonamide (XIV-89): 

'H NMR (400 MHz, DMSO-dr5) 8: 2.01 (s, 3H), 2.39 (br s, 4H), 3.31 (br s, 4H), 3.61 

(s, 2H), 6.98-7.08 (m, 3H), 7.44-7.56 (m, 2H), 7.62-7.79 (m, 3H), 8.21 -8.32 (m, 2H), 

8.41 (s, IH), 8.56-8.60 (m, IH), 9.16 (s, IH), 938 (s, IH); HPLC Purity: 99.82%; 
LCMS: 520 (M+ + /). 

N-(4-(4-(2,4-dimethoxybenzyl)piperazine-l-carhonyi)-2-rnethylphenyi)quinoline-
8-sulfonamide (XIV-90): 
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!H NMR (400 MHz, DMSO-df5) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.31 (br s, 4H), 3.42 

(s, 2H), 3.76 (s, 6H), 6.42 (d, IH), 6.52 (s, IH), 6.97-7.18 (m, 4H), 7.64-7.79 (m, 2H), 

8.21-8.36 (m, 2H), 8.59 (d, IH), 9.16 (s, 1H), 9.39 (s, IH); HPLC Purity: 94.33%; 

LCMS: 561 (M+ + 1). 

N-(4«(4-(2-fIuorobenzyl)piperazine-l-carbonyi)-2-methoxyphenyl)quinoiine-8-

sulfonamide (XIV-91): 

'H NMR (400 MHz, DMSO-d(5) 8: 2,37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 2H), 3.56 (s, 

3H), 6.79 (s, IH), 6.82 (d, IH), 7.15-7.19 (m, 4H), 7.21-7.44 (m, 3H), 8.24 (m, 2H), 

8.57 (d, IB), 9.18 (s, IH), 9.39 (s, IH); HPLC Purity: 97.44%; LCMS: 535 (M+). 

N-(4-(4-(3-chloro-4-fluorobenzyi)piperazine-l-carbonyl)-2-

metlioxyphenyi)quinoline-8-suIfonamide (XIV-92): 

XH NMR (400 MHz, DMSO~d(5) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 2H), 3.56 (s, 

3H), 6.79 (s, IH), 6.82 (d, IH), 7.21-7.45 (m, 4H), 7.62-7,78 (m, 2H), 8.24 (d, 2H), 

8.57 (d, IH), 9.16 (s, IH), 9.19 (s, IH); HPLC Purity: 99.19%; LCMS: 569 (At). 
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N-(4-(4-(2,3-dichlorobenzyl)piperazine-l-carbonyl)-2-methoxyphenyl)quinoline-

8-sulfonamide (XIV-93): 

H j |1 fW 
CI II 

0 1 

'H NMR (400 MHz, DMSO-dtf) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 2H), 3.59 (s, 

3H), 6.79 (s, IH), 6.82 (d, IH), 7.24-7.58 (m, 4H), 7.62-7.78 (m, 2H), 8.24 (d, 2H), 

8.57 (d, IH), 9.16 (s, IH), 9.19 (s, IH); HPLC Purity; 99.80%; LCMS: 585 (M*). 

N-(2-methoxy-4-(4-(pyridin-3-ylmethyl)piperazine-l-carbonyl)phenyl)quinoline-

8-sulfonamide (XIV-94): 

lB NMR (400 MHz, DMSO-dtf) 8: 2.37 (br s, 4H), 3.32 (s, 4H), 3.42 (s, 3H), 3.56 (s, 

2H), 6.79 (s, 1H), 6.82 (d, 1H), 7.30-7.46 (m, 2H), 7.62-7.79 (m, 3H), 8.24 (d, 2H), 

8.40-8.59 (m, 2H), 9.10 (s, IH), 9.19 (s, IH); HPLC Purity: 98.45%; LCMS: 518 (M+ 

+ 1). 

N-(4-(4-(3-chIorobenzyI)piperazine-l-carbonyI)-2-methoxyphenyi)quinoline-8-

sulfonamide (XIV-95): 

]H NMR (400 MHz, DMSO-d6) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 3H), 3.59 (s, 

2H), 6.79 (s, IH), 6.82 (d, IH), 7.21-7.44 (m, 5H), 7.62-7.78 (m, 2H), 8.24 (d, 2H), 

8.57 (d, IH), 9.16 (s, IH), 9.19 (s, IH); HPLC Purity: 98.92%; LCMS: 551 (M+). 
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N-(4-(4-(cyclopentylmetliyI)piperazine-l-carbonyI)-2-metlioxyphenyI)quinoline-

8-sulfonamide (XIV-96): 

*H NMR (400 MHz, DMSO-d6) 5: 1.15-1.19 (m, 2H), 1.40-1.71 (m, 6H), 2.01-2.05 

(m, IH), 2.30-2.37 (br s, 6H), 3.36 (s, 4H), 3.42 (s, 3H), 6.79 (s, IH), 6.82 (d, IH), 

7.41 (d, IH), 7.62-7.78 (m, 2H), 8.24 (d, 2H), 8.57 (d, IH), 9.12 (s, IH), 9.19 (s, IH); 

HPLC Purity: 99.58%; LCMS: 509 (M+ +/). 

N-(4-(4-(2,4-dimethoxybenzyI)piperazine-l-carbonyl)-2-
methoxyphenyI)quinoline-8-sulfonamide (XIV-97): 

lH NMR (400 MHz, DMSO-dd) 5: 2.37 (br s, 4H), 3.36 (br s, 6H), 3.42 (s, 3H), 3.78 

(s, 6H), 6.42-6.51 (m, 2H), 6.79 (st IH), 6.82 (d, IH), 7.41 (d, IH), 7.62-7.78 (m, 2H), 

8.24 (d, 2H), 8.57 (d, IH), 9.12 (s, 1H), 9.19 (s, IH); HPLC Purity: 96.10%; LCMS: 

577 (ht +7). 

N-(4-(4-(3,5-difluorobenzyl)piperazine-l-carbonyl)-2-melhoxyplienyI)quinoliiie-

8-suIfonamide (X1V-98): 
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*H NMR (400 MHz, DMSO-d(5) 6; 2.37 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.52 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 6.97-7.16 (m, 3H), 7.41 (d, IH), 7.62-7.80 (m, 2H), 

8.21-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.18 (s, IH); HPLC Purity: 99.30%; 

LCMS: 553 (At +1). 

N-(2-melhoxy«4-(4-((4-(trifliioromelhyl)pyridin-3-yl)melhyI)piperazine-l-

carbonyI)phenyI)quinoIine-8-sulfonamide (XIV-99): 

'H NMR (400 MHz, DMSO-d<5) 5: 2.37 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.62 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 6.97-7.16 (m, 3H), 7.41 (d, IH), 7.64-7.80 (m, 3H), 

8.21-8.30 (m, 2H), 8.57 (d, IH), 8.76 (d, IH), 8.84 (s, IH), 9.08 (s, IH), 9.18 (s, IH); 

HPLC Purity: 96.90%; LCMS: 586 (M+ +1). 

N-(4-(4-((5-fluoropyridin-2-yI)methyl)piperazine-l-carbonyl)-2-

methoxyphenyI)quinoline-8-sulfonamide (XIV-100): 

*H NMR (400 MHz, DMSO-df5) 5: 2.37 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.59 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 7.41-7.52 (m, 2H), 7.64-7.80 (m, 3H), 8.21-8.30 (m, 

2H), 8.41 (s, 2H), 8.57 (d, 2H), 9.08 (s, 1H), 9.18 (s, IH); HPLC Purity: 98.81%; 

LCMS: 536 (At+1). 

N-(2«methoxy-4-(4-((3-methoxypyridin-2-yl)methyI)piperazine-l-

carbonyl)pheny|)quinoIine-8-su!fonamide (XIV-101): 
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o 
JH NMR (400 MHz. DMSO-66) 5: 2.39 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.59 (s, 

2H), 3.79 (s, 3H), 6.78 (s, IH), 6.81 (d, IH), 7.21-7.43 (m, 3H), 7.64-7.80 (m, 2H), 

8.05 (s, IH), 8.24-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.18 (s, IH); HPLC Purity: 

99.08%; LCMS: 548 (M+ +i). 

N-(2-methoxy-4-(4-((4-methoxypyridUi-3-yl)methyl)piperazine-l-

carbonyI)phenyl)quiiioiine-8-sulfonamide (XIV-102): 

lH NMR (400 MHz, DMSO~d6) 5: 2.39 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.55 (s, 

2H), 3.81 (s, 3H), 6.78 (s, IH), 6.81 (d, IH), 7.01 (s, IH), 7.41 (s, IH), 7.64-7.80 (m, 

2H), 8.24-8.39 (m, 4H), 8.59 (d, 3H), 9.08 (s, 1H), 9.18 (s, IH); HPLC Purity: 

97.31%; LCMS: 548 (M+ +/). 

N-(4-(4-(cyclopentylmethyI)piperazine-l-carbonyl)~2-methyIphenyI)quinoline-8-

sulfonamide (XIV-103): 

*H NMR (400 MHz, DMSO-d<5) 5: 0.81-.84 (m, IH), 1.1-1.32 (m, 3H), 1.4-1.75 (m, 

5H), 2.1 (s, 3H), 2.12-2.4 (br s, 6H), 3.18-3.62 (br s, 4H), 6.9-7.14 (s, 3H), 7.62-7.77 
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(m, 2H), 8.21-8.35 (m, 2H), 8.57 (d, IH), 9.18 (s, 1H), 9.39 (s, IH); HPLC Purity: 

99.55%; LCMS: 493.3 (M++7). 

N-(4-(4-(4-fluorobenzyl)piperazine-l-carbonyi)-2-meihylphenyl)qumoIine-8-

sulfonamide (XIV-104): 

]H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.2-2.37 (br s, 4H), 3.18-3.34 (br s, 

2H), 3.42-3.59 (br s, 4H), 6.96 (s, 2H), 7.06-7.16 (m, 3H), 7.31 (t, 2H), 7.61.-7.79 (m, 

2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.16 (s, IH), 9.39 (s, IH); HPLC Purity: 

99.31%; LCMS: 519.3 (M+ +7). 

N-(4-(4-(4-methoxybenzyI)piperazine-l-carbonyl)-2-methyIphenyi)quinoline-8~ 

suifonamide (XIV-105): 

'H NMR (400 MHz, DMSO-d6) 5: 2.01 (s, 3H), 2.37 (br s, 4H), 3.18-3.28 (br s, 4H), 

3,46 (s, 2H), 3.71 (s, 3H), 6.82 (d, 2H), 6.96 (d, 2H), 7.06 (s, IH), 7.19 (d, 2H), 7.62-

7,77 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.18 (s, IH), 9.39 (s, IH); HPLC 

Purity: 94.41%. LCMS: 531.15 (M+ + J). 

N-(2-mefhyt-4-(4-((6-methyipyridin-2-yl)methyI)piperazine-l-

carbonyl)phenyi)quinoline-8-sulfonamide (XIV-106): 
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O 

lH NMR (400 MHz, DMSO-d<5) 6: 2.01 (s, 3H), 2.34 (br s, 4H), 2.39 (s, 3H), 3.21(br 

s, 4H), 3.58 (s, 2H), 6.97-7.16 (m, 4H), 7.21 (d, 2H), 7.62-7.77 (m, 3H), 8.21-8.34 (m, 

2H), 8.57 (d, IH), 9.18 (s, IH); HPLC Purity: 95.18%; LCMS: 516.35 (M+ +1). 

N-(2-methyl-4-(4-((tetrahydrofuran-3-yl)methyI)piperazme-l-

carbonyI)pbenyl)qumoline-8-sulfonamide (XIV-107): 

'H NMR (400 MHz, DMSO-d<5) 6: 0.82-.84 (m, IH), 1.22 (s, 2H), 1.42-1.58 (br s, 

IH), 1.82-1.96 (m, IH), 2.04 (s, 3H), 2.21-2.31 (rn, 5H), 3.16-3.51 (br s, 5H), 3.72-

3.85 (m, 2H), 6.97-7.04 (m, 3H), 7.62-7.77 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 

9.18 (s, IH), 9.39 (s, IH); HPLC Purity; 98.714%; LCMS: 495.35 (M* +-0-

N-(4-(4-(cycIopropylmethyl)piperazine-l-carbonyl)-2-raelhoxyphenyI)quinoIine-

8-sulfonamide (XIV-108): 

lH NMR (400 MHz, DMSO-d6) 8: 0.21 (s, 2H), 0.41 (s, 2H), 0.91 (br s, IH), 2.12 (s, 

2H), 2.39 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 6.78 (s, IH). 6.81 (d, 1H), 7.41 (d, 

IH), 7.62-7.82 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.19 (s, IH); 

HPLC Purity: 99.74%; LCMS: 481 (M+ + J). 
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N-(4-(4-(4-chlorobenzyl)piperazine-l-carbonyl)-2-methoxyphenyi)quinoHne-8-

sulfonamide (X1V-109): 

H [T^l 
•V / — y ̂  ̂ Ns /L 

fl ^1^ N 1 ft N } jj 't ii 
cK I .N. JL 0 O uJ cK N 

11 
0 1 

'H NMR (400 MHz, DMSO-dd) 8: 2.31 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.44 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 7.21-7.43 (m, 5H), 7.62-7.78 (m, 2H), 8.21-8.30 (m, 

2H), 8.55 (d, IH), 9.08 (s, IH), 9.19 (s, IH); HPLC Purity: 94.85%; LCMS: 551 (it). 

N-(2-methoxy-4-(4-(4-(trifluoromethyI)benzyI)piperazine-l-

carbonyl)phenyl)q«lnoline-8-suifonaniide (XIV-110): 

XH NMR (400 MHz, DMSO-d<5) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.41, (s, 3H), 3.59 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 7.41-7.56 (m, 3H), 7,62-7.78 (m, 4H), 8.21-8.30 (m, 

2H), 8.58 (d, IH), 9.08 (s, IH), 9.19 (s, IH); HPLC Purity: 98.62%; LCMS: 585 (At 

+J>. 

N-(2-methoxy-4-(4-(4-methoxybenzyl)piperazine-l-carbonyl)phenyl)quinolme-8-

sulfonamide (XJV-111): 

H f Q
 O
 

/ -a/ 
0 

*H NMR (400 MHz, DMSO-d(5) 8: 2.35 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.43 (s, 

2H), 3.66 (s, 3H), 6.76-6.90 (m, 4H), 7.19 (d, 2H), 7.41 (s, IH), 7.62-7.78 (m, 2H), 
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8.21-8.30 (m, 2H), 8.58 (d, 1H), 9.05 (s, IH), 9.19 (s, IH); HPLC Purity: 97.73%; 
LCMS: 547 (M+ +2). 

N-(4-(4-((5-chloropyridin-3-yl)methyl)piperazine-l-carbonyI)-2-

methoxyphenyI)quinoIine-8-sulfonamide (XI V-112): 

"H NMR (400 MHz, DMSO-d6) 8: 2.31 (br s, 4H), 3.37 (s, 4H), 3.41 (s, 3H), 3.55 (s, 

2H), 6.78 (s, IH), 6.81 (d, IH), 7.41 (d, IH), 7.62-7.82 (m, 3H), 8.21-8.30 (m, 2H), 

8,41-8.61 (m, 3H), 9.05 (s, IH), 9.19 (s, IH); HPLC Purity: 99.46%; LCMS: 553 

(M+ + 7). 

N-(4-(4-((3-fluoropyridin-2-yI)methyI)piperazine-I-carbonyI)-2-

methoxyphenyI)quinoIine-8-suIfonamide (XIV-113): 

!H NMR (400 MHz, DMSO-d6) 8 2.39 (br s, 4H), 3.37 (s, 4H), 3.41 (s, 3H), 3.61 (s, 

2H), 6.78 (s, 1H), 6.81 (d, IH), 7.41-7.45 (m, 2H), 7.62-7.80 (m, 4H)f 8.21-8.39 (m, 

3H), 8.59 (s, IH), 9.18 (s, IH); HPLC Purity: 96.15%; LCMS: 536 (M+). 

N-(2-metho*'y-4-(4-((3-(trifluoromelhyI)pyridm-2-yl)methyl)piperazme-l-

carbonyI)phenyI)quinoline-8-suIfonamide (XIV-114): 
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JH NMR (400 MHz, DMSO-d6) 5: 2.39 (br s, 4H), 3.37 (s, 4H), 3.43 (s, 3H), 3.70 (s, 

2H), 6.78 (s, 1H), 6.81 (d, IH), 7.41-7.59 (m, 2H), 7.64-7.80 (m, 2H), 8.18 (d, IH), 

8.24-8.29 (m, 2H), 8.59 (d, IH), 8.79 (d, IH), 9.08 (s, IH), 9.18 (s, IH); HPLC 

Purity: 99.41%; LCMS: 586 (ht + 7). 

N-(4-(4-((3-fluoropyridin-4-yI)methyI)piperazme-l-carbonyl)-2-

methoxyphenyI)quinoline-8-sulfonamide (XIV-115): 

SH NMR (400 MHz, DMSO-d6) 5: 2.45 (s, 4H), 3.47 ( s, 414), 3.56 (s, 3H), 3.61 (s, 

2H), 6.72-6.85 (m, 2H), 7.38-7.42 (m, 2H), 7.62-7.81 (m, 2H), 8.21-8.40 (m, 3H), 

8.57 (d, 2H), 9.08 (s, IH), 9.21 (s, IH); HPLC Purity: 99.2%; LCMS: 535 (ht). 

N-(4-(4-((5-fluoropyridin-3-yl)methyI)piperazine-l-carbonyI)-2-

methoxyphenyl)quinoline-8-suIfonamide (XIV-116): 

F. 
H f^\ ^ A J*. 

rf *N i rr i 1 //\V II 
O O NL ^ 

N 
0 

'H NMR (400 MHz, DMSO-d<5) 5: 2.45 (s, 4H), 3.47 (s, 4H), 3.56 (s, 3H), 3.61 (s, 

2H), 6.72-6.85 (m, 2H), 7.42 (d, IH), 7.58-7.81 (m, 3H), 8.21-8.40 (m, 3H), 8.57 (d, 

2H), 9.08 (s, IH), 9.21 (s, IH); HPLC Purity: 99.8%; LCMS: 535 (M+). 
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N-(4-(4-(cyclohexylmethyl)piperazine-l-carbonyl)-2-methoxyphenyl)quinoHne-8-
sulfonamide (XIV-117): 

lH NMR (400 MHz, DMSO-d<5) 8: 0,70-0.84 (m, 2H), 1.01-1.21 (m, 3H), 1.35-1.42 

(m, IH), 1.61-1.74 (m, 5H), 2.02 (d, 2H), 2.25 (br s, 4H), 3.47 (s, 2H), 3.56 (s, 3H), 

3.61 (s, 2H), 6.65-6.82 (m, 2H), 7.42 (d, IH), 7.65-7.80 (m, 2H), 8.35 (d, 2H), 8.60 

(d, IH), 9.08(s, 1H),9.19 (d,lH); HPLC Purity: 99.7%; LCMS: 522 (M+). 

N-(4-(4-((2-methoxypyridin-3-yl)methyl)piperazine-l-carbosiyl)-2-

metliylphenyl)quinoline-8-sulfonaniide (XIV-118): 

lH NMR (400 MHz, DMSO-d<5) 8: 2.01 (s, 3H), 2.37 (br s, 4H), 3.46 (s, 4H), 3,56 (s, 

2H), 3.86 (s, 3H), 6.96-7.02 (m, 3H), 7.61-7.79 (m, 3H), 8.0 (d, IH), 8.22-8.35 (m, 

2H), 8.58 (d, IH), 9.15 (s, IH), 9.35 (s, IH); HPLC Purity: 97.2%; LCMS: 531 (Af+). 

N-(3-methoxy-4-(4-(pyridm-3-ylmethyl)piperazme-l-carbonyI)phenyl)quinoline-

8-suIfonamide (XIY-119): 
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]U NMR (400 MHz, DMSO-dd) 5: 2.03-2.38 (s, 4H), 2.97 (br s, 2H), 3.46 (s, 4H), 

3.56 (s, 3H), 6.65-6.97 (m, 3H), 7.36 (m, IH), 7.63-7.78 (m, 3H), 8.20-8.58 (m, 5H), 

9.18 (s, IH), 10.25 (s, IH); HPLC Purity: 99.09%; LCMS: 517.6 (M+). 

N-(4-(4-(3,5-difIuorobenzyl)piperazine-l-carbonyl)-3-melhoxyphenyI)quinoIine-

8-suIfonamide (XIV-120): 

'H NMR (400 MHz, DMSO-dtf) 8: 2.31 (br s, 4H), 3.02 (br s, 2H), 3.46 (br s, 4H), 

3.59 (s, 3H), 6.81 (d, IH), 6.78 (s, 1H), 6.85 (d, IH), 7.06-7.18 (m, 3H), 7.73-7.76 

(m, 2H), 8.24 (d, IH), 8.42-8.58 (m, 2H), 9.18 (s, 3H), 10.28 (s, IH); HPLC Purity: 

99.20%; LCMS: 553 (M+ +J). 

N-(4-(4-(4-chlorobenzyl)piperazine-l-carbonyl)-3~methoxyphcnyl)quinoline-8-

sulfonamide (XIV-121): 

X rc 9 X II 
0 

1 
/O 

lH NMR (400 MHz, DMSO-d(5) 8: 2.36 (br s, 4H), 3.37 (s, 4H), 3.42 (s, 3H), 3.46 (s, 

2H), 6.78 (s, IH), 6.83. (d, IH), 7.24-7.43 (m, 5H), 7.62-7.78 (m, 2H), 8.21-8.30 (m, 

2H), 8.57 (d, IH), 9.08 (s, IH), 9.19 (s, IH); HPLC Purity: 95.65%; LCMS: 551 

(M+). 

N-(4-(4-((5-fIuoropyridin-3-yl)methyl)piperazine-1-carbonyl)-3-

methoxyphenyI)quinoline-8-suIfonamide (XIV-122): 
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iH NMR (400 MHz, DMSO-d(>) 5: 2.19 (s, 2H), 2.25 (br s, 2H), 2.95 (br s, 2H), 3.52 

(d, 5H), 6.61 (d, IH), 6.78 (s, 1H), 6.83 (d, IH), 7.60 (d, IH), 7.70-7.79 (m, 2H), 8.28 

(d, IH), 8.34 (s, 1H), 8.39-8.48 (m, 3H), 9.J 6 (d, IH), 10.30 (s, IH); HPLC Purity: 

99.58%; LCMS: 536 

N-(4-(4-((3-fluoropyridin-4-yl)methyl)piperazine-l.-carbonyl)-3-

methoxyphenyl)quinoiine-8-sulfonamide (XIV-123): 

JH NMR (400 MHz, DMSO-d6) 5: 2.21 (br s, 2H), 2.30 (br s, 2H), 3.00 (br s, 2H), 

3.58 (d, 5H), 6.61 (d, IH), 6.78 (s, 1H), 6.84 (d, 1H), 7.44 (t, IH), 7.70-7.79 (m, 2H), 

8.28 (d, IH), 8.40 (d, IH), 8.44 (dt 2H), 8.51 (s, 2H), 9.16 (d, 1H), 10.30 (s, IH); 

HPLC Purity: 90.34%; LCMS: 536 

N-(4-(4-((5-fluoropyridin-2-yl)methyI)piperazine-l-carbonyI)-3-

methoxyphenyI)quinoIine-8-suIfonamide (XIV-J124): 

]H NMR (400 MHz, DMSO-d6) 5: 2.19 (br s, 2H), 2.25 (br s, 2H), 2.95 (br s, 2H), 

3.41 (br s, 2H), 3.58 (s, 3H), 6.61 (d, 1H), 6.78 (s, IH), 6.83 (d, IH), 7.47 (t, IH), 
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7.60-7.78 (m, 2H), 8.24 (d, IH), 8.39-8.48 (m, 3H), 9.16 (d, IH), 10.30 (s, IH); 

HPLC Purity: 99.57%; LCMS: 536 (At+J). 

N-(4-(4-(3-fluorobenzyl)piperazine-l-carbonyl)-3-meihoxyphenyl)quinoline-8-

suifonamide (XIV-125): 

'H NMR (400 MHz, DMSO-d(5) 5: 2.19 (br s, 2H), 2.25 (br s, 2H), 2.95 (br s, 2H), 

3.42 (s, 2H), 3.52 (s, 3H), 6.60 (d, IH), 6.78 (s, IH), 6.82 (d, IH), 7.00-7.16 (m, 3H), 

7.30 (q, 1H), 7.64-7.71 (m, 2H), 8.28 (d, IH), 8.34 (s, IH), 8.38 (d, 1H), 9.16 (d5 IH), 

10.30 (s, IH); HPLC Purity: 99.82%; LCMS: 535 (At+1). 

N-(4-(4-(3-chlorobenzyI)piperazine-l-carbonyl)-3-methoxyphenyl)quinoline-8-

sulfonamide (XIV-126): 

lR NMR (400 MHz, DMSO-d(5) 5: 2.1.9 (br s, 2H), 2.25 (br s, 2H), 2.97 (br s, 2H), 

3.42 (s, 2H), 3.52 (s, 3H), 6.61 (d, IH), 6.78 (s, lH),6.82(d, IH), 7.24 (d, IH), 7.28-

7.37 (m, 2H), 8.28 (d, IH), 8.39 (s, IH), 8.50 (d, IH), 9.16 (d, IH), 10.30 (s, IH); 

HPLC Purity: 99.53%; LCMS: 551 (At). 

N-(3-methoxy-4-(4-(4-meihoxybenzyl)piperazine-l-carbonyl)phenyI)quinoline-8-

sulfonamide (XIV-127): 

pro 
CI O /O 
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NMR (400 MHz, DMSO-d6) 8: 2.19 (br s, 2H), 2.25 (br s, 2H), 2.97 (br s, 2H), 

3.31 (br s, 2H), 3.59 (s, 2H), 3.63 (s, 3H), 6.61 (d, IH), 6.78 (s, IH), 6.82 (d, 3H), 

7.12-7.21 (m, 2H), 7.62-7.70 (m, 2H), 8.28 (d, IH), 8.39 (s, IH), 8.50 (d, IH), 9.16 

(d, 1H), 10.26 (s, 114); HPLC Purity: 90.80%; LCMS: 546 {M++l). 

N-(4-(4-(2,4-dimethoxybenzyl)piperazine-l-carbonyl)-3-

methoxyphenyl)quinoline-8-sulfonamide (XIV-128): 

H rr N . 1 rr I 1 0/N° 
0^ ̂ o x T 1 O 

!H NMR (400 MHz, DMSO-dtf) 8: 2.25 (br s, 2H), 2.97 (br s, 2H), 3.42 (br s, 4H), 

3.59 (s, 2H), 3.63 (s, 3H), 3.73 (s, 6H), 6.45 (d, IH), 6.50 (s, IH), 6.64 (d, IH), 6.78 

(s, IH), 6.82 (d, 1H), 7.12 (d, IH), 7.65-7.72 (m, 2H), 8.28 (d, IH), 8.40 (s, IH), 8.50 

(d, IH), 9.16 (d, 114), 10.26 (s, IH); HPLC Purity: 99.78%; LCMS: 577 (M++l), 

N-(4-(4-(cydohexylmetbyl)piperazine-l-carbonyl)-3-niethoxyphenyl)quinoIine-8-
sulfonamide (XIV-129): 

CXOv 9 
H 

-NxVSi 0 0 N^J 
II 
0 

1 

lH NMR (400 MHz, DMSO-dfj) 8: 0.78 (q, 2H), 1.11 (d, 2H), 1.40 (br s, IH), 1.54-

1.71 (m, 2H), 1.99-2.30 (m, 8H), 2.90 (br s, 4H), 3.45 (d, IH), 3.59 (s, 3H), 3.70 (s, 

IH), 6.61 (d, IH), 6.76 (s, IH), 6.82 (d, 3H), 7.62-7.70 (m, 2H), 8.28 (d, IH), 8.40 (s, 
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IH), 8.47 (m, IH), 9.10(d, IH), 10.26 (s, IH); HPLC Purity; 98.50%; LCMS: 546 
(JW++/). 

N-(3-methoxy-4-(4-((3-methoxypyridin-2-yl)melhyI)piperazine-l-

carbonyl)plienyl)quinoline-8-sulfonamide (XIV-130): 

*H NMR (400 MHz, DMSO-d6) 5; 2.22 (br s, 2H), 2.38 (br s, 2H), 2.87 (br s, 4H), 

3.41 (s, 3H), 3.59 (br s, 5H), 3.73 (s, 2H), 6.76 (s, IH), 6.82 (d, IH), 7.21 (s, IH), 7.40 

(d, IH), 7.62-7.69 (m, 2H)f 8.03 (s, IH), 8.27 (d, 1H), 8.39 (s, IH), 8.50 (m, IH), 9.10 

(d, IH), 10.23 (s, IH); HPLC Parity: 99.86%; LCMS: 548 (M++7). 

N-(3-methoxy-4-(4-((4-methoxypyridin-3-yI)methyl)piperaz!ne-l-
carbonyl)phenyl)quinoHne-8-sulfonamide (XIV-131): 

lB NMR (400 MHz, DMSO-d6) 5: 2.22 (br s, 2H), 2.38 (br s, 2H), 2.90 (br s, 4H), 

3.41 (s, 3H), 3.55 (s, 3H), 3.80 (s, 2H), 6.60 (d, IH), 6.72 (s, IH), 6.82 (d, IH), 7.00 

(d, IH), 7.62-7.69 (m, 2H), 8.29 (s, 2H), 8.35 (d, IH), 8.39 (s, IH), 8.50 (m, IH), 9.10 

(d, IH); HPLC Purity: 92.30%; LCMS: 548 (M4*/). 

N-(4-(4-(4-fluorobenzyI)piperazme-l-carbonyI)-3-methoxyphenyI)qusnoHne-8-

sulfonamide (XIV-132): 

326 



WO 2011/002817 PCT/U S2010/040486 

F 
O 

NMR (400 MHz, DMSO-d6) 8: 2.19 (br s, 2H), 2.25 (br s, 2H), 2.95 (br s, 4H), 

3.42 (s, 2H), 3.52 (s, 3H), 6.60 (d, IH), 6.78 (s, IH), 6.82 (d, IH), 7.10 (t, 2H), 7.23 

(t, 2H), 7.63-7.71 (m, 2H), 8.25 (d, IH), 8.40 (d, IH), 8.48 (d, 1H), 9.16 (d, IH), 

10.30 (s, IH); HPLC Purity: 99.62%; LCMS: 535 

N-(4-(4-((3-chloropyridm-4-yI)methyI)piperazine-l-carbonyI)-3-

methoxyphenyl)quinoline-8-sulfonamide (X1V-133): 

lH NMR (400 MHz, DMSO-d(5) 8: 2.24 (br s, 2H), 2.25 (br s, 2H), 2.95 (br s, 4H), 

3.58 (s, 5H), 6.61 (d, IH), 6.74 (s, IH), 6.83 (d, IH), 7.47 (d, 1H), 7.63-7.72 (m, 2H), 

8.23 (d, 1H), 8.39-8.49 (m, 3H), 8.54 (s, IH), 9.16 (d, IH), 10.30 (s, IH); HPLC 

Purity: 98.63%; LCMS: 552 (M+). 

N-(3-niethoxy-4-(4-((tetrahydrofuran-3-yl)methyl)piperaziiie-l-

carbonyl)pheiiyI)quinoline-8-suIfonamide (XIV-134): 

]H NMR (400 MHz, DMSO-d6) 8: 1.42 (m, 2H), 1.83 (m, 2H), 2.19 (d, 2H), 2.24-

2.39 (m, 4H), 2.95 (br s, 4H), 3.48 (d, IH), 3.56 (s, 3H), 3.63 (q, 2H), 6.60 (d, IH), 

6.76 (s, IH), 6.81 (d, IH), 7.63-7.70 (m, 2H), 8.24 (d, 1H), 8.40 (d, IH), 8.50 (d, IH), 

9.10 (d, IH), 10.26 (s, IH); HPLC Purity: 98.40%; LCMS: 511 
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N-(3-methoxy-4-(4-((2-methoxypyridin-3-yl)methyI)piperazine-l-

carbonyl)phenyl)qumoiine-8-suIfonamide (XIV-135): 

o 
lB NMR (400 MHz, DMSO-dtf) 5: 2.22 (br s, 2H), 2.38 (br s, 4H), 2.90 (br s, 4H), 

3.41 (s, 3H), 3.55 (s, 3H), 3.80 (s, 2H), 6.61 (d, IH), 6.75 (s, IH), 6.82 (d, IH), 6.97 

(t, IH), 7.60-7.73 (m, 3H), 8.02 (s, IH), 8.27 (d, IH), 8.39 (s, IH), 8.50 (m, IH), 9.10 

(d, IH), 10.28 (s, IH); HPLC Purity: 99.85%; LCMS: 548 (At+1). 

N-(3-methoxy-4-(4-((5-(trifluoromethyl)pyridin-2-yI)methyl)piperazine-l-

carbonyl)phenyl)quinoline-8-siilfonamide (XIV-136): 

JH NMR (400 MHz, DMSO-d6) 5 2.22 (br s, 2H), 2.38 (br s, 2H), 2.99 (br s, 4H), 

3.58 (s, 3H), 3.67 (s, 2H), 6.61 (d, IH), 6.74 (s, 1H), 6.82 (d, IH), 7.62-7.73 (m, 3H), 

8.19 (d, IH), 8.26 (d, IH), 8.d, IH), 8.50 (m, IH), 8.82 (s, IH), 9.10 (d, IH), 10.30 (s, 

IH); HPLC Purity: 94.67%; LCMS: 586 (M++l). 

N-(4-(4-(cyclopenlySmethyl)piperazine-l-carbonyl)-3-methoxyphenyl)quinoIine-

8-sulfonamide (XIV-137): 
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*H NMR (400 MHz, DMSO-d6) 8: 1.10 (sextet, 2H), 1.38-1.50 (m, 3H), 1.55-1.61 

(m, 3H), 1.99 (pentet, IH), 2.07 (d, 2H), 2.30 (br s, 4H), 2.90 (br s, 4H), 3.59 (s, 3H), 

6.60 (d, IH), 6.72 (s, IH), 6.82 (d, IH), 7.62-7.69 (m, 2H), 8.25 (s, IH), 8.40 (d, IH), 

8.47 (d, IH), 9.10 (d, IH), 10.24 (s, IH); HPLC Purity: 99.86%; LCMS: 509 

(At+1). 

N-(4-(4-(2-fluoro-4-methoxybenzyl)piperazine-l~carbonyl)-3-

methoxyphenyI)quinoline-8-sulfonamide (XIV-138): 

H |T^ .N. JL 1. a lu I 9 a ' If 9 
0 Ox 

'H NMR (400 MHz, DMSO-dtf) 8: 2.20 (br s, 2H), 2.35 (br s, 2H), 2.90 (br s, 4H), 

3.41 (s, 3H), 3.60 (s, 3H), 3.78 (s, 2H), 6.61 (d, IH), 6.70-6.80 (m, 2H), 6.84 (d, IH), 

7.22 (t, IH), 7.70-7.80 (in, 2H), 8.26 (d, IH), 8.42 (d, IH), 8.50 (d, IH), 9.16 (s, IH), 

10. 28 (s, IH); HPLC Purity: 90.48%; LCMS; 565 (M++l). 

N-(4-(4-(3-fluoro-4-inethoxybenzyl)piperazHie-l-carbonyl)-3-

metlioxyphenyl)quinoline-8-sulfonamide (XIV-139): 

!H NMR (400 MHz, DMSO~dC) 8: 2.20 (br s, 2H), 2.35 (br s, 2H), 2.97 (br s, 4H), 

3.42 (s, 3H), 3.59 (s, 3H), 3.82 (s, 2H), 6.61 (d, IH), 6.80 (s, IH), 6.84 (d, IH), 7.02-

7.18 (m, 3H), 7.70-7.80 (m, 2H), 8.26 (d, IH), 8.42 (d, IH), 8.50 (d, IH), 9.16 (s, 

IH), 10. 28 (s, IH); HPLC Purity: 99.65%; LCMS: 565 (At+1). 

N-(4-(4-(4-fluorobenzyl)piperaziiie-l-carbonyl)-2-methoxyphenyI)quinoiine-8-

sulfonamide (XIV-140): 
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F 
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lH NMR (400 MHz, DMSO-d(5) 5: 2.24 (br s, 4H), 3.20-3.45 (m, 6H), 3.61 (s, 3H), 

6.77 (s, IH), 6.82 (d, IH), 7.21 (t, 2H), 7.28 (t, 2H), 7.40 (d, IH), 7.65-7.77 (m, 2H), 

8.26 (d, 2H), 8.56 (d, IH), 9.07 (s, IH), 9. 20 (s, IH); HPLC Purity: 95.43%; LCMS: 

535 (At+1). 

N-(2-methoxy-4-(4-((tetrahydrofuran~3-yi)methyl)piperazine-l-

carbonyI)pheny!)quino!ine-8-sulfonamide (XIV-141): 

*H NMR (400 MHz, DMSO-d<5) 8: 1.45 (m, 2H), 1.86 (m, 2H), 2.20 (d, 2H), 2.24-

2.39 (m, 4H), 2.95 (br s, 4H), 3.48 (d, IH), 3.56 (s, 3H), 3.63 (q, 2H), 6.79 (s, IH), 

6.83 (d, IH), 7.42 (d, IH), 7.70-7.80 (m, 2H), 8.42 (d, 2H), 8.59 (d, IH), 9.04 (br s, 

IH), 9.18 (s, IH); HPLC Purity: 98.88%; LCMS: 511 (At+1). 

N-(4-(4-(4-chloro-3-fiuorobenzyl)piperaziiie-l-carbonyi)-2-

methoxyphenyl)quinoline-8-sulfonamide (XIV-142): 

I Q J 

[H NMR (400 MHz, DMSO~d6) 5: 2.37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 3H), 3.56 (s, 

2H), 6.78 (s, IH), 6.84 (d, IH), 7.18 (s, IH), 7.31-7.56 (m, 3H), 7.63-7.81 (m, 2H), 

Ci 
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8.24-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.19 (d, IH); HPLC Purity: 97.47%; 

LCMS: 569 (At). 

N-(4-(4-((3-chIoropyridin-4-yl)metliyI)piperazine-l-carbonyl}-2-

methoxyphenyl)quinoIine-8-sulfonamide (XIV-143): 

}H NMR (400 MHz, DMSO-d6) 8: 2.41 (br s, 4H), 3.36 (s, 4H), 3.44 (s, 3H), 3.60 (s, 

2H), 6.78 (s, IH), 6.82 (d, IH), 7.41-7.51 (m, 2H), 7.65-7.80 (m, 2H), 8.22-8.30 (m, 

2H), 8.42-8.58 (m, 3H), 9.08 (s, IH), 9.18 (d, IH); HPLC Purity: 99.17%; LCMS: 

552 (M+). 

N-(4-(4-(3-fluorobenzyl)piperazine-l-carbonyl)-2-methoxyphenyl)quinolirie-8-
sulfonamide (XIV-144): 

'H NMR (400 MHz, DMSO-df5) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.42 (s, 3H), 3.56 (s, 

2H), 6.78 (s, IH), 6.84 (d, IH), 7.18 (s, IH), 7.31-7.56 (m, 3H), 7.63-7.81 (m, 2H), 

8.24-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.19 (d, IH); HPLC Purity: 97.47%; 

LCMS: 535 (At). 

N-(2-methoxy-4-(4-((2-methoxypyridin-3-yl)metliyl)piperaziiie-l-

carbonyI)phenyI)quinoiine-8-suIfonamide (XIV-145): 
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'H NMR (400 MHz, DMSO-d6) 8: 2.37 (br s, 4H), 3.36 (s, 4H), 3.41 (s, 3H), 3.46 (s, 

2H), 3.81 (s, 3H), 6.78 (s, IH), 6.81 (d, IH), 6.97-7.01 (m, IH), 7.41 (d, IH), 7.62-

7.78 (m, 3H), 8.01 (d, IH), 8.21-8.30 (m, 2H), 8.57 (d, 1H), 9.08 (s, IH), 9.1.9 (d, 

IH); HPLC Purity: 99.95%; LCMS: 548 (M+). 

N-(2-methoxy-4-(4-(l-phenyIethyl)piperazine-l-carbonyI)phenyI)quinoIine-8-

sulfonamide (XIV-146): 

!H NMR (400 MHz, DMSO-d(5) 8: 1.21 (d, 3H), 2.37 (br s, 4H), 3.36-3.41 (m, 8H), 

6.71 (s, IH), 6.78 (d, 1H), 7.11-7.29 (m, 5H), 7.36 (d, IH), 7.60-7.76 (m, 2H), 8.21-

8.30 (m, 2H), 8.48 (d, IH), 9.01 (s, IH), 9.12 (s, IH); HPLC Purity: 95.62%; LCMS: 

531 (M+ +7). 

N-(2-methoxy-4-(4-((l-phenylcyclopropyl)methyl)piperazine-l-

carbonyl)phenyl)quinoline-8-su!fonamide (X1V-147): 

*H NMR (400 MHz, DMSO-d<5) 8: 0.06 (s, 2H), 0.08 (s, 2H), 2.37 (br s, 4H), 3.16 (s, 

4H), 3.41 (br s, 5H), 6.78 (s, IH), 6.81 (s, IH), 7.12 (s, 2H), 7.19-7.26 (m, 4H), 7.42 
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(d, IH), 7.65-7.80 (m, 2H), 8.25-8.31 (m, 2H), 8.58 (d, IH), 9.10 (s, IH), 9.19 (s, IH); 

HPLC Purity: 99.97%; LCMS: 557 (At + /). 

N-(4-(4~(3-fluoro-4-methoxybenzyl)piperazme-l-carbonyl)-2-

methoxyphenyI)quinoline-8-suIfonamide (XIV-148): 

!H NMR (400 MHz, DMSO-d6) 8: 2.31 (br s, 4H), 3.32 (s, 4H), 3.41 (s, 2H), 3.43 (s, 

3H), 3.80 (s, 3H), 6.78 (s, IH), 6.82 (d, IH), 6.98-7.18 (m, 3H), 7.21 (d, IH), 7.31 (s, 

2H), 7.64-7.80 (m, 2H), 8.21-8.30 (m, 2H), 8.57 (d, IH), 9.08 (s, IH), 9.19 (s, IH); 

HPLC Purity: 92.22%; LCMS: 565 (M+ + 1). 

N-(2-methoxy-4-(4-(pyridm-4-ylmethyl)piperazine-l-carbonyI)phenyI)quinoilne-

8-sulfonamide (XIV-149): 

lH NMR (400 MHz, DMSO-d6) 8: 2.32 (br s, 4H), 3.41 (s, 3H), 3.50 (s, 4H), 3.62 (s, 

2H), 6.75 (s, IH), 6.82 (d, IH), 7.28 (d, 2H), 7.41 (d, IH), 7.66-7.80 (d, 2H), 8.30 (s, 

2H), 8.50 (d, 2H), 8.59 (d, IH), 9.18 (s, IH); HPLC Purity: 97.52%; LCMS: 518 

(At+1). 

N-(2-methoxy-4-(4-((tetrahydrofiiran-2-yI)methyl)piperazine-l-

carbonyl)phenyl)quinoIine-8-sulfonamide (XIV-150): 
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(J 

]H NMR (400 MHz, DMSO-d6) 8: 1.45 (pentet, 2H), 1.78 (pentet, 2H), 1.90 (sextet, 

IH), 2.30-2.41 (m, 7H), 3.41 (s, 3H), 3.60 (q, 2H), 3.70 (q, 2H), 3.95 (pentet, IH), 

6.78 (s, IH), 6.82 (d, IH), 7.42 (d, IH), 7.70-7.81 (m, 2H), 8.30 (d, IH), 8.60 (d, IH), 

9.10 (s, IH), 9.20 (s, IH); HPLC Purity: 99.24%; LCMS: 511 (At+1). 

N-(4-(4-(4-chloro-3-fluorobenzyl)piperaziiie-l-carbonyl)-3-

iriethoxyphenyOqwinoline-8-suIfonaniide (XIV-151): 

*H NMR (400 MHz, DMSO-d6) 5: 2.19 (br s, 2H), 2.28 (br s, 2H), 2.97 (br s, 4H), 

3.44 (s, 3H), 3.58 (s, 2H), 6.61 (d, IH), 6.78 (s, IH), 6.83 (d, IH), 7.15 (IH), 7.30 (d, 

1H), 7.49 (d, 1H), 7.70-7.78 (m, 2H), 8.24 (d, IH), 8.42 (d, IH), 8.50 (d, IH), 9.10 (s, 

IH), 10.30 (s, IH); HPLC Purity: 98.63%; LCMS: 569 (M+). 

N-(3-methoxy-4-(4-((l-phenylcyclopropyl)methyI)piperazine-l -

carbonyI)phenyi)quinoIine-8-suIfonamide (XIV-152): 

]H NMR (400 MHz, DMSG-df5) 5: 0.64 (s, 2H), 0.78 (s, 2H), 2.18 (br s5 4H), 2.39 (s, 

2H), 2.81 (br s, 4H), 3.41 (s, 3H), 6.61 (d, 1H), 6.78 (s, IH), 6.82 (d, IH), 7.10 (q, 
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IH), 7.12 (t, IH), 7.20-7.28 (m, 4H), 7.70-7.80 (m, 2H), 8.23 (d, IH), 8.41 (d, IH), 

8.50 (d, IH), 9.13 (s, IH), 10.30 (s, IH); HPLC Purity: 99.99%; LCMS: 557 (At+1). 

N-(3-methoxy-4-(4-(pyridin-2-ylmelhyI)piperazine-l-carbonyI)phenyI)quinoline-

8-sulfonamide (XIV-153): 

JL 
'/\\ 1 kJ 0 0 

il 
0 / 
-o 

'H NMR (400 MHz, DMSO-d6) 5: 2.22 (br s, 2H), 2.39 (br s, 2H), 2.98 (br s, 2H), 

3.57 (br s, 2H), 3.60 (s, 5H), 6.62 (d, IH), 6.78 (s, IH), 6.82 (d, IH), 7.20 (s, IH), 

7.40 (d, IH), 7.66-7.79 (m, 3H), 8.21-8.30 (m, 2H), 8.40-8.50 (m, 2H), 9.16 (s, IH), 

10.30 (s, IH); HPLC Purity: 98.14%; LCMS: 518 (At+1). 

N-(3-methoxy-4-(4-(pyridin-4-ylmethyl)piperazine-l-carbonyI)phenyI)quinolme-

8-sulfonamide (XIV-154): 

H \ li 

0 rc V 
0 Ox 

0 o N^jJ 

]H NMR (400 MHz, DMSO-d<5) 5: 2.20 (br s, 2H), 2.30 (br s, 2H), 2.98 (br s, 4H), 

3.50 (s, 3H), 3.58 (s, 2H), 6.62 (d, IH), 6.78 (s, IH), 6.82 (d, IH), 7.24 (s, 2H), 7.65-

7.73 (m, 2H), 8.21-8.30 (m, 2H), 8.40 (d, IH), 8.43-8.50 (m, 2H), 9.10 (s, 1H), 10.23 

(brs, IH); HPLC Purity: 99.69%; LCMS: 518 (At+1). 

N-(4-(4-(4-chIoro-3-fluorobenzyI)piperazine-l-carbonyI)-2-

melhylphenyl)quinoUne-8-sulfonamide (XIV-155): 
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!H NMR (400 MHz, DMSO-d6) 8: 2.01 (s, 3H), 2.38 (br s, 4H), 3.50 (s, 4H), 3.56 (s, 

2H), 7.00 (s, 2H), 7.06 (s, IH), 7.18 (d, IH), 7.35 (d, 1H), 7.52 (t, 1H), 7.70-7.80 (m, 

2H), 8.29 (q, 2H), 8.59 (d, IH), 9.15 (s, IH), 9.38 (s, IH); HPLC Purity: 99.25%; 

LCMS: 553 (M+). 

N-(4-(4-benzyl-l,4-diazepane-l-carbonyi)-2-methoxyphenyl)quinoline-8-

sulfonamide (XIV-156): 

!H NMR (400 MHz, DMSO~d6) 5: 2.22 (br s, 2H), 3.01 (br s, 2H), 3.52-3.58 (m, 

9H), 4.39 (br s, 2H), 6.66 (d, IH), 6.80 (s, IH), 7.50 (br s, 4H), 7.74-7.79 (m, 2H), 
8.30 (d, IH), 8.47 (d, 2H), 8.59 (d, 1H), 9.18 (d, IH), 10.40 (s, IH); HPLC Purity: 

99.00%; LCMS: 531 (At+3). 

N-(4-(4-benzyM,4-diazepane-l~carbonyi)~2-melhylphenyi)qiiinoiine-8-

]H NMR (400 MHz, CD3OD) 5: 2.06 (s, 3H), 2.14 (br s, 2H), 2.22 (s, 4H), 3.58 (br s, 

4H), 4.40 (s, 2H), 7.10 (br s, IH), 7.22 (d, 2H), 7.50 (s, 4H), 7.68-7.77 (ra, 2H), 8.21 

(d, IH), 8.38 (d, IH), 8.51(4 IH), 9.18 (d, IH); HPLC Purity: 99.04%; LCMS: 515 

(ht+I ). 
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N-(4-(4-benzyI-l,4-diazepane-l-carbonyl)-2-f!uorophenyl)quinoIine-8-
sulfonamide (XIV-158): 

]H NMR (400 MHz, CDCI3) 5: 2.21 (br s, 6H), 3.43 (br s, 4H), 4.21 (s, 2H), 6.97 (d, 

IH), 7.08 (br s, IH), 7.42 (t, 4H), 7.63-7.68 (m, 2H), 7.79 (t, IH), 8.09 (d, 1H), 8.28 

(d, IH), 8.38 (d5 IH), 9.18 (d, IH); HPLC Purity: 96.67%; LCMS: 519 (A/++/). 

N-(4-(4-benzyi-l,4~diazepane-l-carbonyI)-3-chlorophenyI)quinoline-8-
sulfonamide (XIV-159): 

'H NMR (400 MHz, CDCI3) 5: 2.12 (br s, IH), 2.50 (br s, IH), 3.09 (br s, 2H), 3.29 

(br s, IH), 3.58 (br s, 2H), 3.67 (br s, 2H), 4.20 (s, 2H), 4.41 (br s, IH), 6.99 (d, 2H), 

7.28-7.39 (01, 4H), 7.66 (t, 2H), 8.21 (d, IH), 8.38 (d, IH), 8.42 (d, IH), 9.18 (s, IH); 

HPLC Purity: 95.33%; LCMS: 535 (M+). 

Synthesis of Reverse Sulfonamide Benzyl and Alkyl Derivatives 

Scheme 23 
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BocN 
"NH.HCI 

148 

n = 1 = Piperizine 
n = 2 = Homopiperizine 

133 

PyBop 

DIPEA, DMF 
0 °C - rt, 12 h, 40 

- 60% 

BocN 

CM 
149 

Methanol ic HCi/O °C-RT Aidehyde, STAB 

AcOH-DCM 

ri = 1 = Piperizine 
n = 2 = Homopiperizine 

STAB = Sodium fri-acetoxy borotiydride 

O n = 1 = Piperizine 
151 n = 2 = Homopiperizine 

The synthesis of compound 151 was carried out from aniline 131 (0.25 mmol) by 

following the similar procedure as mentioned in Scheme 21 for compounds of 

formula (VIII) with respective key steps such as ester hydrolysis, amide bond 

formation in the presence of PyBop following reductive amination in the presence of 

sodium tri-acetoxy borohydride. 

4-(4-benzylpiperazine-l-carbonyl)-N-(quinoiin-8-yl)benzenesulfonamide (151a): 

NMR (400 MHz, DMSO-d6) 5: 2.24 (br s, 2H), 2.40 (br s, 2H), 3.10 (br s, 2H)5 

3.55 (s, 2H), 3.59 (s, 2H), 7.21-7.39 (m, 4H), 7.42 (d, 2H), 7.58 (d, 2H), 7.91 (d. 2H), 

8,37 (d, IH), 8.81 (s, IH), 10.15 (br s, IH); HPLC: 99.26%; LCMS: 487 (M++l). 
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4-(4-benzyl-l,4-(liazepane-l-carbonyI)-N-(quinoUn-8-yI)benzenesulfonamide 

(151b): 

]H NMR (400 MHz, DMSO-d(5) 8: 1.55 (s, IH), 1.75 (s, IH), 2.41 (s, 2H), 2.52-2.64 

(m, 2H), 3.05 (d, 2H), 3.58-3.62 (m, 4H), 7.19-7.32 (m, 3H), 7.36-7.47 (m, 2H), 7.58 

(d, IH), 7.63-7.77 (m, 2H), 7.81-7.89 (m, 2H), 8.30 (dd, IH), 8.78 (dd, IH), 10.05 (s, 

IH); HPLC Purity: 99.89%; LCM.S: 501 (M++l). 

Having thus described several aspects of several embodiments, it is to be 

appreciated various alterations, modifications, and improvements will readily occur to 

those skilled in the art. Such alterations, modifications, and improvements are 

intended to be part of this disclosure, and are intended to be within the spirit and 

scope of the invention. Accordingly, the foregoing description and drawings are by 

way of example only. 
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CLAIMS 

1. A compound of formula II or a pharmaceutically acceptable salt thereof, wherein: 

vz ° 
•' S 

(II) 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 

L is a bond, -C(0)-, -(CRcR V, -0C(0)-, -(CRcRc)m-OC(0)-, -(CRcRc)m-C(0)-, -NRbC(S>, 

or -NRbC(0)- (wherein the point of the attachment to R1 is on the left-hand side); 

R1 is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3 is independently selected from halo, haloalkyl, alkyi, hydroxyl and -ORa or two 

adjacent R3 taken together with the carbon atoms to which they are attached form an optionally 

substituted heterocyclyl; 

each Ra is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or two 

Rc taken together with the carbon atoms to which they are attached form an optionally substituted 

cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SR\ -NRaRb and -OR3, or two Rd taken together 

with the carbon atoms to which they are attached form an optionally substituted heterocyclyl; 

n is 0,1, or 2; 

m is 1,2 or 3; 

h is 1; and 

gis 1. 
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2. The compound of claim 1, wherein W, X, Y and Z are CH. 

3. The compound of claim 1, wherein D is NRb and D1 is a bond. 

4. The compound of claim 3, wherein Rb is H, methyl or ethyl. 

5. The compound of claim 1, wherein L is a bond, ~(CRcRc)m~, - NRbC(0)-, -(CRcRc)m-C(0)-, 

-C(O)-, or -O(CO)-. 

6. The compound of claim 5, wherein L is a bond. 

7. The compound of claim 6, wherein R1 is alkyl, aryl or heteroaryl, each_ substituted with 0-5 

occurrences of Rd. 

8. The compound of claim 5, wherein L is ~(CRcRc)m-. 

9. The compound of claim 8, wherein R1 is cycloalkyl, aryl, heteroaryl or heterocyclyl, each 

substituted with 0-5 occurrences of Rd. 

10. The compound of claim 5, wherein L is -NRbC(0)- and Rb is hydrogen. 

11. The compound of claim 10, wherein R1 is aryl substituted with 0-5 occurrences of Rd. 

12. The compound of claim 5, wherein L is -(CRcRc)m-C(0)-. 

13. The compound of claim 12, wherein R1 is cycloalkyl, aryl or heteroaryl, each substituted 

with 0-5 occurrences of Rd. 

14. The compound of claim 5, wherein L is -C(O)-. 
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15. The compound of claim 14, wherein R1 is aryl, alkyl, or heteroaryl, each substituted with 0-5 

occurrences of Rd. 

16. The compound of claim 5, wherein L is -OC(O)-. 

17. The compound of claim 16, wherein R1 is alkyl, aryl or heterocyclyl, each substituted with 

0-5 occurrences of Rd. 

18. The compound of claim 1, wherein L is —(CRcR°)m-0C(0)-. 

19. The compound of claim 19, wherein R1 is heterocyclyl or cycloalkyl, each substituted with 

0-5 occurrences of Rd. 

20. The compound of claim 5, wherein n is 0. 

21. The compound of claim 5, wherein n is 1 and R3 is CH3, CH2CH3, OCH3, OCt^CHs, OH, F, 

CI, or CF3. 

22. A pharmaceutical composition comprising a compound formula II or a pharmaceutically 

acceptable salt thereof, wherein: 

(II) 

W, X, Y and Z are each independently selected from CH or N; 

D and D1 are independently selected from a bond or NRb; 
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L is a bond, -C(O)-, -(CRcRc)m-, -OC(O)-, -(CRcRc)m-OC(0)-, -(CRcRc)m-C(0)-, -NRbC(S)-, 

or -NRbC(0)- (wherein the point of the attachment to R1 is on the left-hand side); 

R] is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

adjacent R3 taken together with the carbon atoms to which they are attached form an optionally 

substituted heterocyclyl; 

each Ra is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb is independently selected from hydrogen and alkyl; 

each Rc is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or two 

R° taken together with the carbon atoms to which they are attached form an optionally substituted 

cycloalkyl; 

each Rd is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydroxyl, -C(0)Ra, -GC(0)R\ -C(0)0Ra, -SRa, -NRaRb and -OR8, or two Rd taken together 

with the carbon atoms to which they are attached form an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 1; and 

g is 1. 

23. The pharmaceutical composition of claim 22, wherein the compound is a compound of formula: 

substituted with 0-5 occurrences of Rd; 

each R3 is independently selected from halo, haloalkyl, alkyl, hydroxyl and -ORa, or two 

24. The compound of claim 1, wherein the compound is selected from the following: 
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(T^r—"'X f^XT^ Y^CI ̂ Nyy^ ° ° 
CI 0 0^ 

WW 
F 0 CF3 HXJ 0,-^OC Oy-'Q'' °" 

o os 

OCH3 0 

0 CFs try* 
[TY"0 ifXKxVSi K^-f ° ° "^ 

F 0 0V 

0 
N»N rf\^ °-° 
V^NN^ T^'SY^1 

0 CF3 H HV 
V OyAJ0 °U 

0 0^ 

cyoV-^ 
0 CFs 

c'wo rvS'A^fSi ° ° 
0 0^ 

y V° /^S 
rNr^O fr^\K kj H r\ 

0 

F (T^l 
f^O rr>^ri 

0 0^ 
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H i 
rr^YN;srS^S o' o N^J! 

0 

ITV^N^ I^VWYI CXF ^ X^Js?' o NJ 
F 0 1 

" jfjl H f\ 
fPV rsrSii 

! °' ° ^ 
0 

rvo 
C[AAF k.NyijL^ 0 N J 

0 1 

A H f\ 
°' 0 N J 

O 

C|X^ k^NY\Xo 0 N Jl 
CI 0 1 

CFS 

rvDxvSi 1 ^."YJU 0 ° N J1 

0 

CI-Y<V^N'^I i^";srn 
CI 0 ' 

a~Y\ H f\ 
ci-^^N^, r^rw;s;Vii OyAJ ° ° «J 

0 

iTY^O 
CIAACI k^y-Us? ° NJl 

o ' 

fi^vQSl k^AyU 0 0 nj 
o 0 ' 

> 

-Yi H f\ 
^YKJ °' 0 N^J 

0 
0 s 

FYl H jA 
f^vN;srVS k^N^JL^ 0 0 N^J 

O 

C\ H f\ r^N;scVS O«vUl00' ° u 
O 1 

F^AL H JA rvN>^VS ^-ykj & v° M 
0 

jf^Or ii^YSx'Sii k^yJl^ky o 
0 
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0 0 

c!m H f\ 
0 0 

0 

OTP rY*f?i VN^AA 0 0 N J F "v" o 
0 1 

iTYai<vSi k^N^k^ 0 0 N J 
0 

AOXcV^) 
C1 0 ! 

rrs A CF3 0 0 N J 

O 

OTP PPsA VSi ̂ -Nv^^o° N^ 
CI & ! 

[f^K:srMSi °' 0 U 
O 

CrOjX/^b 
0 1 

f*X H f\ 
ifVN:srVS 

1 0 0 ^ 

0 

^oxc!?^ 
Cf I 1 

f\ H f\ 
[f^K;srSi! 0 0 N J 

0 

<^QJC$£6 
o i 

V^o rr^Anii 1 k0 0 H.J 
0 

xco JCC^ 1 I ? 
-n H f\ rvN^rVS ° ° ti^J 

0 

AOXcV^ 
F 0 1 

-°n H f\ 
rVttVli k^"kA^J 0 0 N J 

0 

FYF 

frV^N^N /vlsVs 
N k- N YX^C0°" *° « J 

o 1 
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N 

EtCOO'^^N'^i 

^yJU 0 0 M 
0 

ffV^H^ r^V^scO^ 
FA^N k^NsX^CoO'"'0 N j] 

0 i 
N-_ —<' 1 H r n ,TYN;<VS °"° N J 

0 

^QrOC°s;$) 
o i 

O H JPl Nv^ N^ rPVN;srS:^Si 
/0 L Nyit^J 0 0 N J 

0 

(V^O rV^rSi 
o 1 

or°^ H f\ 
li 
0 0 

CO2C2H5 

f S . H J^t 
fTV^ArVS 

0 0 H^ 
o 

jTo rrK'-sA k^NykA0 ° N^Ji 
0 

CO2CH3 

H f\ 
! ^rN;srVS k^y-l^ °' 0 NJ 

0 

^•Cro/x"^ 
0 

H f\ r\N^Vi k^yA^ 0 0 N J 
0 

^ w I ' R i ""ft T « y" ^Nv"^^0 N J 
0 

CX°~~ H f\ 
sfYN;AcSii k^yiUJ 0 0 M 

0 

CPP rV*ri 0 XNyVk° 
0 

fHY°~~ H f\ 
frVN;srVSi OyAJ °"° N^J 

0 

VP V k^N.J^k^ 0 N^J 
0 ! 

(irk^ ifXsxiii 

0 

C1A> k^NyA^k^ o N^s 
0 ' 
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CpL^ Ju^L ° ° 
0 

P iTO rV'On k^wY^^o N^ 
F 0 ' 

' f\ 1 H f1 S^N^I frVN;s,rWS ^0 ° 0 N-J 
0 

k NAAO o N-^ o X 0 
0 ! 

fNv°v i H f\ 
[fr^<VS 0 ° U 

0 

c!"rpY^f[|^i rrxo V vNy\A0° 0 N-^ 
0 ! 

frVNxV^i k^,N 0 ° 
0 

I H jf^L rVp ifYxVS 
0 ' 

f^Y°^ I H f\ ° ° N^ 
o 

VF 

fS^O fYkoH k^N k^NykAj3 0 N^J 
0 ! 

t^L i H f*X 
(fT^s^Vii L^i 1J °'"° NJ 

0 

[TY^N^j f\N^ ii N-s^sAp ° N-s^ 
0 1 

iO i H f*X 
^ [fVN;ArvS 0 ° N J 

0 

k/NyV^o0 0 N-^ 
o i 

f^X I H f\ - vp /VXY\ °\ VMy\^ 0 0 N^iJ 

0 
kA k^N.JkjsA 0 0 

o I 

JCT^H^) /0 k/NyV 
0 

k <?k„ k^N. Jl^.Ao' 0 HVJ 
N O n 

' o 
CN 

1 H 

tfV^r ^NxVS °' ° ^ 
0 

(xoj^b 
il 
O /O 
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0 "0 N J 

' 0 

FYVO ir^®;<^vk 
'L^ k^wY^f^ 0 0 N J 

F 0 ^0 

jP*PO jfY-A CHKJ 0 0 

0 

c Q yjp' °'A:^Xi 
0 /O 

^=PN^I irva>rrSi BrA> °"v° 
0 

y 0^1/° °NJ 
F O 0^ 

lrvHxJP> °' ° N J 
0 

<TO rr>fn' N^kp k^N^Ayi' ° 0 N^ 
0 /0 

'"YTO iTYB>nii k^NJk^ ° N° NJ 
0 

.XTCVJpr"^ 
0 /O 

V^N-^ fv!:sM °'0 

o 

rrp rrW k^ ° 0 N<^ 

F 0/0 

iTV"-srVk O' 0 N Jl 
0 

rVO I^BXSI) KJ k^N^kJ 0 0 N J 
CI o xo 

0 

/->, v-v. A yN, J^JL [TY^O f^TXrl v0A^ ° 0 

O /0 

CI j^N 

ifV^^ ii^xvSi ^ °' ° N J 
0 

]' H f*X irS^o nrWi o 0 Nj^JJ 

0 /O 

°r H n 
fV^ rPV^scVS KJ 0 0 N^ 

o 

o~o rrW 
0 /0 

371 



K/r k^N^J^i cTo N^jj 
0 

O- H JS^ 
N-V^N'-N f^B;sArsii k^-^Y^o ° ° N 

0 /O 

.xro^cr"^ 
0 

fV»-^ f^Ys>rV^i pyL;J k^Ny^f °'0 w^ 
F O ^0 

^"-sXX, 
FA^ °0 N J 

G! 0 

cro^'^D 
0 /O 

fTP tfVvn X0A>x 0 0 N<^jj 

0 

fTVO \_A^k_ k^N.JLJ ° 0 N J 
O F jf | 

O 0^ 

fY""^ i^axyk kACi^NY^ ° s° O 
x° ° F O O^ 

ir'V^O rTV^srVs 
aXf) k^y-l^ o'"0 N J 

F 0 

rro rrN^Vi 
FX^ k^NvJ^A(0 o N^JI 

0 ' 

PX^Cik^N^lJ 6^0 Njj 
0 

Cop ^N-s-Ok ^-NYAJC0°""°XJ 
0 1 

F r*5^ 

rVo ii^B>^Vi o' 0 N J 
O 

°V p 
ft „ 

0 

l^A0 k^N^Jlj o" 0 N;Jl 
0^ 1 0 

i^'Ai 
F 0 ' 

pro rY^n 
^0 o 

rrM;'s^Sii k^NY^Jk° 0 N JJ 
0 1 
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25. The compound of claim 1 selected from the following: 

N P O 

0 
OwyXX ° 

0 
CN 

rV"0 (TV^srVSi °'S° 
0 

fTO f^X 
0 

jcro^cr1^ 
0 

PrO f^;<ri 
o ' 

o 
Cro.^"^ 

0 

H I 1 
rYNxr^ o o m^^Jj 

0 

C| o O u^J 
o 

'"TXO^V^) 
0 

pro rV'-Ap 
a-^^a ̂ "Y1^ 0 0 

o 

rr^"x^vk °' 0 N J 
0 

Foro rV* TI 
F 0 

rrsA o' 0 N^J| 
0 

cirro rV'^Ti 
CI 0 

pro roM \^N O 0 N^ij 

0 

pro fVfc'rSi 
\p^ k^NyV1 0 0 

F 0 
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CI 

KJ o' 0 NJ 
0 

PPO irV^V^ k^N_A^ 0 0 

CI 0 °r „ n 
ir^r^srSA KJ o'-'O N J 

0 

Ftro IM?MI 
F 0 

CN /s. /v w Jl. I 
Yl'N1 fT^" 'S^Tll 0"0 N^Jj 

0 

pro fVsA 0 0 N<^ 
CI 0 

fY"0 if^xVk 
C[A^ o' 0 

0 

i J H iH rr O irr #VS ci-A^1 ° ° 
0 

ifY"^ 
FXJ- . k^N^JJ o"%0 NJ 

CI 0 

1 I H Ol 
ffV^O fVxVSi 

fJKj k^H^Kj 0 0 N J> 
0 0~

~ z/ 
,o 

ac
z 

°
 

Y
 

O
 

Y
 o

 

"YV^ fVxJTS 
0 

ifV^O fTV^srSA KJ^F °'0 H^ 
0 

iPTO ifV*^P k^Ap ^A^ 0 0 
0 

iTY^Ak K^J °"0 

F 0 

OTO rV^n k^ k^^YA^k0 0 N^J 
CI o 

cTO pps-6p k^Njy 0 0 N<^ 
0 

irv^o r^xr^ o'b N J 
F O 

CTO^Cr"^ 
0 

v^o rV*'^ k^N^Ji^ 0 0 N^ 
0 
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H Tl 

KJ K^^yXJ a 0 N J 
0 

ir^TO irVxVSi N^ k^NsY<-"'\S5^ ° 0 

0 
CI 

N\^N'-N ^N^Sr KJ °'0 w-J 
0 

Y^ro fYB*VS KJ ^NY^^F° 0 
F O 

ri^V'N^sYVOi 
ci-^-J d"0 N<J] 

0 

fY"0 rV^Ti 
FA^ k^N^Jx^p0 0 

C! O 

\XX k^w^jrx'°'v°N<S3 
o 0 Y I 

1 O /O 

fY"0 fY^A'VS aA^ ^"Y^° 0 N^ 
CI o 

. k^N.J<iyJl 0 S0 N<v_/ 

O /O 

fr~0 rV* TII 
CI 0 

rro (V<<<rS N^XC[ ^«Y^Jk0o 0 ^ 
o ' 

cri^i r-<*r^ k^F k^N*Jk^kF° ° 
F O 

pro rr11*TSI KJ k^N^AJ^O 0 
F O 1 

fV^O ITV^TSI k^N k^NY^J ° ° 
0 

0 ' 0 

r^ro rr*'**''it \S>N 0 0 N<SA 

0 ox 

ri i H fx fV^srVS °' 0 N J 
0 

Xro^-% 
0 

fX H fx f***VNss'VSl i i '' vV i k'NYr^ ° 0 

i ° /° 
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1H H" fX /GYVN^ [^^A^VS 0 0 N^J 
0 

t^o i^°x^?S K^J k^-NY^N^ 
0 0^ 

C|A^ °' ° N^J 
0 

F4-F H ps 
^N °' 0 N^J 

0 0^ 

"~°~0r0.r0r>^!) 
0 

x! I 
fv"'0 rVxri ^N o' O N^J 

0 

AT^N-^ r^*:<Vk KJ ^NyJ^J ° ° «<J 
0 

0 f^t ir\^N^, XJL 
N O'^O 

0 

J H 1^1 fir^O ^"vc^rS ^LAF 0 0 N J 
o 

'xro^^ 
0 

IIVYV 
0 

rfrW-s>rQ^t N^*S 0V0 N^J 
0 

r\!;sM 0 ° N^ 
/O 0 

vOCO^"^ 
0 

0 

iTV^O A-a>rV^i N-^C1 ̂ -N^JL^ °' 0 N J 
0 

1^ACI k^N^Ji^ 0 0 N^J 
CI 0 

N,-pxucy^ 
F 0 

0 °»J 
0 

F-OC O-jOCf <X) 
0 ! 
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"CCO^Cr^ 
0 

QCOXx>$) 
F 0 ! 

1 H f\ ifS^O fVN'A^YS 0 0 N^J 
o 

rv^o ^KxV^ 
CIXAF ^"yVl0O ° N*J 

O ! 

ir^":srv^ • y^k^y-U °'0«J 
CI o 

rv^ A-VM 
aJy O-yU^0 ° U 

C! 0 1 

QCOrO'o'A:^i 
J H 5 

nr-^C^O O^N^OCj?' "^0 CI CI X 0 ^ 
0 j 

^ 0 0 N 

F^F ° 

fx H fx 
f^X " X^Sil 

0 N^ 
0 ! 

iUA0 ^K-^XJ ° ° N^J 
/J 0 

FJ^t^ 0*^JOC°'' 
0 

fY^A^A HOJy 0 0 N^ 
0 

rro rrjA 
H0^y k.Ny^ 

0^ 0 

0CO fV*Pi 
^F ^NV^^00 ^ 

o 1 

FtF H n 
°" S° N^ 

F 0 

Cl 0 ° 

^YY•?^ rvNXT^I CMF k^yJU ° ° N^J 
O 

CCO Pf*Pl T^CI 0 0 N^!j 
CI <H 1 
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0 

0TO rY-?A 
o 1 

[TV^ kJNF k^-NY^^ ° ° 
F 0 

rro rv^ft Y ^NV^^o° ° N^ 
ci & 1 

C'W~0 • H0Jy 1^-NyJU ° ° »~J 
CI 0 

cro rV<A ^NY^^O° 
o 1 

rVo K^K H^ 
0 

VOXC>$) 
F o 1 

fTVN's^Til y .0«Y^ **J 
0\ 0 

FA^N N^JI 
0 1 

k^NyA^I 0 0 M<j! 
0 

<TO rV*£\ 0 ^NyU\° N^ 
0 

iTO y ^yU ° ° iji 
OH 0 

V"^0 (ir'N's:«S 
0 ! 

(r^Y^N-^N 
^0Jy kNyV 

F 0 
axrojcc/^ 

0 1 

r^^s-^k Y^OH^N °' 
F 0 

iTY^N if*Y" XT^ F4A^ k^N.A^k^'b N^ 
F 0 1 

XJ k^NY-CJ °" "^0 
' 0 

iTY^r rrN<*iii 
<s II^AAO o N ^ 

0 ' 
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K*? °''*°'U' 
0 

c'YY"0 if^BtfVS ^NV^^O° ° N^ 
o ' 

ifY>^i irv^s^A y ^NYX^°''^XJ 
V 

0 

i H JT^I r^o rr>rA k^N ^NykAo0 0 

0 ! 

^XOvCr^ 
0 

FyFF ^ 

k^N k^NsJk^^'b N^ 
0 1 

irv^o rVxrSi 
HOAJ 0 0 NJ 

o 

rro N^AF 0 N^ 
O ' 

Yro r^<rSi 
0 0 

o 

F^lT^r jT^Nn''S,^J 
0 ' 

i H f^l 
fVo jfYXrji 

0 

rTO ITTN'A'^0 
k^ k/N-Y^k^Q0 0 N^J 

0 ' 

F4-F H |p» 
ITT O rV*TS 

0 

rro olvO 
' 0 

pr"0 ifVxVii ^.N 0 0 

0 

V k^A^JLJ 0 0 "-J 
0 xo 

Vrvcfoft 
0 

FYT^ IT^B-A^O k^NY^f ° ° N^ 
F 0 ^0 

iro^% 
0 

.xrOyp""^ 
0 ^0 
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rVf-^ ^8.SXX N^% ° ° N J 
0 

N-V^N-^ (T^^SAA, 
^NY^Y^ 0 0 w J F 0 °\ 

'xro^vft 
0 

rro n>cVi VNY^V 0 N<^ 
F 0 ^O 

F-\^N o" "o N^J 
0 

ifY^O f^">rrSi ^-NY^^ °'°N^ 
Ci 0 ^0 

0 f^l 
fV^ rYliXJVTi ^N °' 0 N^J 

0 

i! H n rtVo nr>rn 
0 /O 

0 

^JCCO^Qr"^ 
o O^ 

CCOXrVft 1 I 
Yr^ °' ° N 

F O 0^ 

r~T^o s^Nxiii k J 0 0 

0 

fvo PrN*ri 
0 ' 

rv"^ ir^";sAr^i 
C|A^ k^NY^J 0 0 

F 0 

Gi 

0 

cro/j^ 
0 

fY"0 nr^vSi 
CIA> k^NY^r 0 0 N<^ 

F 0 °- and 

384 



385 



26. The compound of claim 1 selected from: 

o 

27. The compound of claim 1 selected from: 

o -

28. The compound of claim 1 selected from: 

o 

29. The compound of claim 1 selected from: 

o 

30. The compound of claim 1 selected from: 
H | 

rvM-ficVS 
o 

31. The compound of claim 1 selected from: 

F O 

32. The compound of claim 1 selected from: 

CJ o 

33. The compound of claim 1 selected from: 
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34. The compound of claim ! selected from: 

VXN 
« f 
0 ° N 

O 

35. The compound of claim 1 selected from: 

I » 11 t '' 

36. The compound of claim 1 selected from: 
H 

0 0 N; 

37. The compound of claim 1 selected from: 

,co^ - ° >* 

38. The compound of claim 1 

39. The compound of claim \ selected from: 

J > • M -^p0 ° N 

O 

40. The compound of claim 1 sel ected from: 
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CI 

H 
N.. 

O O N; 

41. The compound of claim I selected from: 

42. The compound of claim 1 selected from: 

43. 

"PXIX A 
F O 

The compound of claim 1 selected from: 

ceo o'*° N 

44. The compound of claim 1 selected from: 

vCcV° 
0 

45. The compound of claim 1 selected from: 

^ -Y A (i , N J> O O w ^ 

O 

46. The compound of claim I selected from: 

cs 
o 

H " ^ 

YVY^I 
0 0 N. 

47. The compound of claim 1 selected from: 
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0 

48. The compound of claim 1 selected from: 

o 

49. A pharmaceutical composition comprising a compound of any one of claims 2 to 21, or a 

pharmaceutical^ acceptable salt thereof. 

50. A pharmaceutical composition comprising a compound of claim 24, or a 

pharmaceutical^ acceptable salt thereof. 
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