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Synopsis

Investigations embodied in this thesis entitleslyrithesis and Pharmacological
Evaluation of Novel Isoquinoline, Indoloquinoline and Quinoxaline derivatives

comprise five chapters.

Chapter 1

Copper catalyzed one pot synthesis of thienopyrima@{1,2-blisoquinolines

(Chem. Commur2013 49, 190-192)

Over the past years, transition metal catalyzedazes/ domino reactions to construct
complex organic molecules is one of the most usafal powerful tools in organic
synthesis. Among them, the copper-catalyzed Ullrtgipa cross coupling is an
important transformation for the synthesis of vasidN-heterocyclesvia domino
processes. In this chapter, we have presented rdesmigl synthesis of novel
thienopyrimido[1,2blisoquinolines based small molecules as potentiaibitors of
PDE4. The synthesis of these compounds were castiedsing a new and versatile
copper catalyzed cascade reaction under mild donditwithout using any co-
catalyst, ligand or additive (Scheme 1). The casaaction proceedda copper
catalyzed Ullmann type C-C bond formation to giveiatermediaten situ, which
subsequently undergo intramolecular nucleophiliditaeh of NH to CN followed by
intramolecular nucleophilic attack by amine to egt@up. This allows the formation
of a fused ring leading to thienopyrimido[Ipisoquinolines. The molecular structure
of a representative compound was confirmed unamobigly by single crystal X-ray
diffraction study. Some of the synthesized compauwsttbwed promising inhibition of
PDE4B when testeih vitro at 30uM.

R1 (0] R1 (0]

E
RSQ/fJ\O t R2 CUI, KZCO3 R342/j\)J\NH )
S * < > S R

X
NH X CN  DMSO, 85°C N
Ny, open air 07>y
™ ! cascade reaction ™ !
1 3

Scheme 10ne-pot synthesis of thienopyrimido[Ihflsoquinoline derivatives.



Chapter 2

Amberlyst-15 mediated synthesis of benzimidazo / beoxazoloisoquinolinones
(Chem. Commur2013 49, 3570-3572)

In this chapter, we have demonstrated a facile mBbe of benzoimidazole or
benzoxazole ring with an isoquinolinone moietia a conceptually new and
general strategy. The strategy involved Amberlystihediated activation of
vinylic amino group leading to a diverse and uniaqless of small molecules as
potential inhibitors of PDE4. Amberlyst-15 is a éetgeneous catalyst which is
inexpensive, commercially available, and non-hazasdin nature. It can be
removed easily from the reaction mixtwma simple filtration. A wide variety of
compounds were synthesized using this AmberlystrEsliated method in good
yields. Several of these compounds showed promiBDE4B inhibitionin vitro
that was supported by silico studies. One of these compounds showed a dose
dependent inhibition of PDE4B with an 4€ (the half maximal inhibitory
concentration) ~ M comparable to rolipram’s Il§g ~ 1 uM.

XH
R NH,
R2 Amberlyst—1 5
R! N
0 MeCN, 60 °C
open air
4

Activation of
X=NH, O, NR Vinylic amino group

Scheme 2 Amberlyst-15 mediated synthesis of compo®nda activation of vinylic

amino group.



Chapter 3

Synthesis of benzo[4,5]imidazo[1,2]quinoxalinesvia C-H alkenylation /

intramolecular ortho C—H cycloamination
(RSC Adv2015 5, 70604-70608)

The strategy consisting of directed ortho C-H fummalization followed by
converting the directing group into an integral tpaf the target molecule is of
fundamental interest as this may allow easy anakgaccess to functionalized
heteroarenes for their potential applications igamic/medicinal/pharmaceutical
chemistry. In this chapter, we have developed adtep strategy for accessing
new chemical entities based on alkenyl substitutezhzo[4,5]imidazo[1,2-
aJquinoxaline frameworkvia C-H activation methods. The strategy involved use
of a quinoxaline moiety as a new directing group fiee Pd (or Ru)-catalyzed
ortho C-H alkenylation of aniline derivatives and subsewnt hypervalent
iodine(lll)-promoted intramoleculasrtho C—H cycloamination of the resulting-
arylquinoxalin-2-amine derivatives. Both the stepeye performed under open air
and mild conditions. The Pd-catalyzeortho C-H alkenylation of phenol
derivatives was also performed successfully wheimajuine was found to be an
effective directing group. Some of the compoundstisgsized were tested for
PDEA4B inhibitory propertiesn vitro when several of them showed promising
inhibition of PDE4B. One of these compounds showaethse dependent inhibition
of PDE4B with an 1Gy (the half maximal inhibitory concentration) ~ 26/

comparable to rolipram’s g~ 1 uM.

3
X_ _R1 X ACOR X R N
L e, O m
_ CcO R3 PIDA Q N
N/ v gd(gﬁc)z N Y | 2 CH4CN N
R4 H U( C)2 = H > N
TFA, CH;CN room temp
60 °C, 12 h, air 30 min, air /~CO,R®
6 R2 R2 8 . . R?
C-H alkenylation (R*=H C-H cycloamination
X=N,R'=Cl
Y = NH)

Scheme 3Synthesis of benzo[4,5]imidazo[lalquinoxaline derivatives.



Chapter 4

Synthesis of indoloquinoline related to neocryptolgne via Pd-catalyzed C—H

activation
(RSC Adv2015 5, 44722-44727)

In recent years, methods involving C-H bond actorat and subsequent
functionalization have become an attractive areaeskarch in organic synthesis,
because it avoids the use of prefunctionalizedtistarmaterials, and thereby
improving the step-economy of the synthetic rouEspecially, transition-metal-
catalyzed C-H olefination reactions have been thgesti of tremendous research
complementing to Mizoroki-Heck reaction becauseddwbacks such as, limited
availability of expensive aryl halide component, tbeir cumbersome preparation.
Indeed, a remarkable progress has been made imatbé where Pd particularly
occupied the center stage. However, use of thishntdogy towards the
straightforward synthesis of densely functionalibeteroaromatics is not common in
the literature and needs further exploration. Iis tthapter, we have developed a
sequential method to synthesize novel indolofgsinolines related to
neocryptolepine. The strategy involved Pd(ll)-catell intramolecular oxidative C3-
H alkenylation of an indole ring followed by desrilation in the same pot. This
straightforwvard and facile methodology afforded amay of 11-carboxymethyl
substituted HB-indolo[2,3b]quinoline derivatives. Several of these compounds
showed promising cytotoxicities against cancer scedind apoptosis inducing

properties in zebrafish embryos indicating theiteptial for the treatment of cancer.

X! R°0,C | Pd(OAC); X! CO,R?
2 Cu(OAc), )
. o ) L
=
| CJ
NN g6 TFA CHCN NSy 6
R/1 | R5 60°C, 5-7h R; 5
R
SO,R* "one-pot"

10 11

C-H alkenylation
desulfonylation

Scheme 4 Pd-mediated synthesis of 11-carboxymethyl sulistit 64-indolo[2,3-

b]quinoline derivatives.



Chapter 5

Copper-catalyzed one-pot synthesis of hybrid benzdfimidazoloquinoxalines as

potential inducers of apoptosis
(Org. Biomol. Chen2014 12, 6800-6805)

The hybrid molecules are an agents with two (or ehastructural frameworks
having different biological functions and dual adfy, and can act as two distinct
pharmacophores. However, the strategy of hybrideaude is also used to enhance
the pharmacological activities of the individualgpmacophores. In this chapter,
we developed an efficient multicomponent reactiownoiving the reaction oN-
(prop-2-ynyl)quinoxalin-2-amine derivative with @doanilines and tosyl azide in
the presence of 10 mol% of Cul andNetin DMSO to afford the pre-designed
target hybrid molecules containing quinoxaline feamork linked with
benzimidazole nucleus. The MCR proceeds in theradesef any ligand and / or
lateral addition of the catalyst / base affordihg product within 30 min in good
yields. Some of these compounds showed encouragimgptosis inducing
properties and no significant teratogenicity whested in zebrafish embryos and

therefore seemed to have potential medicinal value.

R2

2
R I Ts.
N\ Cl N
L TR
— . A N
N N ™ 13 DMSO @[ I
. ~
r.t, 30 min N N
R

|
R1
12 TSN3 . 1

14 Multi Component

Reaction 15

Scheme 6Synthesis of novel hybrid moleculd$) via a Cu-catalyzed MCR.



Vi



Abbreviations

*C NMR : carbon-13 nuclear magnetic resonance
spectroscopy

'H NMR : hydrogen-1 nuclear magnetgomance
spectroscopy

Ac,O . acetic anhydride

AcOH . acetic acid

Ar . aryl

aq : agueous

Boc . tert-butoxycarbonyl

Br, :  bromine

bs : broad singlet

CaCb . calcium chloride

cAMP . cyclic adenosine mono phosphate

CCDC . Cambridge Crystallographic Data Centre

CDCl; . chloroformd

CRCH,OH : 2,2,2-Trifluoroethanol
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CHAPTER 1

Copper catalyzed one pot synthesis of

thienopyrimido[1,2-bjisoquinolines

Cul + K2C03
2 s_ NH
<R cascade reaction‘ R S | R2

N
CN DMSO
: 07 Ny
open air |
NS
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Synthesis of thienopyrimido[1,2-b]isoquinolines ...

1.1. Introduction:

Isoquinolinone ring system is a ubiquitous and ificgnt motif of many natural
products such as narciclasihéhalifoline? dorianine® ruprechstyrif® lycoricidine®

and pancratistatinift ° (Figure 1.1), and pharmaceutical candidates tielay a
wide range of biologicahctivities® Besides, many isoquinoline analogues have also

been used as chiral ligandphosphorescent materidland fluorosensors.

O A
<
0 NCH,

0}

2, Thalifoline 3, Dorianine

1, Narciclasine

MeO

A
NH
OH O
OH O
4, Ruprechstyril _—
Y 5, Lycoricidine 6, Pancratistatin

Fig. 1.1 Biologically active natural products containisgpguinolinone scaffold
On the other hand, thienopyrimidines and its déirrea have attracted considerable

attention because of their wide range of biologamivities such as antimicrobit,

O cH

/N=N\ % CH3 3
HN__N . N-N O ~y {
|O B N, CH | )—CH,
N 3 (e} x
Bu/l\\N S H NL | N\ \)\N S
\N IS
Cl

7, Antihypertensive 8, Antiallergic 9, Antihistaminic
(0]
1
s-__NRR S
9 Y " Br Fﬂ\j\\ | Y
| | 1/
S N/)\SCH3 Bu)\N
Br
10, Antiinflammatory 11, PDE4 inhibitor 12, Antibacterial

Fig. 1.2 Examples for biologically active thienopyrimididerivatives




Chapter 1

analgesic! anticancef? anti-inflammatory® antipyretics* and anti-allergenic
effects® Also, some thieno[2,8}pyrimidines have been identified as potent
inhibitors of TGase2 (tissue transglutamind§e)selective and potentolD
antagonists’ and potent dual 5-HT1A and 5-HT1B antagontats.

Due to their interesting pharmacological propertieempounds containing the
thienopyrimidines and isoquinolinone framework hawadtracted considerable
attention in medicinal chemistry, and mudfod has been focused on their synthetic
methods to construct isoquinoline-fused thienopidines ring systems. However,
synthesis of compounds containing the hybrid stmectof isoquinoline and
thienopyrimidines motifs, namely thienopyrimido[dRsoquinolines derivatives
(Figure 1.3), are uncommon in the literature. Cquosetly, the development of a
convenient and efficient synthetic approach towardsienopyrimido[l,2-
blisoquinolines derivatives will be valuable for thescreening against various

biological targets.

.
Os N

H 1 R
. N . -‘\ R \ \ "
Thienopyrimidine \ g

.. R3

"““Isoquinoline

Fig. 1.3 Thienopyrimido[1,2b]isoquinolinesas a hybrid structure of thienopyrimidine and

isoquinolines motifs.

Transition metal catalyzed cascade/domino reacttonsonstruct complex organic
molecules is one of the most useful and powerfalstan organic synthesis. Among
them, a copper-catalyzed Ullmann-type cross cogplieaction is an important
transformation for the synthesis of varioNsheterocyclessia domino processes.

Recently, great advances have been made on theeptaat evolution of copper
catalyzed Ullimann-type reactions by using activategthylene groups to construct
polycyclic heteroaromatic systems. The earlier respon copper catalyzed domino

process for synthesis various polycyclic heteroatica are discussed below.




Synthesis of thienopyrimido[1,2-b]isoquinolines ...

1.2. Previous work:

1.2.1. Recent examples for synthesis gblycyclic heteroaromaticsvia copper

catalyzed domino process:

In 2013, Fu and coworkers developed an efficieqpeo-catalyzed domino method

for the synthesis of 4-oxopyrimido[1&)indole derivatives 15) via the reaction of

substituted\-(2-halo-phenyl)-3-oxoalkanamide$3) with alkyl 2-cyanoacetated4)

or malononitrile under mild conditions as showrsicheme 1.1°

Cul, pipecolinic acid

N R? WRZ
N
R1©[Xm ., NCR® KoCOs or 082C03/DMSO‘ R1©£/2/NH

X =Br, Cl

900r110°C, 24 h R3
16

Scheme 1.1Synthesis of 4-oxopyrimido[1,dlindole derivativedrom N-(2-halo-phenyl)-3-

oxoalkanamides.

In 2015, Li and coworkers disclosathovel copper-catalyzed tandem reaction for the

synthesis of pyrazolo[5,a}lisoquinolines derivatives1@) via the reaction of 5-(2-

bromoaryl)N-aryl-1H-pyrazol-3-amines 16) with malononitrile £7) as shown in

Scheme 1.2. In this method copper(l)iodide actsaagatalyst and first time

heterocyclic ketene aminals (HKAisive been used as ligafid.

HN-Ar
Br \
| N
N + NC__CN
H
X 17
16
X=F, H

HN-Ar
/ \)
Cul/L, N,, NaOH, N,N
DMSO, 60°C,1.5h  x Z NH,
CN
o) (@) 18
= |

HN™ 'NH
/

Scheme 1.2 Synthesis of pyrazolo[5,dlisoquinolines derivativerom 5-(2-bromoaryhN-

aryl-1H-pyrazol-3-amines.

In 2011, Fu and coworkers developed an efficieqpeo-catalyzed domino method

for the synthesis of poli-heterocycles containing amino acid residu&d yia the
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reaction of substituted 2-halobenzamidé&9) (with alkyl 2-cyanoacetatesl4) or

malononitrile (7) without using any ligand or additive as showrStheme 1.8?

(o] R2 (o] R2
OMe Cul, Cs,CO3, N
Ej\)L)\W Ry Ce00u N @&o
%
B © DMSO, 90°C, 18 h N
14 R3
19 20

Scheme 1.3Synthesis of pol\N-heterocycles from substituted 2-halobenzamides.

In 2010, Ding and coworkers reported the synthasfisaza-fused polycyclic
quinolines 23) via copper-catalyzed cascade reaction of R-fienzofllimidazole-2-
yl)acetonitrile 1) with 2-halo benzenealdehyd2?f under mild conditions as shown

in Scheme 1.4%

Y,z\ EWG
Y4 EWG CHO Cu/L-proline LN \
YA TR RIS,
Ly x  KyCOs DMSO
H rt-80°C R
21 X =1, Br, Cl
22 23

Scheme 1.4 Synthesis of aza fused quinolines from BHdenzof]imidazole-2-

yl)acetonitrile.

In 2011, Fu and coworkers reported the synthesisbaizimidazoisoquinoline
derivatives 25 via copper-catalyzed cascade reaction of @ 2-(2-
halophenyl)benzoimidazole24) with alkyl cyanoacetated4) under mild conditions
as shown in Scheme 2*5. This protocol provides corresponding
benzimidazoisoquinolines containing amino and ceylade groups in good to

excellent yields.

R2
= v
N\ / \
Cul, pipecolinicacid R'-
R1!—\ N * NCTOR? g PNF
A g, K,CO3, DMSO, N,

NH,
R®0” 0O
25

Scheme 1.5Synthesis of benzimidazoisoquinoline from 2-(2spaenyl)benzoimidazoles
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In 2009, Zhao and coworkers reported a copperyzadimethod for the synthesis of
3,4-disubstituted isoquinolin-1kD-one derivatives28) via the reaction of substituted
2-halobenzamide26) with p-keto estersA7) under mild conditions using Cul as a
catalyst and without using any ligand or co-catagsshown in Scheme 6.

o
0
s 0 o Cul, Cs,COs NH
10 2 3
R + RZMO’R dioxane, 80 °C, 16 h 7 Re
X 3
R,
27 0 Yo
X =Cl,Br, | ”
26

Scheme 1.6Synthesis of 3,4-disubstituted isoquinolinijone from 2-halo benzamide.

In 2015, Fu and coworkers developed an efficiemipeo-catalyzed domino method
for the synthesis of benzo[4,5]imidazo[BRyrimidin-4-ones 81) via the reaction of
substitutedN-(2-halophenyl)-3-alkylpropiolamide29) with cyanamide 30) under
mild conditions as shown in Scheme 7.

H R? 0
N\H/ Cul, pipecolinic acid WRz
R1©[ . HN-CN Cs,CO5, DMF N
x © ? - R >N
29 30 120 or 150 °C, 12-20 h, N, N
X =Br, CI 31

Scheme 1.7 Synthesis of benzo[4,5]imidazo[1aPsyrimidin-4-ones fromN-(2-halophenyl)-

3-alkylpropiolamides.

In 2012, Zhao and coworkers reported a copperyzdl domino process for the
synthesis of of 5,12-dihydroindolo[2Hlguinazoline (3) derivativesvia the reaction
of N-(2-bromobenzyl)-2-iodoaniline 3¢) with alkyl 2-cyanoacetates14) or

malononitrile under mild conditions as shown in &ole 1.8°

3
AN B cul A
I AU el N
L \ & .+ NC_R® trans-4-OH-L-proline i1 N\ NH
H | —R? K,COz; DMSO, 90°C Z N
32 = 14 sealed tube
X=1,Br 33 R?

Scheme 1.8 Copper-catalyzed domino synthesis of 5,12-Dihydfolo[2,1b]quinazoline

derivatives.
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In 2010, Fu and coworkers reported a copper-catdlyme-pot tandem method for
the synthesis of benzimidazo[lhlisoquinolin-11-one derivatives3$) via the
reactions of substituted 2-hal{2-halophenyl)benzamides34) with alkyl 2-
cyanoacetated4) or malononitrile under mild conditions as showrSicheme 1.9’

R2
o) =/

|
. AN N N . 3 CuCl, N82003
R NC._ R
i H ~
= X X DMSO, N,

X=Br, Cl
35

Scheme 1.9Copper-catalyzed one-pot tandem synthesis ofitmédazo-[1,2b]isoquinolin-

11-ones.

1.2.2. Earlier reports for the synthesis of thiend',2"5,6]pyrimido[l,2-
blisoquinolines:

In 2010, Kovtunenko and coworkers reported the gt of
thieno[3',2":5,6]pyrimido[1,D]isoquinoline-4,11(8l)-dione 39 from 2-

cyanomethylbenzoic acid8€). Reaction of cyanomethylbenzoic acid)3vith ethyl

3-amino-4-thiophenecarboxylate87) in chlorobenzene afforded compoun88)(

Further the compound3® was heated in acetic anhydride which on cyclorati
afforded compound3@) as shown in Scheme 1.19.

R1 (@]
e
@g HO N R Ao med "
OH * /8 STONTX
R®“Ng”™NH, PhCI HOOC 5

38
39

Scheme 1.10Synthesis of thieno[3',2":5,6]pyrimido[1f}isoquinoline-4,11(5)-dione from
2-(4-ox0-3,4-dihydrothieno[2,dlbenzoic acid.

1.3. Present work:

Our strategy towards synthesis of novel thienopygofl,2-bjisoquinolines

derivatives, we have developed a new and vers@uiemediated one pot domino

ﬁgd, 29

reactio under mild conditions without using any co-casalyigand or additive

8
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as shown in Scheme 1.11. To synthesize our targé&tcue, we envisioned a Cu-
mediated Ullmann-typ® coupling of 47) with alkyl 2-cyanoacetatel®) followed by
base promoted intramolecular cyclizations to afifmschpound 49).

R! Q 1 0
Jf\oa
NH
Rs | e R Cu(l), Base Re— | ,
S”ONH X ~ —_— STONTYR
(¢} =Y Pz
oo A
NS
47 49

Scheme 1.11 Synthesis of thienopyrimido[1@isoquinolines from alkyl 2-(2-

halobenzamido)thiophene-3-carboxylate.
1.4. Results and discussion:

1.4.1. Preparation of starting materials:

The key starting materiafll) required for our study was prepared by using a Gewa
reactiori* (a one-pot cyclocondensation of @methylene carbonyl compound aftd
substituted aceotonitrile derivatives with eleméstdfur in the presence of a strong
Lewis organic base, such as a secondary amine amgholine, which was first
described by Gewald and co-workers in 1960s) toord$f the required 2-
aminothiophene derivatives. Syntheses of variowsmiio substituted thiophenes

were shown in Table 1.1.

Table 1.1 Synthesis of 2-amino substituted thiopheviasGewald reactioA.

EtO
0 Sg, morpholine R! o
OEt %
R1J‘k‘ + NC/\n/ B ——— / \
R 0 EtOH, 80°C, R2-g” NH,
0 42 8-12h 41
Entry Compound4C) T(lrr]r;e Product 41) %Yield®
o) EtO
0
1 é 12 I\ 73
o~ NH,
40a 4l1a
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EtO
Q 0
2 é 12 I\ 78
S NH»
40b 41b
o) EtO

SN
o
(@]
N
[aiy
(@)

(o]
(0]
4 12 T\ 77
s NH,
40d 41d
0 EtO
® ;
5 N 8 Boc-N. 1\ " 80
éOC S
40e 41¢
Q EtO
O
EtO
N \
6 )N\ 8 gf /S N, 76
(o] OEt 4lfb
40f
EtO
0 Ph 0]
- Ff
Ph
7 12 /S\ NH, 68
409
419

®All the 2-aminothiophene derivative41) were prepared by using the corresponding ketone
with an ethyl cyanoacetate (1.0 equiv) in the pmeseof elemental sulfur (1.0 equiv),
morpholine (1.0 equiv) in EtOH under Gewald reactmmnditions."EtN (1.0 equiv) was

used as a base instead of morpholfilselated yield.
The reaction mechanism of the Gewald reaction:

The first step of the Gewald reaction is a Knoegehaondensation gf-substituted
acetonitrile 42) with ana-methylene carbonyl compoundQ (ketone or aldehyde) to
produce an intermediatel3), which on thiolation with elemental sulfur at the
methylene group of compoundtd) afforded the compound44). Finally, the
sulfurated compound4f) undergoes ring closunga nucleophilic mercaptide attack

10
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at the cyano carbon followed by a prototropic r@agement to afford the 2-

aminothiophene4l) as depicted in Scheme 1.12.

OFt EtO.__O
0 NCTY Et0._0O
1 o 42 R! Sg R~ CN

R2 R © (B—S\
a0 Base | (-\H r2 Base 2 (vsl s
-H,0 B . S 2
‘58’
EtO._ _O + EtO
/_‘H-B o EtO
R1 = = R1 — -S7 R1 (@]
(’C 'Ne — g NH — » m
. R )
R2 S\H/GS 2 H L,\Sr_\sl Rz S NH2
s 7
44 S\S,S 41
45

Scheme 1.12The reaction mechanism of the Gewald reaction.

The compound47) was synthesized from the 2-aminothiophe#® {ia coupling
with the corresponding acid chloridég] in the presence of base at room tempatrure

as shown in Scheme 1.13.

0]

1
R Q i 2R OEt
DIPEA, DCM, R~ |
2 ) Oft, [ © S
R | LN RT, 12h NH X
ST NH Y- X '
2 O | \Y
41 46 Z
47

Scheme 1.13Synthesis of compoundT).
1.4.2. Reaction optimization:

To establish the optimized reaction condition, wenmenced our studies by testing
the coupling of ethyl 2-(2-iodobenzamido)-4,5,&#dahydrobenzdithiophene-3-
carboxylate 47a) with ethyl cyanoacetatel®a under various conditions including
catalysts, base and solvents shown in Table 1.2.r&action was initially performed
in the presence of 0.1 equiv. of Cul and 3.0 eqoi\K,CO; in DMSO that provided
the highest yield of desired product (entry 1, €alil2). Effect of bases was
investigated by replacing X O; with Na,CO; that decreased the product yield (entry
2, Table 1.2) whereas the effect 0,C6; was found to be the same agl0; (entry

11
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3, Table 1.2). Several solvents were tested and OM&s found to be better than
DMF and 1,4-dioxane (entry 5-6, Table 1.2), whetedsene was not suitable for this
reaction (entry 7, Table 1.2). To improve the yigldher we changed other copper
source like CuBr that was found to be similarlyeetive like Cul (entry 8, Table 1.2)

whereas CuCl provided less yield of product (e@tryable 1.2). The reaction did not
proceed in the absence of catalyst indicating kdg played by the catalyst in the
present reaction (entry 4, Table 1.2).

Table 1.2 Reaction conditions and optimizatidn.

o o)
E
Q/S\/(:\HO tl ' NC\)OJ\OEt Cat:::jz:tase Q/Sj\):'\f I OFEt
o 48a o
47a 49a
Entry’ Catalyst Base Solvent Yiel@o)
1 Cul KoCOs DMSO 75
2 Cul NaCGOs DMSO 62
3 Cul CsCOs DMSO 74
4 - KoCOs DMSO 0]
5 Cul KoCOs DMF 69
6 Cul K.COs 1,4-Dioxane 42
7 Cul K:COs Toluene 0
8 CuBr KoCOs DMSO 72
9 CuCl KCOs DMSO 58

®Reactions were carried out usidga (1 mmol),48a (1.2 mmol), catalyst (0.1 mmol) and
base (3 mmol) in solvent (2 mL) at 85 °C for 3hemanhydrous conditions.

®|solated yield°No addition of catalyst.

12
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1.4.3. Scope of the reaction:

Having identified the optimal reaction conditiongwext examined the substrate
scope of this Cu-catalyzed domino reaction, andrélsalts are summarized in Table
1.3. Compound47) containing various substituents e.d, R® representing a fused
alicyclic (entry 1-5 and 9-15, Table 1.3) or azagtdlic ring (entry 6-8, Table 1.3) or
hydrogens (entry 18-19, Table 1.3) of R Ph and R= H (entry 16-17, Table 1.3)
afforded good to acceptable yield of desired prta&luthe other coupling partner
(48a-d)i.e. ethyl cyanoacetate, methyl cyanoacetatalanonitrile and 3-morpholino-
3-oxopropanenitrile were tolerated in this reactidhe reaction proceeded well in all
these cases afforded the desired products in gaeldl. yAll the compounds
synthesized were characterized by spectral (NMRMS8JY data. Some characteristic
signals appeared iiH and**C NMR spectra of a representative compout®f)(are
shown in the following figure (Figure 1.4). The appance of a peak &t12.91 ppm
in 'THNMR spectra of 49f) was due to amidic NH proton, signalsdal.80-1.64,5
1.98-1.88,6 3.42-3.35 were due to aliphatic cycloheptane npumgtons which is
attached to thiophene group and peaks 454,56 1.52 were corresponding to ester
group. The **C signals of carbonyl groups present in compout®d) (were observed
at5168.4 (ester)y158.5 (amidic) and155.8 (amidic) as shown in (Figure 1.4).

8 3.42-3.35 (m, 2H)

/ 51585 O 12.91(s, 1H)
o )
$ 1.98-1.88 (m, 2H) > J 8 4.54 (q, J = 7.1 Hz, 2H)
7 NS 561.9
STONTC YO
$2.91-2.82 (m, 2H) \
>/

4 155.8

8 1.80-1.64 (m, 2H)

$ 1.80-1.64 (m, 2H)~
<—§ 1.52 (t, J = 7.1 Hz, 3H)
8 168.4 $14.3

4 86.2

Fig. 1.4 CharacteristicH and**C NMR peaks 0f49f)

The molecular structure of a representative comggyd8h) was further confirmed
unambiguously by single crystal X-ray diffracticidy (Figure 1.5).

13
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Fig. 1.5 ORTEP representation of thel9h). Thermal ellipsoids are drawn at 50%

probability level.

Table 1.3 Copper catalyzed synthesis of compoud).{

Ot
s Cul, K,CO 32/\/6\ A
R SlNHX + NC__R? ul, KoLO3 R S\N\Rz
DMSO, 85 °C
0 48 o
47 49
_ Time Yield
S.No| Compound47) | Nitrile (48) | " Product 49) (%)°
) 0
// OEt OFt Q/fLNH 0]
L S H | Ncﬁof 5 STONTNY oEt
o) =
o
47a 49a
o)
2 S s
NC
N STONTY N
2 47a ol 7 o Oo
48b 69
49b
o)
Q\ﬁw
NC” N STONTN N
3 47a 48C 6 A 64
49c

14




Synthesis of thienopyrimido[1,2-b]isoquinolines ...

9] 0
g/ OEt Q/j\)LNH o}
NH STONTY N/\
Cl 8
AL 48b AP leo 61
Y/ X
47b 49d
o)
Q/jfu\NH o
47b 48a 6 ST ONTRYT ok
o7 ON 66
NN
49e

NH N™ OEt
48a 6
(0] I o =
70

o)
Qﬁw
CN
47c 48c¢ 7 STON >
o 61
49¢g
o)
OMe Q/ﬁNH o)
NC
47c Ag 7 STON oM | 72
48d o
49h
0 o
;/ OFt Q/jtu\NH o
NH 48a 9 STUNTNT OBt | g3
0=\ _ 0P N
\ I N
47d 49i
o 0
7 COEt /7 NH 9
S
NH | 48a 6 S N™ OEt 68
O% o =
47e 49)
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0
J | NH O
11 47e 48d S ;[éé%;kome 69
o P
49k
0 o
/’/ OEt éi]iﬂ\NH 0
S
S
12 5 N 48a N" OBt 72
%@ o _—
A7f 491
o)
(TIfLNH o}
13 47f 48b STONTS T::W 59
G o)
49m
Boc-N 0 )
// OEt BOC-N%NH
S CN
NH STONTX
14 o I 48c P
o 58
479 49n
0
BOC-NQ/fLNH o
STONTY OEt
15 479 48a O4L;%§§\ 63
490
Ph O ph O
%ﬁl{kOﬂ /N O
S
16 ™ 48a SN om
oﬂ*zzfy A 70
47h 49p
Ph O ph @
7 ] OEt <>j[%\NH o}
17 ST NH cl 48a STONTY OEt
07N 07N 62
N x
A7 49q
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0 0
%oa %NH 0
18 oL 48a 6 TN e
o 68
47j 49r
())L 0 0
eo” N i YN
// OEt EtO 7 | NH O
19 wi | 48a 6 TN
o%‘ / 0
47k 49s

®Reactions were carried out usifhg (1 mmol),48 (1.2 mmol), Cul (0.1 mmol) and,KO; (3
mmol) in DMSO (2 mL) under anhydrous conditions.

®|solated yield.
1.4.4. Proposed mechanism:

A plausible mechanism for the copper-catalyzedssis of compound) depicted
in Scheme 1.14. First, copper-catalyzed C-arylatbrsubstituted nitrile 48) with
(47) via copper catalyzed ullmann type intermolecular Ce@dbformation provided
F-1. Then Cul/base promoted intramolecular nucleoplitiack of NH to CN irF-1
leads toF-2 which then tautomerized tB-3. Finally, intramolecular amide bond

formation withinF-3 afforded the target compoundi).

R! (0] R!
RS~ | OFEt . NC._R? Cul, K,CO; R3— | N u -
- ST ONH
STONH X Y
oA |Y 48 -HX 0N IY
N
a7 > F-1
R1 (e} \
RO 1
3 2
S R R \-NH, R/ ][ (H
-EtOH R2 R2
-~ STONTX - STON
(@) Y H
! 0) = |Y ) = |Y
N
49 Fa o D
F-2

Scheme 1.14Proposed reaction mechanism.
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1.5. Pharmacology:

1.5.1.In vitro data:

Some of the compounds synthesized were evaluatedh&r PDE4 inhibitory
propertiesin vitro.>> Phosphodiesterases (PDE) are enzymes that deigteatzllular
cyclic nucleotides, cyclic adenosine monophospltefdP) and cyclic guanosine
monophosphate (cGMP) into inactive lineat Bonophosphate (Figure 1.6).
Phosphodiesterase 4 (PDE4) is a member of PDE enZgmily, exists in four
different isoforms (PDE4A, B, C and Bjandit is specific for the hydrolysis of cyclic

adenosine monophosphate (CAMP).

NH, NH,
NH
SN SN v Ky
N
N
N N/ N N/) </ | /)
0 Adenylate o cAMP specific N™ "N
WOH - ———— OH ——— o
0. O OH cyclase : PDEs ' ¢
P . _
d 9 o “P~on ?\P”O OH
R 0" -
6. 0
P<
O// O_
ATP cAMP AMP
0
(XX ; j
N
N N/ NH, </ fLNH /N NH
o Guanylate N N/)\NH cGMP specific ¢ | g
"OH - ————— z = N7 >N NH,
5 O;”OH cyclase 0 - 1OH PDEs 0 o
\P/\ ! )
" Qo 050 © o OH
o - 0 “OH o
0.0 o-
P
o ©
GTP cGMP GMP

Fig. 1.6 Enzymatic conversions of cyclic and linear nuties.

The inhibition of cellular responses like produnticand/or release of pro
inflammatory mediators, cytokines, and active oxygpecies in inflammatory and
immune cells are associated with elevated levels awyclic adenosine
monophosphat& Phosphodiesterase 4 (PDE4) plays a key roledrhyfurolysis of

acyclic adenosine monophosphate to adenosine mioosppate. Thus, inhibition of

18
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PDE4 results in an elevation of cAMP in these céflence, PDE4 can be useful
the treatment of inflammatory and immunologicaledises including ehma and
COPD. Notably, rolipra® was the first generation posphodiesterase inhit

showed adverse effects such as nauseevomiting.

The secondyeneration inhibitors like cilomila® (Ariflo) and roflumilas has reduced
these doséimiting side effect buttheir therapeutic index has delayed market lat
so far. Recent studies have indicated that PDE4Bype is linked to iflammatory
cell regulatiofi’ while the PDE4D subtype is implied in the emetispanse®® Hence,
it is necessary to develop next generation PDE4bittins possessing modere
selectvity towards PDE4B over PDE4I[Accordingly, we tested theopphodiesteras
inhibiting activity of our synthesized compounddieTcompounds were evalual
against PDE4B by using PDE4B enzyme isolated fré®c8lis14 with rolipram, as
reference compoun&ome of the compounds synthesized were testedsadridE4B
along with a known inhibitor rolipram using an enmy basecn vitro assay” The
compound 49d) showed (62%) inhibition when tested at uM. This was furthe
supported by the docking results (49d) with PDE4B proteinwhich wasexplained

in the following section.

1.5.2. Docking studies:

The docking studies of molecules were performedgugihe Maestro, version 9*°

The compoundsvere sketched in 3D format using build panel LigPrep module
was used to produce loanrergy conformers and refine thestructural paramete of
molecules. The crystal structure of PDF (PDB ID: 3D3P§° was obtained from th

protein data bank.

233 a
. ¥ ].e 278 i

Asp
o0 The
345

Asp
Asn 392
f f 305
w1T N e
= { L 233 i
ASN 395 A Y v sca 34 o L
~ | ASP 392
W } Leu
7 i ~ rY 303
/ — / X
¢ \ V. r 4 N o
- 3 > .‘ Pro
- | S’ 396 L/
GLN 443 4 9
.- 4
¥ wéh
é T 347

Gin
443
PHE 446

Ser
v p Ll 262

Fig. 1.7:Binding mode and interactions molec(49d) with PDE4B.
19




Chapter 1

(. " MET 347 ,
ASP 392 =
' ASP 275
PHE 446 ' ‘ et )

- /,” “ %’ /o
Y ' e k

~
/1 " g
HIE 278

A

Fig. 1.8 Binding orientation of molecule&l@d) at the active site pocket of PDE4B.

Thein silico binding studies of a representative compouttlf showed that oxygen
atom of morpholine ring and CO group participatetHibonding with NH of His-278
and OH of Tyr 233 respectively. A pi-pi stackingtween the molecule4@d) and
Phe-446 was also observed (Figure 1.7). The marhoihg of molecule49d) was
found to be well occupied in the partially chargetket of active site (Figure 1.8).

Table 1.4:Glide score and contributing parameters

Molecule ) -
GScore LipophilicEvdW PhobEn HBond LowMW

-0.05
49d -1.4 -4.28 -1.90 -0.90

1.6. Conclusion:

In conclusion, we have developed a new and gerstrategy involving one pot
Cu-mediated domino reaction for the synthesis ofvehoisoquinolino[2,3-
aJquinazolinones 49). The catalyst (Cul) used in this methodology ie&p and
readily available. The key starting material) required for our study was
prepared by using a Gewald type of reaction. Trecade reaction proceedsm
copper catalyzed Ullmann type C-C bond formatiogite an intermediati situ,
which subsequently undergo intramolecular nucleloptaddition of NH to CN
followed by intramolecular nucleophilic attack bynime to ester group. This

allows the formation of a fused ring leading to etiwpyrimido[l,2-

20
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blisoquinolines. A wide range of functional groupsre& well tolerated under the
reaction conditions employed. Some of these syitbdscompounds were tested
for PDE4B along with a known inhibitor rolipram agi an enzyme based vitro

assay, a representative compoudfld) showed (62%) inhibition of PDE4B. Since
COPD and asthma are major health burden worldwilech the present class of
compounds is of further interest. Overall, thisais inexpensive, convenient and
efficient copper-catalyzed protocol for the synikesof isoquinolino[2,3-

ajquinazolinones49).

1.7. Experimental section:
1.7.1. Chemistry

General methods Unless stated otherwise, reactions were perforametr nitrogen
atmosphere using oven dried glassware. Reactiome wenitored by thin layer
chromatography (TLC) on silica gel plates (60 F2¥#ualizing with ultraviolet light
or iodine spray. Flash chromatography was perforoedilica gel (230-400 mesh)
using distilled hexane, ethyl acetatd. NMR and**C NMR spectra were recodred in
CDCl; or DMSO4; solution by using a 400 MHz spectrometer. Protoandbal
shifts @) are relative to tetramethylsilane (TM&= 0.00) as internal standard and
expressed in ppm. Spin multiplicities are giversdsinglet), d (doublet), dd (doublet
of doublet), td (triplet of doublet), t (triplethd m (multiplet) as well as b (broad).
Coupling constants]) are given in hertz. Infrared spectra were rectme a FT- IR
spectrometer. MS spectra were obtained on a AgBéB0 series Triple Quard LC-
MS / MS spectrometer. High-resolution mass spgetRMS) were recorded using a
Waters LCT Premier XE instrument. Melting pointspjnwere determined by using
Buchi B-540 melting point appratus and are uncéecg:cChromatographic purity by
HPLC (Agilent 1200 series Chem Station software} wlatermined by using area
normalization method and the condition specifieg@ach case: column, mobile phase

(range used), flow rate, detection wavelength,ratehtion times.

1.7.1.1. Typical procedure for the synthesis of eyh 2-amino-4,5,6,7-
tetrahydrobenzolb]thiophene-3-carboxylate (41a)

21



Chapter 1

O Vam
oxs
/ \ NH,

S

A mixture of cyclo hexanone (1.06 mL, 10 mmol), ye¢tbyanoacetate (1.15 mL, 10
mmol), morpholine (0.90 mL, 10 mmol), sulphur (0.210 mmol) in ethanol (10

mL) was stirred and refluxed for overnight. Aftesngpletion of the reaction, the
reaction mixture was cooled to room temperaturethadsolvent was removed under
vacuum. The crude solid was washed with cold ethand filtered though sintered
funnel, dried under vacuunihe crude product was dissolved in dichlorometheame

washed with brine. The organic layer was collecsadl concentrated under low

vacuum to give the title compound.

Yield: 73% (1.83 g); brown solid; mp: 115-117 °@ {116.2-117.2 °C)*H NMR (400
MHz, CDCk) &: 5.93 (s, 2H), 4.25 (q] = 7.3 Hz, 2H), 2.68-2.71(m, 2H), 2.47-2.51
(m, 2H), 1.74-1.80 (m, 4H), 1.33 &= 7.3 Hz, 3H).

1.7.1.2. Ethyl 2-amino-5,6-dihydro-#-cyclopentalp]thiophene-3-carboxylate
(41b)

Compound 41b) was synthesized from cyclo pentanone following racedure

similar to that of compoundi{a)

Yield: 78% (1.79 g); brown solid; mp: 182-184 °@ (182.5-183.5 °C)'H NMR
(400 MHz, CDC}) 8: 5.89 (s, 2H), 4.23 (qJ = 7.3 Hz, 2H), 2.81-2.83 (m, 2H),
2.68-2.70 (m, 2H), 2.26-2.30 (m, 2H), 1.40Xt 7.3 Hz, 3H).

1.7.1.3. Ethyl 2-amino-5,6,7,8-tetrahydro-d-cycloheptajp]thiophene-3-
carboxylate(41c)

22
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Compound41c)was synthesized from cyclo heptanone followingaedure similar
to that of compound4{la).

Yield: 69% (1.47 g); light yellow solidmp: 88-90 °C (lit 89.5-90.5 °C}H NMR
(400 MHz, CDC}) 8 ppm: 5.77 (s, 2H), 4.27 (d,= 6.9 Hz, 2H), 2.97 () = 5.5 Hz,
2H), 2.57 (t,J = 5.6 Hz, 2H), 1.77-1.83 (m, 2H), 1.58-1.66 (m,)4H34 (t,J = 6.9
Hz, 3H).

1.7.1.4. Ethyl 2-amino-4,5,6,7,8,9-hexahydrocyclaafb]thiophene-3-carboxylate

(41d)
SN
o
Q/S\i"“"z

Compound 41d) was synthesized from cyclo heptanone following racedure

similar to that of compoundifa)

Yield: 77% (1.52 g); brown solid; mp: 48-50 °C (6-51 °C);"H NMR (400 MHz,
CDCl) &: 5.91 (bs, 2H), 4.29 (g} = 7.1 Hz, 2H), 2.85-2.81 (m, 2H), 2.68—2.64 (m,
2H), 1.68-1.44 (m, 6H), 1.35 (t= 7.1 Hz, 3H), 1.30-1.28 (m, 2H).

1.7.1.5. 6tert-Butyl 3-ethyl 2-amino-4, 5-dihydrothieno[2,3€]pyridine-3,6(7H)-
dicarboxylate (41e)

o)

o~
o)
Boc NC}/f\

S NH,

Compound 41e) was synthesized from N-Boc-4-piperidone andNE&s a base
following a procedure similar to that of compoudd ).
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Yield: 80% (1.31 g); light yellow solid; mp: 156-85C (lit 157-158 °C);'H NMR
(400 MHz, CDC}) 8: 6.05 (s, 2H), 4.35 (bs, 2H), 4.26 (b 7.2 Hz, 2H), 3.62 (1] =
4.8 Hz, 2H), 2.78 (bs, 2H), 1.48 (s, 9H), 1.34@&, 7.2 Hz, 3H).

1.7.1.6. Diethyl-2-amino-4,5-dihydrothieno[2,3]pyridine-3,6(7H)-
dicarboxylate (41f)

O
(0] S~
\_o>;N 4 | ©

S” > NH,

Compound 41f) was synthesized from ethyl 4-oxopiperidine-1-cagthate and EN

as a base following a procedure similar to thatawhpound41a)

Yield: 76% (1.32 g); brown solid; mp: 143-145 °@ (144-146 °C):'H NMR (400
MHz, CDCE) &: 6.02 (bs, 2H), 4.40 (s, 2H), 4.26 (o= 7.1 Hz, 2H), 4.17 (@ = 7.1
Hz, 2H), 3.66 (bs, 2H), 2.82 (bs, 2H), 1.33)t 7.1 Hz, 3H), 1.27 (tJ = 7.1 Hz,
3H).

1.7.1.7. Ethyl 2-amino-4-phenylthiophene-3-carboxgte (419)

Compound 41g) was synthesized from acetophenone following aeaoce similar

to that of compound4{la).

Yield: 68% (1.15 g); light green solid; mp: 97-90 (lit 97.5-98.5 °C)*H NMR (400
MHz, CDCL) &: 7.28-7.31 (m, 5H), 6.08 (bs, 2H), 6.06 (s, 1HL04(q,J = 6.9 Hz,
2H), 0.94 (tJ = 6.9 Hz, 3H),

1.7.1.8. Ethyl 2-aminothiophene-3-carboxylate (41h)
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0]
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NH,

S

A mixture of 1,4-dithiane-2,5-dithiol (1.0 g, 6.48mol), ethyl cyanoacetate (1.45
mL, 12.90 mmol), triethylamine (1.80 mL, 12.90 mjniol DMF was heated to 60 °C
for 1 h. After completion of reaction, reaction rmuse was cooled to room
temperature. The mixture was then diluted with ketdoetate (25 mL), washed with
water (3 x 20 mL) followed by brine solution (20 mLThe organic layers were
collected, combined, dried over anhydrous®@, filtered and concentrated under a
reduced pressure. The residue was purified by aolahtomatography using ethyl

acetate—hexane to give desired compoudiddh)(

Yield: 71% (0.81 g); off white solid; mp: 46-48 °@t 47-48 °C); *H NMR (400
MHz, CDCh) &: 6.97 (d,J = 5.7 Hz, 1H), 6.24 (dJ = 5.7 Hz, 1H), 6.06 (bs, 2H),
4.30 (q,J = 6.9 Hz, 2H), 1.38 () = 6.3 Hz, 3H).

1.7.1.9. Typical procedure for preparation of 2-io@® benzoyl chloride (46a)

@fLOH thionyl chloride Cl
I

75°C, 3h
46a

Thionyl chloride (10 equiv.) was slowly added te @+iodo benzoic acid (1 equiv.) at
0 °C and the reaction mixture was heated to 75f@H. Then, the reaction mixture
cooled to room temperature and excess of thionidricie removed under reduced

pressure to give desired product which was usdtduwithout any purification.

1.7.1.10. 2-Chloro nicotinoyl chloride (46b)

0]

N Cl

=

N~ “CI

Compound 46b) was synthesized from 2-chloro nicotinic acid faliog a procedure

similar to that of compoundi6a)
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1.7.1.11. Typical procedure for preparation of ethly2-(2-iodobenzamido)-4,5,6,7-
tetrahydrobenzolb]thiophene-3-carboxylate (47a)

o 0 o
Q/jfj\oa+ @f%M Q/j(u\oa
S”NH, | RT, 12 h STONH |
41a 46a OA\@

47a

To a solution of compoundt{a) (100 mg, 0.44 mmol) in dry DCM (5 mL), DIPEA
(0.15 mL, 0.88 mmol) was added at 0 °C under némogtmosphere. To this 2-iodo
benzoyl chloride (0.09 mL, 0.66 mmol) was slowlydad and the reaction mixture
stirred at room temperature for 12 h. After completof reaction, the reaction
mixture diluted with DCM (5 mL), washed with satted NaHCQ solution (15 mL),

followed by brine solution (10 mL), dried over anihgus NaSQO,, and concentrated
under reduced pressure. The residue was purifiedobymn chromatography using

ethyl acetate — hexane to give desired compodifid)(

Yield: 82% (165 mg); Light yellow solid; mp:109-1FC; R = 0.2 (20% EtOAai-
hexane); IR (KBr, cil): 3228, 2933, 1725, 1663H NMR (400 MHz, CDC}) &:
11.63 (bs, 1H), 7.94 (d,= 8.0 Hz, 1H), 7.54 (d] = 7.8 Hz, 1H), 7.43 () = 7.4 Hz,
1H), 7.16 (t,J = 7.4 Hz, 1H), 4.31 (q] = 7.0 Hz, 2H), 2.79 (t) = 5.4 Hz, 2H), 2.69
(t, J = 5.4 Hz, 2H), 1.86-1.78 (m, 4H), 1.36 Jt= 7.0 Hz, 3H);*C NMR (100 MHz,
CDCl3) 6: 166.5, 165.3, 146.9, 140.6, 140.5, 139.9, 13139,5, 128.5, 127.5, 112.5,
92.8, 60.6, 26.4, 24.4, 22.9, 22.8, 14.2; MS (ESgnhat55.7 (M+1); HPLC: 93.3%,
column: X Bride C-18 150*4.6mm p5 mobile phase A: 5mm Ammonium acetate in
water, mobile phase B: GBN, gradient T/B%: 0/20,2/20, 9/95, 15/95, 17/2(220

flow rate: 1.0 mL/min; UV 210 nm, retention time.22nin.

1.7.1.12. Ethyl-2-(2-chloronicotinamido)-4,5,6,7-teahydrobenzo[b]thiophene-3-
carboxylate (47b)
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(0]
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Compound 47b) was synthesized from the reaction 41.4¢) and @6b) following a

procedure similar to that of compounty &)

Yield: 77% (124 mg); Yellow solid; mp: 112-114 °®; = 0.2 (40% EtOAdal-
hexane); IR (KBr, cil): 3239, 2945, 1730,1658H NMR (400 MHz, CDC)) &:
12.22 (bs, 1H), 8.51 (s, 1H), 8.26-8.10 (m, 1H3077.36 (m, 1H), 4.35-4.29 (m, 2H),
2.79 (bs, 2H), 2.68 (bs, 2H), 1.80 (bs, 4H), 1.3341(m, 3H);**C NMR (100 MHz,
CDCl3) 6: 166.0, 161.0, 151.4, 147.4, 145.9, 139.8, 131129,7, 127.6, 122.5, 112.9,
60.5, 26.2, 24.2, 22.7, 22.6, 14.1; MS (ES masé%.8 (M+1); HPLC: 95.1%,
column: Symmetry C-18 75*4.6 mm 3.5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient T/B%: 0/50, 1/50, 4/98, 10.5/50, 126w~

rate: 1.0 mL/min; UV 210 nm, retention time 5.561mi

1.7.1.13. Ethyl-2-(2-iodobenzamido)-5,6,7,8-tetraklyo-4H-
cycloheptap]thiophene-3-carboxylate (47c)

(0]
: 2/ ” o™
S

NH |

Compound 47c) was synthesized from the reaction di.¢) and @6a) following a

procedure similar to that of compourd/ )

Yield: 76% (149 mgq); Light brown solid; mp: 96-9&€;°R = 0.2 (20% EtOAail-
hexane); IR (KBr, cil): 3236, 2986, 1732, 16584 NMR (400 MHz, CDC}) &:
11.52 (bs, 1H), 7.95 (d,= 7.6 Hz, 1H), 7.53 (d] = 7.4 Hz, 1H), 7.44 () = 7.6 Hz,
1H), 7.17 (tJ = 7.6 Hz, 1H), 4.33 (q] = 7.2 Hz, 2H), 3.07 () = 5.6 Hz, 2H), 2.77
(t, J=5.6 Hz, 2H), 1.89-1.84 (m, 2H), 1.72-1.61 (m)4H37 (t,J = 7.2 Hz, 3H)}°C
NMR (100 MHz, CDC})) &: 166.5, 165.3, 144.8, 140.7, 140.5, 139.9, 1363.8,
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131.7, 128.4, 113.8, 92.9, 60.8, 32.2, 28.7, 28738, 26.9, 14.2; MS (ES mass):
469.7 (M+1); HPLC94.2%, column: Symmetry C-18 75*4.6mm 38.5nobile phase

A: 0.1 % Formic Acid in water, mobile phase B: £H\, gradient T/B%: 0/50, 1/50,
3/98, 10/98, 10.5/50,12/50; flow rate: 1.0 mL/muy 210 nm, retention time 5.4

min.

1.7.1.14. Ethyl-2-(2-chloronicotinamido)-4,5,6,7-teahydrobenzo[b]thiophene-3-
carboxylate (47d)

Compound 47d) was synthesized from the reaction 4i.¢) and @6b) following a
procedure similar to that of compourd¥ )

Yield: 72% (113 mg); Light brown liquid®; = 0.2 (50% EtOAgi-hexane); IR (KBr,
cm?): 3189, 2919, 1725, 1662H NMR (400 MHz, CDGJ) &: 12.08 (s, 1H), 8.54
(dd,J = 4.7, 1.8 Hz, 1H), 8.18 (dd, = 7.6, 1.8 Hz, 1H), 7.40 (dd, = 7.6, 4.7 Hz,
1H), 4.37 (g,J = 7.1 Hz, 2H), 3.09-3.06 (m, 2H), 2.78-2.76 (m, 2H)89-1.84 (m,
2H), 1.71-1.61 (m, 4H), 1.39 (8 = 7.1 Hz, 3H);**C NMR (100 MHz, CDG)) &:
166.3, 161.2, 151.5, 147.6, 143.9, 140.0, 137.2,11330.0, 122.7, 114.4, 60.9, 32.2,
28.6, 28.2, 27.7, 26.9, 14.2; MS (ES mass): 37B181(; HPLC: 95.4%, column:
Symmetry C-18 75*4.6mm 3u5mobile phase A: 0.1% Formic acid in water, mobile
phase B: CHCN, gradient T/B%: 0/50, 1/50, 4/98, 10/98, 10.512060; flow rate:

1.0 mL/min; UV 210 nm, retention time 5.56 min.

1.7.1.15. Ethyl-2-(2-iodobenzamido)-4,5,6,7,8,9-texydrocyclooctalp]thiophene-
3-carboxylate (47¢e)
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Compound 47e)was synthesized from the reaction di.¢) and @6a) following a

procedure similar to that of compounty &)

Yield: 72% (137 mg); Light brown liquid; {R= 0.2 (10% EtOAgi-hexane); IR (KBr,
cm™): 3242, 2912, 1730, 16684 NMR (400 MHz, CDCJ) §: 11.70 (s, 1H), 7.95 (d,
J=7.9 Hz, 1H), 7.55 (dd) = 7.6, 1.2 Hz, 1H), 7.44 (§ = 7.5 Hz, 1H), 7.19-7.13
(m, 1H), 4.33 (g,) = 7.1 Hz, 2H), 2.92 (1) = 6.2 Hz, 2H), 2.77 (tJ = 6.2 Hz, 2H),
1.66 (d,J = 5.4 Hz, 4H), 1.52-1.45 (m, 2H), 1.37 {t= 7.1 Hz, 3H), 1.34-1.27 (m,
2H); **C NMR (100 MHz, CDGJ) &: 166.4, 165.2, 146.4, 143.4, 140.6, 139.8, 133.6,
131.9, 128.5, 128.3, 112.7, 92.8, 60.7, 32.3, ZB&, 26.4, 25.5, 25.4, 14.1; MS (ES
mass): 483.7 (M+1); HPLQ®4.6%, column: X Bridge C-18 150*4.6 mnmu,3mobile
phase A: 0.1 % Formic Acid in water, mobile phas€Bi;CN, gradient T/B%: 0/40,
2/40, 9/98, 16/98, 17/40,20/40; flow rate: 1.0 midmUJV 210 nm, retention time
12.28 min.

1.7.1.16. Ethyl-2-(2-iodobenzamido)thiophene-3-cadxylate (47f)

(/IU\O/_
S |

NH

Compound 47f) was synthesized from the reaction di.l) and @6a) following a

procedure similar to that of compourd/ )

Yield: 76% (178 mg); Light brown liquid®; = 0.2 (50% EtOAgi-hexane); IR (KBr,
cm): 3269, 2925, 1731,16784 NMR (400 MHz, CDCJ) §: 11.39 (bs, 1H), 7.97 (d,
J =7.9 Hz, 1H), 7.57 (dd) = 7.6, 1.5 Hz, 1H), 7.48-7.44 (m, 1H), 7.28 {d= 5.7
Hz, 1H), 7.19 (tb) = 7.6, 1.6 Hz, 1H), 6.83 (d, = 5.7 Hz, 1H), 4.38 (q) = 7.2 Hz,
2H), 1.38 (t,J = 7.1 Hz, 3H):**C NMR (100 MHz, CDGJ)) 5:165.5, 165.4, 148.1,
142.1, 139.4, 134.1, 128.7, 128.4, 124.0, 116.8.8,192.8, 60.8, 14.3; MS (ES
mass): 401.7 (M+1); HPL(8.4%, column: X-Bridge C-18 150*4.6 mnp,5mobile
phase A: 0.1 % Formic Acid in water, mobile phasé€B3CN, gradient T/B%: 0/20,
2/20, 9/98, 16/98, 17/20,20/20; flow rate: 1.0 midmUJV 220 nm, retention time
10.5 min.
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1.7.1.17. etert-butyl-3-ethyl-2-(2-iodobenzamido)-4,5-dihydrothiem[2,3-
c]pyridine-3,6(7H)-dicarboxylate (479)

Compound 47g) was synthesized from the reaction di¢)and @6a) following a

procedure similar to that of compounty &)

Yield: 81% (138 mgq); Light yellow solid; mp: 157495C; R = 0.2 (35% EtOAal-
hexane); IR (KBr, cil): 3252, 2924, 1731, 1687H NMR (400 MHz, CDCJ) &:
11.62 (s, 1H), 7.96 (&, = 7.9 Hz, 1H), 7.55 (dd] = 7.5, 1.0 Hz, 1H), 7.45 (d,= 7.7
Hz, 1H), 7.18 (d,) = 7.6 Hz, 1H), 4.55 (s, 2H), 4.33 @= 7.2 Hz, 2H), 3.67 (1) =
5.6 Hz, 2H), 2.91 (bs, 2H), 1.49 (s, 9H), 1.37J(t 7.1 Hz, 3H);**C NMR (100
MHz, CDCA) 6: 166.0, 165.4, 154.6, 147.7, 140.7, 140.5, 13032,2, 128.8, 128.6,
128.3, 112.0, 92.7, 80.2, 60.8, 42.8, 42.7, 280),(28.3, 14.1; MS (ES mass): 554.9
(M-1); HPLC: 94.1%, column: X-Bridge C-18 150*4.6mbu, mobile phase A: 5mm
ammonium acetate in water, mobile phase B:@W¥ gradient T/B%: 0/20, 2/20,
9/95, 15/95, 17/20, 20/20; flow rate: 1.0 mL/miny 210 nm, retention time 11.8

min.

1.7.1.18. Ethyl-2-(2-iodobenzamido)-4-phenylthiophee-3-carboxylate (47h)

0]

Ph
—
o
S |

NH
O%\@

Compound 47h) was synthesized from the reaction diLg) and @6a) following a

procedure similar to that of compounty &)

Yield: 74% (142 mg); Brown solidnp:147-149 °CRs = 0.2 (50% EtOAdi-hexane);
IR (KBr, cm): 3198, 2925, 1732, 16554 NMR (400 MHz, CDCJ) &: 11.68 (bs,
1H), 7.98 (dJ = 8.1 Hz, 1H), 7.59 (d] = 6.9 Hz, 1H), 7.47 (t) = 7.3 Hz, 1H), 7.36-
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7.28 (m, 5H), 7.24-7.16 (m, 1H), 6.70 (s, 1H),64(,J = 7.3 Hz, 2H), 0.92 (1) =

7.1 Hz, 3H):**C NMR (100 MHz, CDGJ) &: 165.8, 165.6, 149.4, 142.0, 140.6, 140.0,
137.5, 132.0, 129.0 (2C), 128.5, 128.3, 127.2 (2@K.9, 115.5, 112.4, 92.7, 60.5,
13.3; MS (ES mass): 477.7 (M+1)HPLC: 99.2%, column: Symmetry C-18
75*4.6mm 3.[, mobile phase A: 0.1% Tri flouro acetic acid intera mobile phase
B: CH3CN, gradient T/B%: 0/50,0.5/50, 4/98, 10/98, 100612/50; flow rate: 1.0
mL/min; UV 220 nm, retention time 5.46 min.

1.7.1.19. Ethyl-2-(2-chloronicotinamido)-4-phenyltiophene-3-carboxylate (47i)

o
S

NH cl

0]

—

N
Y/

Compound 47i) was synthesized from the reaction dfi§) and @6b) following a

procedure similar to that of compounty &)

Yield: 75% (117 mg); white solidnp:165-167 °CR; = 0.2 (70% EtOAdai-hexane);
IR (KBr, cm): 3211, 2935, 1724, 16634 NMR (400 MHz, CDCJ) &: 12.28 (bs,
1H), 8.58 (ddJ = 4.7, 1.9 Hz, 1H), 8.26 (dd,= 7.6, 1.9 Hz, 1H), 7.44 (dd,= 7.6,
4.7 Hz, 1H), 7.40-7.29 (m, 5H), 6.74 (s, 1H), 4@1J =7.1 Hz, 2H),0.94 ) =7.1
Hz, 3H); **C NMR (100 MHz, CDGJ) &: 165.7, 161.7, 151.8, 148.8, 147.7, 140.3,
140.2, 137.6, 129.6, 129.1 (2C), 127.4 (2C), 1212r.8, 115.9, 113.2, 60.7, 13.4,
MS (ES mass): 386.8 (M+1); HPLC: 97.2%, column: &etry C-18 75*4.6mm
3.5u, mobile phase A: 0.1% Formic acid in water, melphase B: CkCN, gradient
T/B%: 0/50,1/50,3/98, 10/98, 10.5/50,12/50; flowteral.0 mL/min; UV 210 nm,

retention time 4.53 min.

1.7.1.20. Ethyl-2-(2-iodobenzamido)-5,6-dihydro#4-cyclopenta[b]thiophene-3-
carboxylate (47))
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Compound 47j) was synthesized from the reaction 4i.lf) and @6a) following a

procedure similar to that of compounty &)

Yield: 80% (141 mgq); Light brown liquidR; = 0.4 (25% EtOAgi-hexane)]IR (KBr,
cm™): 3230, 2935, 1736, 1676H NMR (400 MHz, CDCJ) 5:11.7 (bs, 1H), 7.81-
7.78 (m, 1H), 7.49-7.35 (m, 3H), 4.30 (= 7.1 Hz, 2H), 2.94-2.86 (m, 4H), 2.43-
2.36 (m, 2H), 1.35 () = 7.1 Hz, 3H) **C NMR (100 MHz, CDGJ) §: 165.9, 165.1,
150.8, 142.2, 141.6, 140.5, 139.6, 132.9, 132.8,4,2109.2, 92.9, 60.6, 30.3, 28.9,
28.0, 14.3; MS (ES mass): 441.7 (M+BHPLC: 91.2%, column: X Bride C-18
150*4.6mm &, mobile phase A: 5Smm Ammonium acetate in waterhiteqhase B:
CHCN, gradient T/B%: 0/20,2/20, 9/95, 15/95, 17/2@R20 flow rate: 1.0 mL/min;

UV 210 nm, retention time 1.69 min.

1.7.1.21. Diethyl-2-(2-iodobenzamido)-4,5-dihydroikno[2,3<]pyridine-3,6(7H)-
dicarboxylate (47k)

Compound 47k) was synthesized from the reaction diLf) and @6a) following a

procedure similar to that of compourd/ )

Yield: 80% (141 mg); White solid; md12-114 °CRs = 0.2 (35% EtOAdai-hexane);
IR (KBr, cm®): 3213, 2935, 1736, 1669H NMR (400 MHz, CDC)) §: 11.55 (s,
1H), 7.89 (dJ = 7.9 Hz, 1H), 7.48 (dd] = 7.6, 1.4 Hz, 1H), 7.39 (fl = 7.5 Hz, 1H),
7.11 (dt,J = 7.7, 1.4 Hz, 1H), 4.53 (s, 2H), 4.26 (9= 7.1 Hz, 2H), 4.12 (@) = 7.1
Hz, 2H), 3.65 (tJ = 5.1 Hz, 2H), 2.86 (s, 2H), 1.30 (t,= 7.1 Hz, 3H), 1.22 (t) =
7.1 Hz, 3H);*C NMR (100 MHz, CDGJ) &: 165.9 (2C), 165.3, 155.3, 147.7, 140.5
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(2C), 139.3, 131.9, 128.5 (2C), 128.2, 92.6, 66(7, 42.5 (2C), 29.5, 14.5, 14.1;
MS (ES mass): 528.7 (M+1HPLC: 95.5%, column: Symmetry C-18 75*4.6mm
3.5u, mobile phase A: 0.1% Formic acid in water, molpil@se B: CECN, gradient

T/B%: 0/50, 1/50, 3/98, 10/98, 10.5/50,12/50; floate: 1.0 mL/min; UV 210 nm,

retention 4.73 min.

1.7.1.22. Typical procedure for preparation of 3-mgpholino-3-oxopropane
nitrile (48b)

[j 130°C, 4h NC\)LN

COzEt + o)

48b

A mixture of ethyl cyanoacetate (1 g, 8.89 mmold anorpholine (0.87 g, 8.89
mmol) was heated to 130 °C for 4 h and cooled twmrdemperature. The solid
obtained was washed with ethyl acetate and hexadefiered off to afford the
desired compoundigb).

Yield: 75% (1.02 g); brown solid; mp: 81-83 °Ct @2-84 °C);'H NMR (400 MHz,
DMSO-t) : 4.01 (s, 2H), 3.60-3.47 (m, 4H), 3.47-3.39 (M), 2833-3.27 (m, 2H).

1.7.1.23. Typical procedure for preparation of compund (49a)

o o)
J | OEt /) NH O
s Cul, K,CO; l

NH I, NC_COEt———— STONTRYT O

DMSO, 85 °C .
© 48a 8 ©

47a 49a

A mixture of compound47a) (100 mg, 0.22 mmol), $CO; (91 mg, 0.66 mmol),
ethyl cyano acetate18a) (0.03 mL, 0.31 mmol) and Cul (4.1 mg, 0.022 mmial)
DMSO (2 mL) was heated to 85 °C under anhydrouglitions (CaCj filled guard
tube) for 6 h. After completion of the reactionacBon mixture was cooled to RT,
diluted with ethyl acetate (15 mL) and passed thhooelite. The resulting solution
was washed with water (3 x 15 migllowed by brine solution (25 mL), dried over

anhydrous Nz50O;, and concentrated under reduced pressure. Thduessvas
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purified by column chromatography using ethyl atsethexane to give desired
compound 49a)

White solid mp: 232-234 °C; R= 0.2 (20% EtOAgi-hexane); IR (KBr, cil): 3096,
2932, 1680, 1638, 15884 NMR (400 MHz, CDCY) &: 12.92 (s, 1H), 8.56 (d] =
8.7 Hz, 1H), 8.50 (dd] = 8.3,1.2 Hz, 1H), 7.73,(0= 7.2 Hz, 1H), 7.44 (t)= 8.4 Hz,
1H), 4.55 (qJ = 7.1 Hz, 2H), 3.05 (dd] = 7.6, 3.5 Hz, 2H), 2.81 (fl = 5.2 Hz, 2H),
1.94-1.82 (m, 4H), 1.51 (f] = 7.1 Hz, 3H);™*C NMR (100 MHz, CDG)) §: 168.4,
158.5, 155.3, 143.6, 141.5, 134.7, 134.1, 134.0,8,3128.6, 125.3, 125.0, 118.8,
118.7, 86.5, 61.9, 24.8, 23.8, 22.6, 22.1, 14.3;(ES mass): 394.9 (M+1).

1.7.1.24. Compound (49b)
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Compound 49b) was synthesized from the reaction 474) and @8b) following a
procedure similar to that of compountbé)

Yellow solid; mp: 276-278 °C; R= 0.2 (60% EtOAgi-hexane); IR (KBr, cr):
3272, 2941, 16801605; *H NMR (400 MHz, CDC}) &: 9.45(s, 1H), 8.52 (dJ=
8.4Hz, 1H), 7.73 ()= 7.2 Hz 1H), 7.77-7.69 (m, 2H), 4.05-3.15 (m, 8H), 3.088.9
(m, 2H), 2.80- 2.04 (m, 2H), 1.95-1.80 (m, 4HJC NMR (100 MHz, CDGJ) s:
165.8, 158.2, 155.2, 141.7, 136.6, 134.2, 134.8.113131.0, 129.0, 125.3, 122.4,

118.7, 117.8, 91.7, 66.8 (2C), 46.4, 43.7, 24.60.28.7, 22.1; MS (ES mass): 433.9
(M-1).

1.7.1.25. Compound (49c)

(0]
< /?j[ NH N
S N

0]
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Compound 49c) was synthesized from the reaction d74) and @8c) following a

procedure similar to that of compountbé)

White solid; mp: 303-308 °C;:R 0.2 (40% EtOAgci-hexane); IR (KBr, cil): 3177,
2934, 2207, 1678, 16061 NMR (400 MHz, DMSOds) &: 8.29-8.27 (m, 2H), 7.87
(t, J=7.6 Hz, 1H), 7.66 (d] = 7.8 Hz, 1H), 7.49 () = 7.6 Hz, 1H), 2.91-2.86 (m,
2H), 2.77-2.74 (m, 2H), 1.83-1.74 (m, 4H); MS (E&g%): 345.9 (M-1).

1.7.1.26. Compound (49d)

Compound 49d) was synthesized from the reaction 474) and @8b) following a
procedure similar to that of compouri9a)

Brown solid;mp: 282-284 °C; R= 0.2 (80% EtOAdci-hexane); IR (KBr, cil): 3262,
2951, 1686, 1612'H NMR (400 MHz, CDC}) &: 9.77 (s, 1H), 8.96-8.89 (m, 1H),
8.72 (d,J=8.4 Hz 1H), 7.38-7.31 (m, 1H), 4.14-3.70 (m, 5H), 3.57B@n, 2H),
3.28-2.93 (m, 3H), 2.87-2.75 (m, 2H), 1.95-1.83 @h{); °C NMR (100 MHz,
CDCl;) 6: 165.8, 158.2, 155.6, 141.7, 136.6, 134.1, 13B31,0, 129.0, 125.3, 122.4,
118.6, 117.7, 91.7, 66.8 (2C), 44.6, 41.9, 24.92X.7, 22.1; MS (ES mass): 436.8
(M+1); HRMS (ESI): calcd for §H,:1N40,S (M+H)" 437.1284, found 437.1278.

1.7.1.27. Compound (49e)

Compound 49e)was synthesized from the reaction 47l§) and @8a) following a
procedure similar to that of compouri9a)
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Yellow solid mp: 247-249 °C; R= 0.2 (50% EtOAdi-hexane); IR (KBr, cr):
3186, 2932, 1688, 1632, 1589 NMR (400 MHz, CDCJ) &: 12.43 (s, 1H), 9.02-
8.99 (m, 1H), 8.69 (dd] = 7.2, 1.4 Hz, 1H), 7.37-7.34 (m, 1H), 4.57 Jc 7.1 Hz,
2H), 3.04 (tJ = 4.8 Hz, 2H), 2.81 () = 4.8 Hz, 2H), 1.93-1.84 (m, 4H), 1.48Jt=

7.1 Hz, 3H):**C NMR (100 MHz, CDGJ) &: 168.0, 158.5, 155.6, 155.0, 150.6, 144.6,
141.1, 136.5, 134.8, 131.0, 120.1, 118.8, 114.27,882.1, 24.8, 23.9, 22.6, 22.0,
14.2; MS (ES mass): 395.8 (M+1); HRMS (ESI): cafod CyH1gN304S (M+H)*
396.1013, found 396.1010.

1.7.1.28. Compound (49f)
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Compound 49f) was synthesized from the reaction d¥7¢) and @8a) following a
procedure similar to that of compouri9a)

White fluffy solid; mp: 188-189 °C; R= 0.2 (30% EtOAgi-hexane); IR (KBr, cr):
3141, 2974, 1682, 1632, 1588 NMR (400 MHz, CDCJ) 5: 12.91 (s, 1H), 8.54 (d,
J = 8.6 Hz, 1H), 8.45 (d) = 8.5 Hz, 1H), 7.69 (t) = 7.8 Hz, 1H), 7.40 (t) = 7.6 Hz,
1H), 4.54 (q,J = 7.1 Hz, 2H), 3.42-3.35 (m, 2H), 2.91-2.82 (m, 2#)98-1.88 (m,
2H), 1.80-1.64 (m, 4H), 1.52 (§, = 7.1 Hz, 3H);**C NMR (100 MHz, CDGJ) &:
168.4, 158.5, 155.8, 143.4, 139.7, 139.1, 13633,0, 133.9, 128.5, 125.2, 124.9,
119.1, 118.6, 86.2, 61.9, 32.5, 28.6, 27.8, 27720,214.3; MS (ES mass): 408.9
(M+1); HRMS (ESI): calcd for &H21N,0,S (M+H)" 409.1222, found 409.1204.

(0]
S N\CN

o]

1.7.1.29. Compound (499)
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Compound 49g) was synthesized from the reaction 47¢) and @8c) following a

procedure similar to that of compounté)

White solid mp: 311-313 °C; R= 0.2 (40% EtOAgi-hexane); IR (KBr, cri): 3185,
2916, 2849, 2209, 1661, 1548 NMR (400 MHz, DMSOds) &: 8.32 (bs, 1H), 8.25
(d,J=8.0 Hz, 1H), 7.87 () = 7.8 Hz, 1H), 7.65 (d] = 8.0 Hz, 1H), 7.50 (1 = 7.8

Hz, 1H), 3.28-3.26 (m, 2H), 2.87-2.82 (m, 2H), 21882 (m, 2H), 1.64-1.59 (m, 4H);
3C NMR (100 MHz, DMSOde) §: 158.3, 156.9, 144.5, 144.3, 139.9, 138.5, 135.9,
134.3, 128.6, 128.6, 118.8, 118.1 (2C), 115.3,,782%4, 28.2, 27.9, 27.2, 26.8; MS
(ES mass): 359.9 (M-1); HRMS (ESI): calcd fopgl@i6N30.S (M+H)" 362.0963,
found 362.0949.

1.7.1.30. Compound (49h)
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Compound 49h) was synthesized from the reaction 47¢) and 48d) following a

procedure similar to that of compounté)

Light yellow; mp: 239-243°C; R= 0.2 (30% EtOAgci-hexane); IR (KBr, ci): 3081,
2926, 1682,1650'H NMR (400 MHz, CDC}) & :12.89 (s, 1H), 8.48 (] = 8.5 Hz,
2H), 7.71 (t,J = 7.6 Hz, 1H), 7.42 () = 7.6 Hz, 1H), 4.06 (s, 3H), 3.41-3.35 (m,
2H), 2.91-2.84 (m, 2H), 1.95-1.89 (m, 2H), 1.7771(f, 4H);**C NMR (100 MHz,
CDCl;) 6: 168.8, 158.4, 155.7, 143.5, 139.7, 139.2, 138633,0, 133.7, 128.5, 125.2,
125.0, 119.1, 118.5, 86.0, 52.4, 32.5, 28.6, 2Z77&, 27.0; MS (ES mass): 392.9 (M-
1); HRMS (ESI): calcd for gH19N20,S (M+H)" 395.1066, found 395.1068.

1.7.1.31. Compound (49i)
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Compound 49i) was synthesized from the reaction 47¢) and @8a) following a
procedure similar to that of compouri9a)

Brown solid; mp: 165-167 °C;{R 0.2 (60% EtOAdci-hexane); IR (KBr, cil): 3075,
2989, 1689,1643, 15984 NMR (400 MHz, CDCJ) & : 12.47 (bs, 1H), 9.05-8.97 (m,
1H), 8.73 (dJ = 6.8 Hz, 1H), 7.40-7.33 (m, 1H), 4.57 (= 6.8 Hz, 2H), 3.43-3.35
(m, 2H), 2.93-2.85 (m, 2H), 1.93 (bs, 2H), 1.8051(6n, 4H), 1.48 () = 7.1 Hz,
3H); *C NMR (100 MHz, CDGJ) &: 167.7, 158.3, 155.3, 144.3, 139.2, 138.3, 136.7,
136.5, 126.2, 120.0, 119.1, 114.1, 113.8, 89.04,68L.7, 28.5, 27.6, 27.0, 26.9, 14.1;
MS (ES mass): 409.9 (M+1); HRMS (ESI): calcd fobiMoN3OsS (M+H)
410.1175, found 410.1162.

1.7.1.32. Compound (49j)

Compound 49j) was synthesized from the reaction d7¢) and @8a) following a
procedure similar to that of compouri9a)

Light browrr mp: 200-205 °C; R= 0.2 (30% EtOAdgi-hexane); IR (KBr, cil):
3082, 2986, 1680, 1651, 1588 NMR (400 MHz, CDCJ) & : 12.91 (s, 1H), 8.53 (d,
J =8.6 Hz, 1H), 8.46 (d) = 7.2 Hz, 1H), 7.69 () = 7.2 Hz, 1H), 7.40 (t) = 7.4 Hz,
1H), 4.54 (gJ = 7.1 Hz, 2H), 3.20 (tJ= 6.0 Hz, 2H), 2.88 (t)= 5.6 Hz, 2H), 1.80-
1.67 (m, 4H), 1.52-1.47 (m, 5H), 1.37-1.27 (m, 2HE NMR (100 MHz, CDG) &:
168.4, 158.5, 155.3, 143.5, 141.0, 137.8, 134.8,913133.5, 128.6, 125.3, 125.0,
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118.7 (2C), 86.4, 61.9, 32.2, 29.7, 26.0, 25.96284.2, 14.3; MS (ES mass): 422.8
(M+1); HRMS (ESI): calcd for &H»3N»04S (M+H)" 423.1379, found 423.1382.

1.7.1.33. Compound (49k)

Compound 49k) was synthesized from the reaction 47¢) and @8d) following a

procedure similar to that of compounté)

Light yellow; mp: 224-229 °C; R= 0.2 (30% EtOAci-hexane); IR (KBr, cil):
3081, 2993, 1682,1656H NMR (400 MHz, CDCJ) &: 12.91 (s, 1H), 8.57-8.44 (m,
2H), 7.73 (tJ = 7.2 Hz, 1H), 7.43 (t) = 7.2 Hz, 1H), 4.08 (s, 3H), 3.19 (.= 6.4

Hz, 2H), 2.91 (tJ =6.4 Hz, 2H), 1.85-1.67 (m, 4H), 1.65-1.43 (m, 2H}1-1.22 (m,
2H); **C NMR (100 MHz, CDGJ) &: 168.9, 158.6, 155.4, 143.6, 139.2, 137.9, 134.1,
133.8, 133.6, 128.6, 125.4, 125.1, 118.8, 118.73,862.4, 32.2, 29.8, 26.0, 25.9,
25.6, 24.3; MS (ES mass): 408.9 (M+1); HRMS (ES#cd for GuH2iN204S
(M+H)* 409.1222, found 409.1223.

1.7.1.34. Compound (49l)

O
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Compound 49I) was synthesized from the reaction é#7f) and @8a) following a

procedure similar to that of compouri9a)

White fluffy solid; mp: 194-197° C; R= 0.2 (40% EtOAgi-hexane); IR (KBr, cr):
3109, 2924, 1681, 1632, 1588/ NMR (400 MHz, CDC}) & : 13.07 (s, 1H), 8.55 (d,
J = 8.5 Hz, 1H), 8.49 (dd) = 8.0, 1.0 Hz, 1H), 7.74-7.70 (m, 1H), 7.59 {d+ 5.8
Hz, 1H), 7.44 (t) = 7.2 Hz, 1H), 7.32 (dJ = 5.8 Hz, 1H), 4.56 (o) = 7.1 Hz, 2H),
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1.53 (t,J = 7.1 Hz, 3H):™*C NMR (100 MHz, CDGJ) &: 168.3, 158.2, 154.8, 143.6,
143.2, 134.2, 133.7, 128.5, 125.3, 125.2, 124.6,11221.0, 118.5, 87.0, 62.1, 14.3;
MS (ES mass): 338.9 (M-1); HRMS (ESI): calcd fapidi3N,04S (M+H)" 341.0596,
found 341.0594.

1.7.1.35. Compound (49m)

Compound 49m) was synthesized from the reaction 47f) and @48d) following a

procedure similar to that of compounté)

Yellow solid mp: 206-210 °C; R= 0.2 (80% EtOAdi-hexane); IR (KBr, cr):
3086, 2915, 1678, 1613, 15584 NMR (400 MHz, CDCJ) & : 8.51 (d,J = 8.2 Hz,
1H), 7.77 (tJ = 7.6 Hz, 1H), 7.57 (d] = 6.0 Hz, 1H), 7.51-7.45 (m, 2H), 7.30 (&
5.8 Hz, 1H), 4.02-3.38 (m, 8H}’C NMR (100 MHz, DMSQdy) &: 163.8, 158.4
(2C), 143.6, 134.6 (2C), 134.1, 128.3 (2C), 12824.5, 123.2, 121.1, 118.5, 95.1,
66.5, 66.1, 46.9, 42.4; MS (ES mass): 379.9 (MHRMS (ESI): calcd for
C1oH16N304S (M+H)" 382.0862, found 382.0846.

1.7.1.36. Compound (49n)

O Y
Boc—N
Q/fNH o
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Compound 49n) was synthesized from the reaction 4¥7¢) and @8c) following a

procedure similar to that of compouri9a)

Brown solid;mp: 145-147 °C; R= 0.2 (50% EtOAci-hexane)iR (KBr, cni’): 3186,
2925, 2215, 1665, 15694 NMR (400 MHz, DMSOd6) &: 8.32-8.30 (m, 1H), 7.91
(t, J=7.9 Hz, 1H), 7.83 (s, 1H), 7.70 @z= 7.6 Hz, 1H), 7.57-7.50 (m, 1H), 4.64 (s,
2H), 3.67-3.60 (m, 2H), 3.00-2.94 (m, 2H), 1.4494); MS (ES mass): 447.0 (M-1);
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1.7.1.37. Compound (490)

o]
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Q/f‘\NH (@]
STONTY 0T

o)

Compound 490) was synthesized from the reaction 47¢) and 48a) following a
procedure similar to that of compouri9a)

White solid mp: 160-163 °CR; = 0.2 (50% EtOAgi-hexane)iR (KBr, cnmi?): 3091,
2928, 1689, 1648, 15934 NMR (400 MHz, CDCY) &: 12.98 (s, 1H), 8.57 (d] =
8.0 Hz, 1H), 8.48 (d) = 7.9 Hz, 1H), 7.79-7.71 (m, 1H), 7.50-7.41 (m, 1#p8 (s,
2H), 4.56-4.52 (m, 2H), 3.73 (bs, 2H), 3.14 (bs),2H57 (bs, 3H), 1.51 (s, 9HYC
NMR (100 MHz, CDCY) &: 168.4, 158.5, 155.1 (2C), 143.4, 138.7 (2C), 63837.2,
134.3, 133.9, 128.7, 125.4, 125.3, 118.6, 87.0},&R.1, 42.1, 42.0, 29.6, 28.4 (3C),
14.3; MS (ES mass): 494.0 (M-1).

1.7.1.38. Compound (49p)

Ph
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Compound 49p) was synthesized from the reaction 4¥lf) and @8a) following a
procedure similar to that of compouri9a)

Yellow solid mp: 230-232 °C; R= 0.2 (30% EtOAdi-hexane); IR (KBr, cr):
3087, 2919, 1689, 1644, 159 NMR (400 MHz, CDCJ) &: 12.99 (s, 1H), 8.63-
8.57 (m, 1H), 8.57-8.50 (m, 1H), 7.79-7.74 (m, 1H57-7.54 (m, 2H), 7.49-7.41 (m,
4H), 7.21 (s, 1H), 4.57 (d, = 7.1 Hz, 2H), 1.52 (tJ = 7.1 Hz, 3H);"*C NMR (100
MHz, CDCk) &: 168.2, 158.7, 154.5, 144.8, 143.4, 138.7, 1343&,2, 133.9, 129.4
(2C), 128.6, 127.9, 127.7 (2C), 125.3, 125.1, 122¥8.5, 117.5, 86.5, 62.0, 14.2;
MS (ES mass): 414.9 (M-1).
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1.7.1.39. Compound (49q)

ph 0
g/f\NH o)
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Compound 49q) was synthesized from the reaction d¥i) and @8a) following a
procedure similar to that of compouri9a)

Brick red solid mp: 177-179 °CR; = 0.2 (60% EtOAdci-hexane)IR (KBr, cm™):
3096, 2926, 1680, 1646, 1588 NMR (400 MHz, CDC}J) &: 12.37 (s, 1H), 9.03 (d,
J =2.9 Hz, 1H), 8.71 (dd] = 8.0, 1.5 Hz, 1H), 7.54-7.51 (m, 2H), 7.45-7.37 4H),
7.20 (s, 1H), 4.56 (q] = 7.1 Hz, 2H), 1.47 (t) = 7.1 Hz, 3H);**C NMR (100 MHz,
CDCls) 8: 167.6, 158.8, 155.7, 154.1, 150.5, 144.4, 14438,9, 136.5, 134.3, 130.8,
129.4 (2C), 127.9, 127.7 (2C), 122.4, 120.3, 118%7, 62.1, 14.1MS (ES mass):
417.8 (M+1).

1.7.1.40. Compound (49r)
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Q/\/\EU\NH O
S NT~ OEt

o]

Compound 49r) was synthesized from the reaction d¥jj) and @8a) following a

procedure similar to that of compouri9a)

Light brown solid; mp: 216-219 °@; = 0.2 (30% EtOAdi-hexane); IR (KBr, cil):
3081, 2993, 1682,16564 NMR (400 MHz, CDC}J) &: 13.00 (s, 1H), 8.55 (d} = 8.7
Hz, 1H), 8.48 (dJ = 7.9 Hz, 1H), 7.75-7.68 (m, 1H), 7.43 {t= 7.5 Hz, 1H), 4.56
(q,J = 7.1 Hz, 2H), 3.11 (t) = 7.2 Hz, 2H), 3.00 (&) = 7.2 Hz, 2H), 2.57-2.48 (m,
2H), 1.52 (t,J = 7.1 Hz, 3H):"*C NMR (100 MHz, CDGJ) &: 168.4, 158.4, 155.0,
145.4, 143.7, 141.5, 140.2, 133.9, 133.8, 128.5,312.25.0, 118.6, 116.0, 86.8, 62.0,
28.9, 28.7 (2C), 14.3; MS (ES mass): 378.9 (M-1)

1.7.1.41. Compound (49s)
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Compound 49s) was synthesized from the reaction 40K) and @8a) following a

procedure similar to that of compounté)

Brown solid mp: 190-192 °C; R= 0.2 (50% EtOAgci-hexane)iR (KBr, cnit): 3095,
2935, 1682, 1648, 1584 NMR (400 MHz, CDCY) &: 12.96 (s, 1H), 8.55 (d] =
8.6 Hz, 1H), 8.46 (dd) = 8.1, 1.2 Hz, 1H), 7.77-7.69 (m, 1H), 7.43Jt= 7.5 Hz,
1H), 4.72 (s, 2H), 4.55 (¢, = 7.1 Hz, 2H), 4.21 (¢) = 7.1 Hz, 2H), 3.78 (t) =5.2
Hz, 2H), 3.15 (s, 2H), 1.52 (§, = 7.1 Hz, 3H), 1.32 (dJ = 7.1 Hz, 3H):"*C NMR
(100 MHz, CDC}) 6: 168.3, 158.3, 155.5, 154.9, 143.3, 142.3, 134.2,(233.8,
128.6, 125.4 (2C), 125.2, 118.5, 118.1, 86.9, 6&118, 42.2 (2C), 29.6, 14.6, 14.3;
MS (ES mass): 395.9 (M-Gat+1).

1.7.2.Single crystal X-ray data for compound(49h).

Single crystals suitable for X-ray diffraction ¢f9h) were grown from methanol.
The crystals were carefully chosen using a stemmmzmicroscope supported by a
rotatable polarizing stage. The data were colleatetbom temperature on Bruker’s
KAPPA APEXII CCD Duo with graphite monochromated Me-Kadiation (0.71073
A). The crystals were glued to a thin glass fibre u$i@MBLIN immersion oil and
mounted on the diffractometer. The intensity dadémeaprocessed using Bruker’s suite
of data processing programs (SAINT), and absorptmmnections were applied using
SADABS (Bruker SADABS V2008-1, Bruker AXS.: MadisowI, USA, 2008. The
crystal structures were solved by direct methodsguSHELXS-97 and refined by
full matrix least-squares refinement &A with anisotropic displacement parameters
for non-H atoms, using SHELXL-97Sheldrick, G. M.; SHELX-97, Program for
Crystal Structure Determination, University of Giigen,1997).

Crystal data 0f49h): Molecular formula = gH;sN,0,4S, formula weight = 394.44,
crystal system snonoclinig space group 2/c,a=7.09 (1) Ab=12.017 (16) Ac
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=20.97 (3) AV =1783 (4) R, T=296 K,Z=4,D. = 1.469 Mg m°>, u(Mo-Ka) =
0.21 mm?, 17226 reflections measured, 4329 independelectiins, 2496 observed
reflections [I > 2.00 (I)], R;_obs= 0.071, Goodness of fitl=04. Crystallographic
data (excluding structure factors) f@9f) have been deposited with the Cambridge

Crystallographic Data Center as supplementary patitin number CCDC 902761.
1.7.3.Pharmacology
1.7.3.1. PDE4B protein production and purification

PDE4B1 cDNA was sub-cloned into pFAST Bac HTB vectmvitrogen) and
transformed into DH10Bac (Invitrogen) competentlxeRecombinant bacmids
were tested for integration by PCR analysis. Sf8sceere transfected with
bacmid using Lipofectamine 2000 (Invitrogen) acdogd to manufacturer’s
instructions. Subsequently, P3 viral titer was afiga, cells were infected and 48
h post infection cells were lysed in lysis buff@O(mM Tris-HCI pH 8.5, 10 mM
2-mercaptoethanol, 1 % protease inhibitor cockt@oche), 1 % NP40).
Recombinant His-tagged PDE4B protein was purified paeviously described
elsewheré® Briefly, lysate was centrifuged at 10,000 rpm 1@ min at 4 °C and
supernatant was collected. Supernatant was mixéld MiFNTA resin (GE Life
Sciences) in a ratio of 4:1 (v/v) and equilibrat@th binding buffer (20 mM Tris-
HCI pH 8.0, 500 mM-KCI, 5 mM imidazole, 10 mM 2-ncaptoethanol and 10 %
glycerol) in a ratio of 2:1 (v/v) and mixed gentin rotary shaker for 1 hour at 4
°C. After incubation, lysate-Ni-NTA mixture was ¢efuged at 4,500 rpm for 5
min at 4 °C and the supernatant was collected @slov-through fraction. Resin
was washed twice with wash buffer (20 mM Tris-HEl 8.5, 1 M KCI, 10 mM 2-
mercaptoethanol and 10% glycerol). Protein waseeligequentially twice using
elution buffers (Buffer I. 20 mM Tris-HCI pH 8.5,00 mM KCI, 250 mM
imidazole, 10 mM 2-mercaptoethanol, 10% glyceralffBr 1I: 20 mM Tris-HCI
pH 8.5, 100 mM KCI, 500 mM imidazole, 10 mM 2-mept@ethanol, 10%
glycerol). Eluates were collected in four fractiomsd analyzed by SDS-PAGE.
Eluates containing PDE4B protein were pooled arafest at -80 °C in 50%
glycerol until further use.
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1.7.3.2. PDE4 enzymatic assay

The inhibition of PDE4 enzyme was measured usingelRfpt HTS cAMP
phosphodiesterase assay kit (Lonza) according to nufaaturer’s
recommendations. Briefly, 10 ng of in house pudfi®DE4B1 or 0.5 ng
commercially procured PDE4D2 enzyme was pre-incedbagither with DMSO
(vehicle control) or compound for 15 min before ubation with the substrate
CAMP (5 uM) for 1 hour. The reaction was haltedhastop solution and reaction
mix was incubated with detection reagent for 10 uteis in dark. Dose response
studies were performed at 13 different concentraticanging from 200 uM to
0.001 pM. Luminescence values (RLUs) were measimed Multilabel Plate
Reader (PerklinElmer 1420 Multilabel Counter). Tgercentage of inhibition was
calculated using the following formula and the,d®@alues were determined by a
nonlinear regression analysis from dose responseecusing Graphpad Prism

software (San Diego, U.S.A). igvalues are presented as mean + SD.

(RLU of vehicle control — RLU of inhibitior)
X 100

% inhibition =
% inhibition RLU of vehicle control

Some of the synthesized compounds were testethdéor RDE4B inhibitory potential

in vitro at 30pM using PDE4B enzynieand rolipram as a reference compound.

1.7.3.3Docking Method:

The docking studies of molecules were performedchgishe Maestro, version 9.2
(Maestro, version 9.2; Schrodinger, LLC: New YoKY, 2012). The compounds
were sketched in 3D format using build panel andPtep module was used to
produce low-energy conformers and to refine thecttiral parameters of molecules.
The crystal structure of PDE4B (PDB ID: 3D3k3s obtained from the protein data
bank. The protein was prepared by giving prelimpareatment like adding
hydrogen, adding missing residues, refining theploeith prime and finally
minimized by using OPLS-2005 force field. Grids forolecular docking were
generated with bound co-crystallized ligand. Commuisuwere docked using Glide in
extra-precision mode (Glide, version 5.7; Schrodind.LC: New York, NY, 2012)
,with up to three poses saved per molecule. Ligavete kept flexible by producing
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the ring conformations and by penalizing non-padanide bond conformations,
whereas the receptor was kept rigid throughout dbeking studies. All other
parameters of the Glide module were maintainedheit tefault values. The lowest
energy conformation was selected and the ligaretantions (hydrogen bonding and

hydrophobic interaction) with the active sites &ff2B were determined.
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Amberlyst-15 mediated activation of vinylic
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benzimidazo/benzoxazoloisoquinolinones
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2.1. Introduction:

Oxygen and nitrogen containing heterocycles, esfigcibenzimidazole or
benzoxazoleand isoquinolinoriederivatives are omnipresent structural motif owing
to their occurrence in numerous natural products@rarmaceutical candidatels§,

Figure 2.1) that exhibit a wide range of biologiaativities.

1, Calcimycin

BOSTING

JOH
(0}
“OH
OH cl
3, BDCRB 4, Clemizole 5, Narciclasine
MeO N MeO N o Q
NH N._
HO CHs, <O:©iPN‘CH3
OH O (0] o}
6, Ruprechstyril 7, Thalifoline 8, Dorianine

Fig. 2.1 Benzoxazole or benzimidazole and isoquinolinoresel biologically active

scaffolds.

Due to their interesting pharmacological propertieempounds containing the
benzimidazole or benzoxazole and isoquinolinoneéwaork have attracted particular
attention in medicinal chemistry. However, theimtmned formi.e. (benzimidazo or
benzoxazolo) isoquinolinones depicted in Figure&e?largely remained unexplored
perhaps due to the limited or no accessibilityhis tlass compoundsThis prompted
us to explore a new and general method for acapdsenzimidazo[l,d] iso-
quinolin-11-one/benzoxazolo[3/3iso-quinolin-11-one derivatives. Accordingly, we

have developed a protocol mediated by a heterogeneatalysi.e. Amberlyst-15R

59



Chapter 2

for the synthesis of diverse small organic molesuased on benzimidazo /

benzoxolo isoquinolinone framework of potentiallbigical interes®.

Isoquinoli‘nqn

" “benzimidazo/ benzoxolo

Fig. 2.2 Structure of benzimidazo/ benzoxolo isoquinoli@®n

In recent years economic and environmental concdrage encouraged the
application of heterogeneous catalysis in orgamitthesis due to the operational
simplicity, and environmental compatibility of tipeocedure and reusability, low cost
and nontoxic nature of catalysts and ease of isolaif products. Thus, tremendous
upsurge of interest has attracted much attentiarards chemical transformation or
processes that occur under heterogeneous catedytditions. Amberlyst-15 is one of
those heterogeneous catalysts that contain a nratioular polystyrene based ion
exchange resin with strongly acidic sulfonic grq&pure 2.3). Thus, it serves as an
excellent source of strong acid. It makes reactiprocesses convenient,
environmentally benigmon-corrosive, and more economic. Owing to itsregéng
properties the cheap and nonhazardous catalysteAysb 15 has been explored as a

powerful catalyst for various organic transformaiaunder mild conditions.

—(CHCHy),——

SO;H

Amberlyst-15

Fig. 2.3Amberlyst-15

2.1.1. Synthetic application of Amberlyst-15 mediad chemical transformations.

In 2005, Das and co-workers have reported that Alydiel5 can act as an excellent
catalyst for the synthesis of 1,8-dioxo-octahydrdkanes 11) from aldehydes1()
and 5,5-dimethyl-1,3-cyclohexanedior® (n refluxing CHCN (Scheme 2.19.Also
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they synthesized 1,8-dioxo-decahydroacridines tekant yields when amines were
used along with aldehydes and 5,5-dimethyl-1dehexanedione as shown in
Scheme 2.%.

Q 0 Amberlyst-15, R O
reflux, 4.5-6.5 h
\’)\‘:L + R)I\ H . | |
°c CH4CN, 0
R=AYl 81.94%

Scheme 2.1Amberlyst-15 catalyzed synthesis of 1,8-dioxodcmoacridines.

In 2006, Yao and co-workers disclosed the synthesidiologically active 14-
substituted-1K¥l-dibenzop,j]xanthenes 13) when B-naphthol was reacted with
aldehydes in the presence of Amberlyst-15 undeheast-free condition as shown in
Scheme 2.2.

_ X X
o OH Amberlystgs, R
o neat,125 °C
T x Cr 1
0

20-120 min, 80-94%
R= Ph, Ar X=H,Br

10 12 13

Scheme 2.2 Synthesis of 14-substitued4ibenzop,jJxanthenes fromB-naphthol and
aldehydes.

In 2010, Liu and coauthors reported a simple aridble method for the direct
synthesis of quinoxalined.§) from diaminobenzene and 1,2-diketone in waterCat 7

°C using Amberlyst-15 as a catalyst as shown ire®eh2.3

- NH2 Oy R'  Amberlyst-15 (24 mol%) N R
R{- I » R~ I
I\ Yz + o R2 \X/ N/ R2
16

X~ "NH, H,0, 70 °C
14 15

X=CN

R'=R2= Aromatic, hetero aromatic

Scheme 2.3Amberlyst-15/HO catalyzed synthesis of quinoxalines

In 2009, Das and coworkers developed benzylatiahalylation of naphthols1Q)
by using benzylic and allylic alcohols respectivelythe presence of Amberlyst-15 in
refluxing 1,2-dichloroethane (DCE) as shown in $cbe.4?
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Ph OH
Pt /\{/OH
OH Ph OH OH
OO Amberlyst-15, DCE Amberlyst-15, DCE OO

refulx, 1 h, 79% refulx, 1 h, 79%
17 12 18

Scheme 2.4Benzylation and allylation of 2-naphthol with Aettyst-15.

In 2010, Ballini and coworkers demonstrated thatb&nyst-15 can be used for the
synthesis of furan derivatives. They synthesizedeaes of disubstituted furan
derivatives 21) from functionalized nitroalkanel 9) that was reacted with aldehydes
(20) in ethyl acetate in the presence of Amberlyst-ARtl Amberlyst-15 catalysts as
shown in Scheme 28,

(0]
[ R Amberlyst A21 o/\(\) NO, o Amberlyst-15 7\ R
O O + H » R
> _>No, R o

EtOAc, rt R" EtOAc, 55°C o)

19 20 HO 21

Scheme 2.5Amberlyst-15 catalyzed synthesis of furan denixest

In 2008, Abonia and coworkers reported the synthesof 2-
(pyridinylmethylene)indolin-3-one (23) from 2'-Aminochalcone 22) which
underwent intramolecular cyclization in the presemmf Amberlyst-15 in AcOH.
Unexpectedly, the reaction proceeded through aoSpeacess to give the compound
(23) as shown in Scheme 26.

0
R1
@\)H\ Amberlyst 15 m
NH, Ar ACOH R2 H Ar

Ar=2-or 4-pyr|d|nyl R'=R?=H, OCH,0
Scheme 2.6Synthesis of 2-(pyridinylmethylene)indolin- 3-aneom 2'-Aminochalcone.

In 2008, Hou and coauthors reported synthesis @fiotjoe derivatives from 2-
aminobenzophenone by using Amberlyst-15 in envirem&ly benign ionic liquid
[Bimn][PF6] as shown in Scheme 27.
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Ph 5 Ph
_ R?
@O . R1J\/R2 Amberlyst-15, N m
NH; [Bmin] | PFe| N” R
5
24 80°C, 3h, 72-84%
26
R'= Ph, Ar;
R2=H, Me

Scheme 2.7Synthesis of quinoline derivatives from 2-aminabephenone

In 2006, Das and Reddy developed a simple, mild, @fficient multicomponent
reaction for the synthesis d¢f-acetamido ketones29) using Amberlyst-15 as a
reusable catalyst from aromatic aldehyd#g,(enolizable ketones or keto este28)(
in the presence of acetyl chloride (AcCl) in aoérde (MeCN) at room temperature
as shown in Scheme 2*8This method offers better yields, shorter reactiores and
economic viability compared to the other multicomenot reactions for the synthesis

of p-acetamido ketones.

1 1 -Ac
i R Q o) Amberlyst-15, MeCN RYHN" O
i R
jij)LH . R4J\/R5 AcCl, rt, 5-7 h Ij)\/lw
R3 78-90% RS R®

27 28

Scheme 2.8Synthesis of-acetamido ketones from aromatic aldehydes anddstars.

In 2004, Das and Banerjee reported a single-stefticmmponent reaction of
anthranilic acid, orthoesters and amines leadingthte corresponding 4£8-
quinazolines 32), catalyzed by Amberlyst-15 under a solvent-freedibon as shown

in Scheme 2.4*

0 NH,
OH AN Amberlyst 15,
+ HC(OHR"; + || )
NH, 2/ = 5-15 min
R 81-97%
30 3

Scheme 2.9Synthesis of 4(3)-quinazolines from anthranilic acid, orthoestard amines.

In 2005, Wang and coworkers demonstrated that of Alydiel5 can be an effective
catalyst for the condensation reactions of ind¢83 with aldehydes34) to afford

bisindolylalkanes. The reaction was performed bgirsgl Amberlyst-15 to a stirring
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solution of indole and carbonyl compounds in aciétiba at room temperature and
the reaction was continued for 4h as shown in Sefgene®

% 0 Amberlyst-15,
_— =
N~ R TR A R2 \
H

CHa4CN, rt
34 61-99%

33
R=H or CH4

Scheme 2.10Synthesis of bisindolylalkanes from indoles alu&hydes

In 2009, Das and coworkers developed a metal frdé fOnctionalization method by
using Amberlyst-15 as a catalyst. In this methodous styrenes were reacted with
different aromatic or 1,3-dicarbonyl compounds j2-dichloroethane (DCE) at 80 °C
The styrenes37) underwent hydroarylation or hydroalkylation reans to produce
the diarylalkanes3g) and alkylation products38) respectively as shown in Scheme
2.111°

N o o 0O O
| 3
o Ar-H R e R R
R
Amberlyst-15, DCE ©/\/ Amberlyst-15, DCE
80 °C, 20-55 min 80 °C, 15-40 min
36 82-95% 37 74-95%

38
Scheme 2.11Amberlyst mediated C—H functionalization of styee

In 2010, Mallik et al reported cross aldol condensation of differemnaatic
aldehydes 10) including cinnamaldehyde 4{) with chroman-4-ones and 1-
thiochroman-4-ones3Q) in the presence of amberlyst-15 under microwaagliation

in a solvent free condition to afford the corregfiog (E)-3-arylidene 40) and E)-3-
cinnamylidene derivatives4p), respectively, in high yields as shown in Scheme
212"
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X 0] Amberlyst-15, X
MW, 3.5-5 min
+ Ar)J\H R N Ar
R o 79-91%

o}
39 o 1 40
X=0,8
Amberlyst-15, X
/\)j\ MW, 5 min
R X Ph
78-88%
O
42
X= O,S

Scheme 2.12Amberlyst mediated cross aldol condensation offreatic aldehydes.

In 2009, Kadam and coworkers reported that Ambed$scan act as a powerful
catalyst for the alkylation of activated arenesheteroarenes angtamido sulfones.
Friedel-Crafts alkylation of 1,2,4-trimethoxybeneef3) was achieved by using
variousa-amido sulfones44) in the presence of Amberlyst-15 in refluxing £CHp to
give the product45)in very good yield as shown in Scheme 243,

OMe OMe
MeO N HN -Cbz Amberlyst-15 MeO
R™ "Ts  CH,Cl,, reflux T
OMe OMe R
43 44 45

Scheme 2.13Amberlyst-15-catalyzed Friedel-Crafts alkylation.

Bandini et al reported Michael-type addition of indolesdg-unsaturated carbonyl
and nitro compounds by using Amberlyst-15 as aable catalyst. Michael addition
adduct 47) was obtained in 94% yield when 2-methylindole weescted with46) in

presence of Amberlyst-15 at room temperature ford8shown in Scheme 2.%4.

(0]
Q\)\ Amberlyst 15,
r.t, 18 h, 94% \

33 47

Iz

Scheme 2.14Amberlyst-15 catalyzed Michael-type conjugateitiold of indoles.

While amberlyst-15 catalyst played an important eroin various organic

transformations still there is a high demand to lexe this catalyst further for
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unknown reactions. In this context we have disceden new application of
Amberlyst-15R (a mild acidic resin) for the syntisesf our target moleculeBj the

design of which is presented in the following satti
2.1.2. Design of target B:

Due to our longstanding interest in the identifisatof novel PDE4 inhibitofé we
designed our target moleculBsfrom a known inhibitor CP-77059 (or methyl 3-(3-
benzyl-2,4-dioxo-3,4-dihydropyrido[2 @pyrimidin-1(2H)-yl)benzoatef* We
performed some structural modifications of the ctramework of CP-77059 as
shown in Figure 2.4. Thus the bicyclic ring of CR339 was transformed into a
tetracyclic ring followed by replacing tid-aryl group with an ester moiety to reach
the strictureA. Indeed, the docking studies as presented indResection suggested
that A could be a promising template for further explomt Therefore, a more
generic structur8 was designed for the generation of library of moles.

72\ Key role
- in H-
g 0 CO,Me X CO,Me Nzond'”g
N N— OFt ! A
o) N = 0 N —
/ N / N N

CP-77059
Fig. 2.4 Design ofA/B as novel inhibitors of PDE4

o
-5 - hydrophobic
interaction

2.1.3. Protein-Molecular Interactions in the Dockig Pose oMMolecule (49a)with
PDE4B:

The compound and a well known inhibitor of PDE4 e.g. rolipramredocked into
the PDE4B protein and their respective Docking esoand interactions were
observed. The study showed bindingfotdeep into the active site (docking score -
22.07) along with an H-bond interaction of carbonylygen of ester with the side
chain amino group of GIn 443 (Figure 2.5). We weagticularly encouraged by the
results of docking studies of our representativepoundA with PDE4 enzyme that

prompted us to make a plan for the synthesis otanget molecules.
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0 polar ¥ sidechain acceptor () solventresidue  ~+*nonconserved

Qaddic 4 sidachain donor matal complex “nonpresent

Qbasic  **backbone acceplor salven! contact @ inconsistent

0 greasy - backbone denor metal contact C-fﬁ@)"arere-arene
proximity ligand Oremptnr @)+ arene-cation
conlour EA[EUTE BXpoSUre

Fig. 2.5 Binding mode oA in PDE4B @
(PDBcodedXMY).

The docking Simulation was done w Chemical Computing Group’s Molecul
Operating Environment (MOE) software 2008.10 Vearsi6DOCK” application
Module.

The following Dock scores were obtained after dogkvith PDE4B proteil-

MOE Dock score(K.cal/mol)

Molecule PDE4B
Rolipram -22.94
A -22.07

2.2 Results and discussiol

2.2.1. Synthetic strategyfor target molecule (49):

We explored anovel methocfor the synthesis abur target molecules based fused
benzimidazo/benzoxazoloisoquinolin. The synthetic strategyvolved activation
of vinylic amino groupof compounc(48) that could potentiallyrigge! intramolecular
cyclization leading to4C) (or B, Scheme 2.15\We anticipatedhat themild acidic
resin Amberlyst-15could play an important role in the synthesisdesigned target
molecules as shown ifcheme 2.15. fparation of starting materials and ot

reaction sequences atescribed in the following sectic
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XH

O -
NN Amberlyst-15 :@: —
N
O
49

o}

48
X=NH, O, NR

Scheme 2.15Amberlyst-15 mediated activation of a vinylic amigroup of 48)

2.2.2. Preparation of key starting material (48) &54):

The required key starting material 3-amino-2-argxb-1,2-dihydroisoquinoline4g),
was synthesized from commercially available benZgBediamine or 2-aminophenol
via coupling with 2-iodo benzoyl chloride 1p followed by copper catalyzed cascade
reaction (mechanism of this cascade reaction isaggd in Chapter 1) as shown in
Scheme 2.18°A list of compound synthesized is presented in @&bl..

0
XH

Cl R XH N2 R
R XH ©f|k51 j@[ NCs3 " ]CE 1" we
R
]@: , R! NH | — » R N
R1 NH2 Et3N, DCM Cul, K2CO3
63-85%, r.t Y
50

DMSO, 1-5h ©
52 48

58-85%,100 °C

Scheme 2.16Synthesis of key starting materi4B).

Table 2.1: Synthesis of 3-amino-2-aryl-1-oxo-1,2-dihydroisoupline 48).?

Substrate | Time/ Yield®
Entry SubstratesR) (53) h Product 48) (%)
CC C0
OEt
NH | NC/\g N
1 OA@ 1.0 A\, 72
53a EtO” O
52a 48a
0
OMe N
2 52a NeTY 1.0 - 69
(6] 2
53b MeO”™ ~O
48b
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FeN
0

NC~ “CN
3 52a 4.0 67
53c N
48c
S L0
NC/\H/N\) /N
4 52a 0 3.0 NH; 58
0” N
48d
i8S
NC/\TNH2 .
o)
5 52a 3.0 = NH, 64
53e H,N" 0
48e
Me NH> gzN@Me
L, N
6 o’L i 53a 1.0 P NH, 65
EtO” O
52b 48f
gzNj@/Me
N
7 52b 53b 1.0 P NH, 64
MeO O
48¢g
5|2N]©/Me
N
8 52b 53c 4.0 _ 68
NH,
CN
48h
BIZN]@/Me
N
%
9 52b 53d 3.0 NH; 64
o) N/\
Lo
48i
MeO\C[NHZ gzNjg/OMe
NH | N
10 O)\© 53a 3.0 A \H, 83
Et0” SO
48]
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52c
5|2Nj©/OMe
N
11 52c 53b 4.0 = NH, 83
MeO O
48k
o T,
Cl NH | N Cl
12 OA@ 53a 1.0 = 85
EtO O
52d 48|
gzNjij[Cl
N Cl
13 52d 53b 1.0 P NH, 84
MeO™ ~O
48m
MeO OH
\C[ OHOJQ/OMG
NH | N
14 OA\@ 53a 3.0 ¥ NH, 68
EtO” ~O
52e 48n
OHO:©/OM6
N
15 52e 53e 50 = NH, 63
HoN (0]
480
OHOK)/OMG
N
=
16 52e 53d 50 NH, 60
o) N/\
(o
48p
MG\E:[OH OHO:©/MG
NH | N
17 OA@ 53a 3.0 A, 65
EtO O
52f 48q

®All the reactions are carried out using compo82d1 mmol),53 (1.2 mmol), KCO; (2.0
mmol) and 10 mol% Cul in DMSO (5 mL) at 85 °C undahydrous conditions.
PIsolated yield.
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The requisite Ethyl-2-(2-(alkylamino)phenyl)-3-amit-0xo-1,2-
dihydroisoquinoline-4-carboxylaté&4), was synthesized from#8) by selectiveN-
alkylation as shown in Scheme 2.17.

R3
R NH2 \
NH2 RSBI', K2003 R NH
1 R2 NH2 2
R N R
DMF, 16 h R! NTX
o) 82-93 %, rt o
48 54

R3= allyl, propargyl, benzyl,
cyanomethyl, 2-ethoxy-2-oxoethyl

Scheme 2.17Synthesis of key starting materigH.

2.2.3. Reaction optimization:

The Amberlyst-15 mediated intramolecular cyclizatiof ethyl-3-amino-2-(2-
aminophenyl)-1-oxo-1,2-dihydroisoquinoline-4-cargtate @8a was examined
initially in a variety of solvents to establish tlogtimized reaction conditions
(Table 2.2).

Table 2.2 Reaction conditions and optimization.

NH; H O
@[ NH, O Catalyst N OEt
[——

NN ©i =

OEt Solvent N
o 1.5h
0
48a 49a
Entry Catalyst Solvent Yiebd%6)

1 Amberlyst-15 MeCN 98 (95, 90, 88)
2 Amberlyst-15 PEG-800 92
3 Amberlyst-15 DMF 47
4 Amberlyst-15 MeOH 90
5 Amberlyst-15 HO 75
6 No cat. MeCN No reaction
7 Amberlite MeCN No reaction

®Reaction was carried out usidga (1.0 mmol), catalyst (10%, w/w) in solvent (5 nat)60

°C. "Isolated vyield. Catalyst was reused for additional three runs agdrds within
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parentheses indicate the corresponding yieldsscdn eun “The reaction was carried out at 75
°C.

The reaction proceeded well in MeCN, PEG and Me®#kitr(es 1, 2 and 4, Table
2.2) but not in DMF (entry 3, Table 2.2). Notabtlie reaction also proceeded in
water affording the produc#a) albeit in lower yield (entry 5, Table 2.2). The
reaction however, did not proceed in the absencknaberlyst-15 (entry 6, Table
2.2) indicating the key role played by the catalystthe present reaction. The
reaction also did not proceed in the presence othemn catalysi.e. Amberlite

(entry 7, Table 2.2). To test the recyclability thie catalyst, Amberlyst-15 was
recovered by simple filtration and reused for aiddial three times wherd9a)

was isolated without significant loss of its yidlentry 1, Table 2.2). Notably, all
these reactions do not require the use of any aterbsphere. Overall, Amberlyst-

15 in MeCN was found to be optimum for the preparabf (49a).
2.2.4. Scope of the reaction:

We then examined the generality and substrate sooie present reaction. A range
of substituents e.g. Me, OMe, CIl on thearyl ring and ester, CN, amide on the
isoquinolinone ring of 48) were well tolerated (Table 2.3). Moreover, the tieac
proceeded well irrespective of the nature of pgudittng amino group (e.g. primary or
secondary) on thi-aryl ring of @8). Secondary amine possessing variotigRups
like allyl, propargyl, benzyl, cyanomethyl or 2-ex)y-2-oxoethyl participated well in
the reaction. The generality of this methodologyswdemonstrated further by
synthesizing benzoxazolo[3®isoquinolin-11-ones  49v-y) where phenolic
hydroxyl group ofN-aryl ring of @8) participated in the reaction. All the desired
products were synthesized in good to excellentdgieand well characterized by
spectral (NMR, IR and MS) data. Some characteristjnals appeared it and**C
NMR spectra of a representative compou#éj)(are shown in the following figure
(Figure 2.6). The appearance of peakd #2.09 ppm ifHNMR spectra of49f) was
due to NH proton, singlet &t3.83 is due to methoxy group present in aromatig r
and peaks ab 4.54,5 1.52 were corresponding to ester grolihe *C signals of
carbonyl groups present in compouri®jj observed at166.4 (ester) and159.3

(amidic) as shown in (Figure 2.6).
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0 12.09 (bs, 1H) § 4.47 (q, J = 7.2 Hz, 2H)
3 3.83 (s, 3H) — H,CO l

/ 5 60.4
$56.0 NH ©Q
0" TCH,
S \ ~.

N 5 1.41 (t, J = 7.2 Hz, 3H)
5 T 5 166.4 5 15.1
$ 159.3

Fig. 2.6 CharacteristicH and**C NMR peaks 0f49j)

Table 2.3: Amberlyst-15 mediated synthesisbEnzimidazo[1,d]isoquinolin-11-

ones / benzoxazolo[3isoquinolin-11-ones 49).

2
X R R
:@: Amberlyst-15 X7
N Rl ———» O/N
R
_ CH4CN
3 o)

R2 e 60°C R
48 49
X=NH, NR% O
. Yield®
Entry Substrate4®) Time/h Product49) (%)
C|)'|2N O.__OFEt
) :
N N~
1 A 15 @N 98
Et0” Y0 0
48a 49a
C|)'|2N O~__OMe
)¢ :
N N~
2 . 2.0 @N 87
MeO (0] 0
48b 49b
5|2N CN
H
T~ 0
N
3 A, 7.0 @ 71
CN o
48¢c 49¢c
£0 °
' e
4 A\, 11.5 N~ 63
oy o
Lo :
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48d

8.5

65

EtO” ~O

15

91

W
N

7 “NH,
MeO” S0

2.0

83

7.0

75

12.0

61

10

15

92

11

2.0

91

12

2.0

93
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48| 49|
BlzN cl O._OMe
H
N: : :CI N~
13 A, 2.0 C,ON 90
0
MeO~ ~O cl
48m 49m
.
O._OEt
HN \\\\
. j@ N 89
14 N 3.5 @/N
7 NH, o
Et0” O 49n
54a
N
O.__OEt
JiN Me \\\\
1 e
15 N 35 @N 91
_ NH, Me I
Et0” O 490
54b
X
N oo
OHN \\\
) -
16 N 3.0 @N 89
ZNH, S
Et0” YO 49p
54c
A
\ —_ O OFEt
JiN =
xr N
17 N 3.0 ’@N 86
Z“NH, 5
Et0” SO 49q
54d
Ph
D O._OEt
oHN:@ Ph—
N~
18 N 4.5 O/N 95
Z“NH, I
EtO” S0 49r
54e
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h o Ox,-OFt
OHNJQ/OMG \\
N~
19 N 4.0 @N 95
= NH, MeO
EtO” YO 49s
54f
NC
for )
N—~
20 N 5.0 ON 96
7 NH, Me
EtO” SO 49t
549
Et0,C
le " O.__OEt
o :©/ e EtOZC\\
N—~
21 N 6.0 /C}/N 01
Z“NH, Me
Et0” O 49u
54h
OHO:©/OM6 0O OEt
N o
22 A 50 | @N 90
Et0” N0
48n 49v
OHo OMe Oy NH;
N O~
23 8.0 ON 85
Z NH, MeO
HN"S0 49w
480
HO OMe
o 0
24 7 NH, 8.0 O~ 72
o) h@ MeO/O/N
0
48p 49x
OHOj@/Me 1) OEt
N O~
25 A, 5.0 Me/@/N 03
Et0” N0
48 49y
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®All the reactions are carried out using compod8dl mmol) and Amberlyst-15 (10%,
w/w) in CH,CN (5 mL) at 60 °C under anhydrous conditidtsolated yield

2.2.5. Proposed mechanism:

Amberlyst-15 (Scheme 2.18), a macro reticular pghgne-based ion exchange
resin possessing strongly acidic sulfonic groupskn®wn to catalyze various

reactions involving carbonyl group.

XH
R XH R
NH, NH
R? —_— ) - XH
R N7 Amberlyst-15 R N

NH,
H_t=
—(CHCH,),— S p
o) ( 2)n Q
\ Y R2
48 48 E-1
SO,H l
R1 R R1 R R1 R

o N_X
E /j | 6;\?}\% b;ﬁm-b
R2
E-2
49
Scheme 2. 18Proposed reaction mechanism.

Thus, mechanisticall{iScheme 2.18), the intramolecular cyclization48)(seemed to
proceedvia a two-step process involving (i) a nucleophilitaek by the -XH moiety
of E-1 on its activated and nearby —C=N- affording thernmediateE-2 followed by
elimination of ammonia to give the desired compo(). An attempt to isolate the
intermediateE-1 or E-2 from the reaction of4@8a) under the condition employed

however failed, perhaps due to its rapid particgrain the next step leading (49a)

2.3. Pharmacology:

2.3.1.In vitro data:

Some of the compounds synthesized were tested figRIDE4B along with a

known inhibitor rolipram using an enzyme baseditro assay" The compounds

(49a), (499), and @9n) showed 61, 63, and 86% inhibition respectively whe
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tested at 3QM.
Table 2.4 In vitro data of compounds @ for inhibition of PDE4B enzyme.

% of PDE4B inhibition

Entry Compound No
@ 30 uM

0
NH
s on
N 61 %

0]

49a
0
Me\@[H OMe
2 N 63 %
0
499

{
@:N 3
.~ ~OEt
86 %

3 N
o

49n

A dose response study was carried out us#itn) as a representative compound

(Figure 2.7).

100
ICey=3.06 147 pM
fal (CoTIEHTY
8
z
E
m 404
=t
Lw
o 2
[\ R L
2
0o o1 1 10 100
49n (uM)

Fig. 2.7 Dose dependent inhibition of PDE4B by compouén).
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The compound49n) showed dose depended inhibition of PDE4B witk £ 3

UM (comparable to rolipram’s Kg~ 1.0 uM). Since COPD and asthma are major
health burden worldwide hence the present clasetdrocycles could be a new
template for the discovery of novel PDE4 inhibitors

2.4. Conclusion:

In conclusion, we have developed a new and genstategy involving
Amberlyst-15 mediated activation of vinylic amin@ogp for the synthesis of
novel benzimidazo/benzoxazoloisoquinolinones. Thatalgst used in this
methodology is an inexpensive, recoverable andatdesresin. The key starting
materials 48) & (54) required were prepareda Cu-mediated Ullman type of
coupling followed by base promoted cyclization efodobenzamides5@) with
appropriate cyano derivative$3) in the same pot (followed by selectiv
alkylation to preparé&4). A wide range of functional groups were well taled
under the reaction conditions employed. A serieamfel benzoxazolo[3,B}iso-
quinolin-11-ones 49v-y) were generated in moderate to excellent yields,
synthesis of this class has not been reportedeea®ome of these synthesized
compounds were tested for PDE4B along with a knowarbitor rolipram using an
enzyme basedn vitro assay, the representative compouddnf showed dose
dependent inhibition of PDE4B with g~ 3 uM (comparable to rolipram’s I§g ~

1 uM). Since COPD and asthma are major health burderidwide hence the
present class of compounds is of further inter®sfterall, our study indicate that
the present benzimidazo/benzoxazoloisoquinolinoreanéwork presented here

could be a new template for the discovery of nd®*@E4 inhibitors.
2.5. Experimental section:

2.5.1. Chemistry

General methods: Unless stated otherwise, reactions were performedeu
nitrogen atmosphere using oven dried glasswarectRes were monitored by
thin layer chromatography (TLC) on silica gel pai{®0 F254), visualizing with
ultraviolet light or iodine spray. Flash chromataghy was performed on silica gel
(230-400 mesh) using distilled hexane, ethyl aeet4f NMR and *C NMR

79



Chapter 2

spectra were recodred in CRRGIr DMSO+s solution by using 400 or 100 MHz
spectrometers, respectively. Proton chemical shift§ are relative to
tetramethylsilane (TMS) = 0.00) as internal standard and expressed in [@mmn
multiplicities are given as s (singlet), d (doubledd (doublet of doublet), td
(triplet of doublet), t (triplet) and m (multiples well as b (broad). Coupling
constants J) are given in hertz. Infrared spectra were recdrom a FT- IR
spectrometer. MS spectra were obtained on a Agt&id0 series Triple Quard
LC-MS / MS spectrometer. Melting points (mp) werg bsing Buchi B-540
melting point appratus and are uncorrect€dromatographic purity by HPLC
(Agilent 1200 series Chem Station software) wasemined by using area
normalization method and the condition specifiedeath case: column, mobile

phase (range used), flow rate, detection waveleragttl retention times.

25.1.1. Typical procedure for preparation of N-(2-aminophenyl)-2-
iodobenzamide (52a)

NH,
NHz Et;N, DCM, @[
e My
NH2 RT,0.5h )\©

0)

52a

To a solution of compound benzene-1,2-dian{it® mg, 0.92 mmol) in dry DCM (5
mL), triethylamine (0.11 mL, 1.10 mmol) was added 0a °C under nitrogen
atmosphere. To this 2-iodo benzoyl chloride (0.13 ;92 mmol) was slowly added
and the reaction mixture stirred at room tempeeafar 0.5 h. After completion of
reaction, the reaction mixture diluted with DCM (bfL), washed with saturated
NaHCG; solution (15 mL), followed by brine solution (1(Ljndried over anhydrous
NaSQy, and concentrated under reduced pressure. Thdueesvas purified by

column chromatography using ethyl acetate — hek@agese desired compoun8Za).

Yield: 89% (275 mg); light yellow solid; mp: 130-23C; R; = 0.2 (50% EtOAch-
hexane); IR (KBr, ci): 3436, 3352, 3262, 3035, 1644 NMR (400 MHz, CDCJ)
8:7.92 (d,J = 8.0 Hz, 1H), 7.57 (dd) = 7.6, 1.2 Hz, 1H), 7.46-7.38 (m, 3H), 7.18
(dd,J = 8.0, 1.6 Hz, 1H), 7.11-7.09 (m, 1H), 6.86 (dd; 8.8, 1.2 Hz, 2H), 3.96 (s,
2H); °C NMR (100 MHz, CDGJ) &: 167.7, 141.8, 140.8, 139.9, 131.4, 128.5, 128.3,
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127.6, 125.3, 123.4, 119.5, 118.1, 92.4; MS (ESsm&38.9 (M+1); HPLC: 95.5%,
column: Symmetry C-18 75 x 4.6 mm j3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,51P0,
12/20; flow rate: 1.0 mL/min; UV 210 nm, retentibme 3.74 min.

2.5.1.2.N-(2-Amino-4-methylphenyl)-2-iodobenzamide (52b)

Compound %2b) was synthesized from 4-methylbenzene-1,2-dianfalewing a

procedure similar to that of compourR4).

Yield: 95% (270 mg); white solidnp: 140-142 °CRs = 0.2 (30% EtOAch-hexane);

IR (KBr, cmi): 3426, 3312, 3139, 3028, 1642 NMR (400 MHz, CDCJ) &: 7.91
(d,J = 7.6 Hz, 1H), 7.55 (dd) = 7.6, 1.6 Hz, 1H), 7.43 (f] = 7.2 Hz, 1H), 7.31 (s,
1H), 7.23 (dJ = 8.4 Hz, 1H), 7.17-7.13 (m, 1H), 6.66-6.64 (m, 2BP1 (bs, 2H),
2.28 (s, 3H)*C NMR (100 MHz, CDGJ) 5: 167.8, 142.0, 140.9, 139.9, 137.7, 131.4,
128.5, 128.3, 125.4, 120.7, 120.3, 118.5, 92.40;24S (ES mass): 352.9 (M+1);
HPLC: 96.0%, column: Symmetry C-18 75 x 4.6 mmu3.&obile phase A: 0.1 %
Formic Acid in water, mobile phase B: @EN, gradient (T/%B): 0/20, 0.5/20, 4/98,
10/98, 10.5/20, 12/20; flow rate: 1.0 mL/min; UV@Am, retention time 4.01 min.

2.5.1.3.N-(2-Amino-4-methoxyphenyl)-2-iodobenzamide (52c)
O\©:NH2
NH |
0

Compound %2c) was synthesized from 4-methoxybenzene-1,2-diarfollewing a

procedure similar to that of compourkR4).

Yield: 63% (168 mg)white solid;mp: 182-184 °CR; = 0.4 (50% EtOAch-hexane);
IR (KBr, cmi'): 3439, 3356, 3265, 3043, 1638 NMR (400 MHz, DMSOds) &:
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9.52 (s, 1H), 7.93 (t) = 6.7 Hz, 1H), 7.54 (td) = 7.2, 1.8 Hz, 1H), 7.49 (1 = 7.3
Hz, 1H), 7.21 (dt) = 7.6, 1.5 Hz, 1H), 7.13 (d, = 8.2 Hz, 1H), 6.34 (dJ = 2.4 Hz,
1H), 6.19 (dd,J = 8.2, 2.5 Hz, 1H), 4.96 (bs, 2H), 3.68 (s, 3HE NMR (100 MHz,
DMSO-tg) 8: 168.3, 158.6, 144.4, 143.6, 139.3, 131.2, 1284.4, 127.5, 116.3,
102.3, 101.0, 94.1, 55.3IS (ES mass): 369.0 (M+1HPLC: 93.5%, column:
Symmetry C-18 75 x 4.6 mm Zi5mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/50, 1.0/50, 9/98, 16/98,5/80, 12/50;

flow rate: 1.0 mL/min; UV 220 nm, retention timet3.min.

2.5.1.4 N-(2-Amino-4,5-dichlorophenyl)-2-iodobenzamide (52d)

Cl:@NHZ
cl NH |

Compound %2d) was synthesized from 4,5-dichlorobenzene-1,2-dianfollowing a

procedure similar to that of compourkR4).

Yield: 73% (168 mg)jight red solid; mp: 220-222 °(Rs = 0.3 (30% EtOAc/ih-
hexane)iR (KBr, cmi?): 3393, 3318, 3220, 3037, 1656 NMR (400 MHz, DMSO-
de) 8: 9.77 (bs, 1H), 7.91 (dl = 7.5 Hz, 1H), 7.61 (s, 1H), 7.56 (@,= 7.5 Hz, 1H),
7.48 (t,J = 7.4 Hz, 1H), 7.21 (t) = 7.4 Hz, 1H), 6.95 (s, 1H), 5.42 (bs, 2HjC
NMR (100 MHz, DMSOsdg) 6: 168.5, 142.9 (2C), 139.3, 131.5, 128.7, 128.8.22
126.5, 122.9, 116.4, 116.3, 94.BS (ES mass): 406.9 (M+1); HPLC: 92.1%,
column: Symmetry C-18 75 x 4.6 mm j3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,51P0,
12/20; flow rate: 1.0 mL/min; UV 210 nm, retentibme 4.66 min.

2.5.1.5.N-(2-Hydroxy-4-methoxyphenyl)-2-iodobenzamide (52€)
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Compound %2e) was synthesized from 2-amino-5-methoxyphenol Wiy a
procedure similar to that of compourR4).

Yield: 87% (230 mg); brown solid; mp: 176-178 °R; = 0.2 (30% EtOAc/n-
hexane);IR (KBr, cm?): 3563, 3277, 2953, 1518H NMR (400 MHz, CDC}) &:
7.96 (s, 1H), 7.94-7.92 (m, 2H), 7.62-7.56 (m, ZH47 (t,J = 7.6 Hz, 1H), 7.25-7.15
(m, 1H), 7.01 (ddJ = 9.2, 2.8 Hz, 2H), 3.79 (s, 3H)’*C NMR (100 MHz, CDG)) &:
168.4, 153.5, 141.9, 140.7, 140.1, 131.9, 128.8.312125.7, 119.6, 112.5, 107.4,
92.4, 55.8; MS (ES mass): 369.9 (M+1); HPLC: 95.286umn: Symmetry C-18 75 x
4.6 mm 3.5, mobile phase A: 0.1 % Formic Acid in water, melphase B: CECN,
gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/2%/20; flow rate: 1.0 mL/min; UV
210 nm, retention time 4.22 min.

2.5.1.6. Typical procedure for preparation of ethyB-amino-2-(2-aminophenyl)-1-

0x0-1,2-dihydroisoquinoline-4-carboxylate (48a)

NH NH,
@E 2 Cul, K,CO4 NH, O
_—
NH 1Y NC.__CO,Et NN OFt
3 DMSO, 85 °C
0 53a o
52a 48a

A mixture of compound52a) (100 mg, 0.29 mmol), ¥CO; (80 mg, 0.58 mmol),
ethyl cyano acetatéb8a) (0.03 mL, 0.34 mmol) and Cul (5.5 mg, 0.029 mmial)
DMSO (2 mL) was heated to 85 °C under anhydrouglitions (CaC{ filled guard
tube) for 1h. After completion of the reaction, géan mixture was cooled to RT,
diluted with ethyl acetate (15 mL) and passebugh celite. The resulting solution
was washed with water (3 x 15 mL) followed by brgwution (25 mL), dried over
anhydrous Nz5O;, and concentrated under reduced pressure. Thduessvas
purified by column chromatography using ethyl atsethexane to give desired

compound 48a)

Yield: 72% (69 mg)white solid; mp: 150-152 °C;{R 0.2 (30% EtOAch-hexane);
IR (KBr, cm®): 3460, 3322, 3227, 2986, 1645, 1589;:NMR (400 MHz, CDC}J) &:
8.51 (d,J = 8.6 Hz, 1H), 8.30 (dJ = 7.9 Hz, 1H), 7.60 (t) = 8.0 Hz, 1H), 7.32 (1)
= 7.6 Hz, 1H), 7.25 (d) = 5.7 Hz, 1H), 7.21 (d) = 7.4 Hz, 1H), 7.09-7.07 (m, 1H),
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6.99 (bs, 1H), 6.95-6.91 (m, 2H), 4.43 (o= 7.1 Hz, 2H), 3.71 (s, 2H), 1.47 (@,=

7.1 Hz, 3H);**C NMR (100 MHz, CDGJ) &: 169.3, 161.5, 153.2, 136.7, 133.4, 131.1,
129.4, 128.4 (2C), 124.6 (2C), 123.0, 120.0, 11919,.6, 84.0, 60.5, 14.54S (ES
mass): 324.1 (M+1)HPLC: 99.3%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mohikease B: CHCN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/@y rate: 1.0 mL/min; UV 230 nm,

retention time 4.46 min.

25.1.7. Methyl-3-amino-2-(2-aminophenyl)-1-oxo-1;8ihydroisoquinoline-4-
carboxylate (48b)

NH,
@( NH, O
N™ OMe

)

Compound 48b) was synthesized from52a) and methylcyanoacetate53b)
following a procedure similar to that of compoud@4).

Yield: 69% (63 mg); yellow solid; mp: 168-170 °R; = 0.2 (50% EtOAch-hexane);

IR (KBr, cmi*): 3445, 3356, 3202, 2931, 1636, 15%13;NMR (400 MHz, CDCJ) &:
8.45 (d,J = 8.8 Hz, 1H), 8.35-8.27 (m, 1H), 7.61 {t= 7.6 Hz, 1H), 7.37-7.29 (m,
1H), 7.23-7.21 (m, 1H), 7.18-7.00 (m, 3H), 6.95%(fn, 2H), 3.96 (s, 3H), 3.71 (bs,
2H); **C NMR (100 MHz, CDGJ) &: 169.7, 161.5, 153.3, 143.6, 136.5, 133.5, 131.1,
129.4, 128.4, 124.6, 123.0, 119.9 (2C), 119.8,8,183.9, 51.3MS (ES mass): 310.1
(M+1); HPLC: 99.0%, column: Symmetry C-18 75 x #nén 3.5u, mobile phase A:
0.1 % Formic Acid in water, mobile phase B: £, gradient (T/%B): 0/20, 0.5/20,
4/98, 10/98, 10.5/20, 12/20; flow rate: 1.0 mL/mily 230 nm, retention time 4.17

min.

2.5.1.8. 3-Amino-2-(2-aminophenyl)-1-oxo-1,2-dihyaisoquinoline-4-carbonitrile
(48c)
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Compound 48c) was synthesized fronmb2a) and malononitrile 3¢ following a
procedure similar to that of compourt8é).

Yield: 67% (54 mg)jight yellow solid; mp: 134-137 °CR: = 0.2 (40% EtOAch-
hexane);IR (KBr, cm'): 3463, 3340, 3213, 2968, 2204, 1656, 1566NMR (400
MHz, DMSO-) 6: 8.03-7.96 (m, 2H), 7.72-7.66 (m, 2H), 7.45-7.40 (tH), 6.97-
6.89 (m, 1H), 6.88 (d) = 8.8 Hz, 1H), 6.63 (tJ = 7.6 Hz, 1H), 5.71 (bs, 2H), 5.25
(bs, 2H);**C NMR (100 MHz, DMSOdg) &: 161.1, 152.7, 143.8, 135.9, 134.1, 131.2,
129.1, 128.4, 123.7, 121.6, 119.5, 119.1, 119.0,5/1112.0, 80.3; MS (ES mass):
277.1 (M+1); HPLC: 95.0%, column: Symmetry C-18 75 x 4.6 mmu3.Bobile
phase A: 0.1 % Formic Acid in water, mobile phaseCBi;CN, gradient (T/%B):
0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/20; floweral.0 mL/min; UV 230 nm,

retention time 3.72 min.

2.5.1.9. 3-Amino-2-(2-aminophenyl)-4-(morpholine-4arbonyl)isoquinolin-
1(2H)-one (48d)

NH,
@( NH, O
N N/\

o o

Compound 48d) was synthesized fronb2a) and 3-morpholino-3-oxopropanenitrile
(53d) following a procedure similar to that of compou¢daa).

Yield: 58% (62 mg); brown solidnp: 115-117 °CR; = 0.2 (90% EtOAch-hexane);

IR (KBr, cmi®): 3457, 3341, 3213, 2916, 1652, 1634:NMR (400 MHz, DMSO«)

8: 8.01 (d,J = 7.6 Hz, 1H), 7.53 (t) = 7.2 Hz, 2H), 7.22-7.08 (m, 4H), 6.92 ®=

7.6 Hz, 1H), 6.83 (dJ = 8.0 Hz, 1H), 6.65 (tJ = 7.2 Hz, 1H), 5.10 (s, 2H), 3.66-3.44

(m, 8H);13C NMR (100 MHz, DMSOdg) 6: 166.7, 162.7, 161.4, 145.9, 144.4, 137.3,
133.1, 130.3, 130.0, 128.1, 121.8, 119.7, 119.6,991116.4, 88.9, 66.9, 66.7, 47.0,
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45.2; MS (ES mass): 365.0 (M+HPLC: 89.0%, column: Symmetry C-18 75 x 4.6
mm 3.5, mobile phase A: 0.1 % Formic Acid in water, mebdhase B: CECN,
gradient (T/%B): 0/20, 1/10, 5/95, 10/95, 10.5/12/10; flow rate: 1.0 mL/min; UV

230 nm, retention time 4.15 min.

2.5.1.10. 3-Amino-2-(2-aminophenyl)-1-oxo-1,2-dihydisoquinoline-4-
carboxamide (48e)

NH,
s
N NH,

o)

Compound 48e)was synthesized fronb2a)and 2-cyanoacetamidg3g following a

procedure similar to that of compountBé).

Yield: 64% (54 mgq); dark brown soliadnp: 122-124 °CR; = 0.2 (80% EtOAch-
hexane)R (KBr, cm®): 3457, 3334, 3216, 2924, 1653, 1583; NMR (400 MHz,
DMSO-t) 6: 8.10 (d,J = 7.2 Hz, 1H), 7.90 (d) = 8.4 Hz, 1H), 7.63 (tJ = 7.2 Hz,
1H), 7.43 (bs, 2H), 7.27 (§ = 7.2 Hz, 1H), 7.21 (t) = 7.6 Hz, 1H), 6.99-6.94 (m,
2H), 6.77 (tJ = 7.2 Hz, 1H), 6.31 (s, 2H), 5.09 (s, 2Hj¢ NMR (100 MHz, DMSO-
ds) 0: 170.2, 161.2, 148.7, 145.7, 137.5, 133.0, 13038.0, 128.1, 123.1, 121.8,
119.8 (2C), 117.2, 116.7, 88.7; MS (ES mass): 2@M:01); HPLC: 91.0%, column:
Symmetry C-18 75 x 4.6 mm 35 mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/10, 1/10, 5/95, 10/95, 10(%/12/10;
flow rate: 1.0 mL/min; UV 235 nm, retention timeé8.min.

2.5.1.11. Ethyl-3-amino-2-(2-amino-4-methylphenyl)-oxo-1,2-
dihydroisoquinoline-4-carboxylate (48f)

NH,
\@[ NH, O
N OEt

0]
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Compound 48f) was synthesized from52b) and ethyl 2-cyanoacetateb3@)
following a procedure similar to that of compoud@4).

Yield: 65% (62 mg); brown solidnp: 114-116 °CR; = 0.2 (30% EtOAch-hexane);
IR (KBr, cmi*): 3462, 3325, 3229, 2983, 1649, 1583:NMR (400 MHz, CDCJ) &:
8.51 (d,J = 8.8 Hz, 1H), 8.31 (dJ = 8.4 Hz, 1H), 7.62-7.57 (m, 1H), 7.22 Jt= 7.6
Hz, 1H), 7.15 (bs, 2H), 6.95 (d,= 8.4 Hz, 1H), 6.75 (d) = 6.8 Hz, 2H), 4.43 (q] =
7.2 Hz, 2H), 3.63 (bs, 2H), 2.33 (s, 3H), 1.46J(t 7.2 Hz, 3H);**C NMR (100
MHz, CDCB) 6: 169.3, 161.7, 153.4, 143.2, 141.4, 136.7, 1328,0, 128.4, 124.5,
122.9,121.1, 119.9, 118.1, 117.3, 83.9, 60.4,,2U%; MS (ES mass): 338.1 (M+1);
HPLC: 96.3%, column: Symmetry C-18 75 x 4.6 mmu3.&obile phase A: 0.1 %
Formic Acid in water, mobile phase B: @EN, gradient (T/%B): 0/20, 0.5/20, 4/98,
10/98, 10.5/20, 12/20; flow rate: 1.0 mL/min; UV@Am, retention time 4.69 min.

2.5.1.12. Methyl-3-amino-2-(2-amino-4-methylpheny}-oxo-1,2-
dihydroisoquinoline-4-carboxylate (489)

NH,
\C[ NH, O
N™™ OMe

o)

Compound 48g) was synthesized from52b) and methyl 2-cyanoacetat®3p)

following a procedure similar to that of compoud@4).

Yield: 64% (58 mg)white solid;mp: 173-176 °CR; = 0.2 (40% EtOAch-hexane);
IR (KBr, cmi®): 3441, 3337, 3218, 2948, 1641, 1513;NMR (400 MHz, CDCJ) &:
8.35 (d,J = 9.6 Hz, 1H), 8.18 (d) = 8.0 Hz, 1H), 7.51 (tJ = 8.0 Hz, 1H), 7.12 ()
=7.6 Hz, 1H), 6.95 (s, 2H), 6.85 (@~ 8.0 Hz, 1H), 6.75 (s, 1H), 6.71 (@= 8.0 Hz,
1H), 3.84 (s, 3H), 3.83 (bs, 2H) 2.25 (s, 3 NMR (100 MHz, CDGJ) &: 169.7,
161.7, 153.4, 142.2, 141.5, 136.5, 133.5, 129.8.4,2124.5, 123.0, 121.8, 119.8,
118.8, 117.9, 84.0, 51.3, 218S (ES mass): 324.1 (M+1); HPLC: 98.7%, column:
Symmetry C-18 75 x 4.6 mm 35 mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5/R0, 12/20;
flow rate: 1.0 mL/min; UV 230 nm, retention timet4.min.
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2.5.1.13. 3-Amino-2-(2-amino-4-methylphenyl)-1-ox&;2-dihydroisoquinoline-4-
carbonitrile (48h)

Compound 48h) was synthesized fronb2b) and malononitrile §3¢ following a

procedure similar to that of compourtB8é).

Yield: 68% (56 mg)white solid; mp: 228-231 °R; = 0.2 (60% EtOAch-hexane);
IR (KBr, cm®): 3447, 3350, 3208, 2958, 2209, 1666, 1558;NMR (400 MHz,
DMSO-t) 3: 8.24 (d,J = 7.9 Hz, 1H), 7.71-7.65 (m, 1H), 7.61 @= 8.1 Hz, 1H),
7.29 (t,J = 7.5 Hz, 1H), 6.98-6.95 (m, 1H), 6.77 @= 2.9 Hz, 2H), 4.97 (s, 2H),
3.64 (s, 2H), 2.35 (s, 3H}’C NMR (100 MHz, DMSOdg) §: 161.1, 152.4, 143.1,
141.9, 135.5, 134.3, 128.8, 128.7, 124.2, 121.9,2,2119.4, 118.3, 117.1, 116.7,
67.5, 21.3MS (ES mass): 291.0 (M+1); HPLC: 97.0%, column: &try C-18 75 x
4.6 mm 3.5, mobile phase A: 0.1 % Formic Acid in water, melghase B: CkCN,
gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/2%/20; flow rate: 1.0 mL/min; UV
230 nm, retention time 3.72 min.

2.5.1.14. 3-Amino-2-(2-amino-4-methylphenyl)-4-(mgholine-4-
carbonyl)isoquinolin-1(2H)-one (48i)

NH,

\Q NH, O
N N/\

o O

Compound 48i) was synthesized fronb2b) and 3-morpholino-3-oxopropanenitrile

(53d) following a procedure similar to that of compou¢8a).

Yield: 64% (68 mg)prown solid; mp: 136-139 °C;;R 0.2 (70% EtOAch-hexane);
IR (KBr, cmi): 3451, 3341, 3224, 2957, 1654, 16319:NMR (400 MHz, DMSOds)
0:7.99 (d,J = 8.0 Hz, 1H), 7.57-7.49 (m, 2H), 7.20 (& 7.8 Hz, 1H), 7.14-7.05 (m,
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1H), 6.77 (dJ = 8.0 Hz, 1H), 6.74 (d] = 8.4Hz, 1H), 6.66-6.61 (m, 1H), 6.47 (b=
7.9 Hz, 1H), 5.12 (s, 2H), 3.47 (bs, 8H), 2.233(d); **C NMR (100 MHz, DMSO-
ds) 6: 166.7, 164.1, 161.5, 1455, 144.6, 139.5, 13¥38.0, 129.7, 128.1, 128.0,
121.7, 119.7, 118.0, 116.8, 88.8, 66.9, 66.5, 44203, 21.5; MS (ES mass): 379.2
(M+1); HPLC: 92.7%, column: Symmetry C-18 75 x 4.6 mmu3mobile phase A:
0.1 % Formic Acid in water, mobile phase B: £, gradient (T/%B): 0/20, 0.5/20,
4/98, 10/98, 10.5/20, 12/20; flow rate: 1.0 mL/mity 210 nm, retention time 3.27

min.

2.5.1.15. Ethyl-3-amino-2-(2-amino-4-methoxyphenyt}-oxo-1,2-
dihydroisoquinoline-4-carboxylate (48j)

|

o) NH

L
N\, CO2E

0)

Compound 48j) was synthesized from52c) and ethyl 2-cyanoacetateb3@)

following a procedure similar to that of compoud@4).

Yield: 83% (79 mg); light red solid; mp: 170-172;°Q: = 0.5 (40% EtOAc/n-
hexane)R (KBr, cm®): 3444, 3339, 3175, 2986, 1642, 1584;NMR (400 MHz,
CDCl3) 6: 8.51 (d,J = 8.3 Hz, 1H), 8.31 (dd] = 8.0, 1.2 Hz, 1H), 7.60 (td, = 7.4,
1.4 Hz, 1H), 7.22 (tJ = 7.1 Hz, 1H), 7.18 (bs, 2H), 6.99 @,= 8.4 Hz, 1H), 6.50
(dd,J =8.4, 2.2 Hz, 1H), 6.44 (d,= 2.3 Hz, 1H), 4.44 (q) = 7.12 Hz, 2H), 3.81 (s,
3H), 3.70 (bs, 2H), 1.47 (8, = 7.12 Hz, 3H);**C NMR (100 MHz, CDG)) &: 169.3,
161.9, 161.6, 153.6, 144.6, 136.7, 133.4, 130.8.412124.5, 122.9, 119.9, 112.6,
106.1, 102.3, 83.9, 60.5, 55.4, 14MS (ES mass): 354.1 (M+1HPLC: 95.4%,
column: Symmetry C-18 75 x 4.6 mm 3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/50, 0.5/50, 4/98, 10/98,5/80,
12/50; flow rate: 1.0 mL/min; UV 210 nm, retentibme 2.92 min.

2.5.1.16. Methyl-3-amino-2-(2-amino-4-methoxyphen)l-oxo-1,2-
dihydroisoquinoline-4-carboxylate (48k)
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|

(0] NH

Lt
N COzMe

0)

Compound 48k) was synthesized from52c) and methyl 2-cyanoacetat®3()
following a procedure similar to that of compoud@4).

Yield: 83% (76 mg);light red solid; mp: 237-239 °CR; = 0.5 (40% EtOAc/n-
hexane);IR (KBr, cmi'): 3441, 3341, 3209, 2948, 1644, 157@;NMR (400 MHz,
DMSO-t) 6: 8.37 (d,J = 8.3 Hz, 1H), 8.05 (d) = 7.6 Hz, 1H), 7.56 (tbJ=7.4, 1.4
Hz, 1H),7.40 (bs, 2H), 7.15 (§ = 7.4 Hz, 1H), 6.83 (d] = 8.3 Hz, 1H), 6.40 (d] =

2.3 Hz, 1H), 6.25 (dd] = 8.3, 2.4 Hz, 1H), 5.20 (bs, 2H), 3.83 (s, 3H), 3§23H);

¥C NMR (100 MHz, DMSQOds) 8: 169.3, 161.6, 161.0, 154.8, 146.9, 137.1, 133.2,
130.8, 128.0, 124.6, 122.4, 120.3, 112.1, 103.©.81082.5, 55.3, 51.4MS (ES
mass): 340.1 (M+1)HPLC: 94.6%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mobikease B: CHCN, gradient
(T/%B): 0/50, 0.5/50, 4/98, 10/98, 10.5/50, 12/6yw rate: 1.0 mL/min; UV 210 nm,

retention time 2.29 min.

2.5.1.17. Ethyl-3-amino-2-(2-amino-4,5-dichlorophen)-1-oxo-1,2-
dihydroisoquinoline-4-carboxylate (48l)

cl NH
I:[ KH,
N A CORE

o)

Compound 48l) was synthesized from52d) and ethyl 2-cyanoacetateb3@)
following a procedure similar to that of compoud@4).

Yield: 85% (82 mg); light red solidnp: 162-165 °C;Rs = 0.5 (30% EtOAc/n-
hexane)iIR (KBr, cm): 3459, 3348, 3218, 2982, 1634, 1588;NMR (400 MHz,
CDCl3) 6: 8.50 (d,J = 8.4 Hz, 1H), 8.28 (dd] = 8.2, 1.1 Hz, 1H), 7.62 (td,= 8.4,
1.4 Hz, 1H), 7.26-7.23 (m, 1H), 7.22 (s, 1H), 7(651H), 6.99 (bs, 2H), 4.44 (4=
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7.1 Hz, 2H), 3.82 (bs, 2H), 1.47 &= 7.1 Hz, 3H);"*C NMR (100 MHz, CDQ)) &:
169.1, 161.3, 152.4, 143.3, 136.6, 135.1, 133.8,9.3128.4, 124.7, 123.3, 122.2,
119.6, 118.9, 118.4, 84.4, 60.7, 14.5; MS (ES m&$82.0 (M+1);HPLC: 98.0%,
column: Symmetry C-18 75 x 4.6 mm j3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/50, 0.5/50, 4/98, 10/98,5¢80,
12/50; flow rate: 1.0 mL/min; UV 210 nm, retentibme 3.96 min.

2.5.1.18. Methyl-3-amino-2-(2-amino-4,5-dichlorophwyl)-1-oxo-1,2-

dihydroisoquinoline-4-carboxylate (48m)

cl NH,
j@[ NH,
cl N7 COzMe

o}

Compound 48l) was synthesized from52d) and methyl 2-cyanoacetat®3()

following a procedure similar to that of compouAd@4).

Yield: 84% (78 mqg);light red solid;mp: 276-278 °CR; = 0.5 (30% EtOAc/n-
hexane); IR (KBr, cil): 3448, 3342, 3218, 2990, 1645, 1583; NMR (400 MHz,
DMSO-t) 3: 8.38 (d,J = 8.4 Hz, 1H), 8.05 (dJ = 7.8 Hz, 1H), 7.70 (bs, 2H), 7.58
(td,J=7.8, 1.1 Hz, 1H), 7.34 (s, 1H), 7.17Jt= 7.6 Hz, 1H), 7.02 (s, 1H), 5.72 (bs,
2H), 3.84 (s, 3H)*C NMR (100 MHz, DMSOdg) §: 169.4, 161.3, 154.4, 146.5,
137.3, 133.4, 132.7, 131.8, 128.0, 124.6, 122.8,11218.8, 116.9, 116.7, 82.7, 51.4;
MS (ES mass): 378.0 (M+1HPLC: 92.2%, column: Symmetry C-18 75 x 4.6 mm
3.5u, mobile phase A: 0.1 % Formic Acid in water, melphase B: CECN, gradient
(T/%B): 0/50, 0.5/50, 4/98, 10/98, 10.5/50, 12/6 rate: 1.0 mL/min; UV 210 nm,

retention time 3.54 min.

2.5.1.19. Typical procedure for preparation of Ethy 2-(2-(allylamino)phenyl)-3-

amino-1-oxo-1,2-dihydroisoquinoline-4-carboxylate §4a)
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NH, 9
NH; O Br NH
@ e NHz O

N OBt ———»

K,CO3, DMF, NTX OEt
o)

16 h, 92% o)

48a 54a

A mixture of compound48a) (100 mg, 0.30 mmol), ¥CO; (64 mg, 0.46 mmol), and
allyl bromide (0.07 mL, 0.61 mmol) in DMF (2 mL) watirred at room temperature
for 16 h. After completion of the reaction, reantimixture was diluted with water (10
mL) and extracted with ethyl acetate (15 mL). Thgaaic layer was washed with
brine solution (10 mL), dried over anhydrous 8@, and concentrated under
reduced pressure. The residue was purified by aolahtomatography using ethyl

acetate — hexane to give desired compobdd

Yield: 92% (103 mg); white solidnp: 124-125 °CRs = 0.5 (50% EtOAch-hexane);
IR (KBr, cmi'): 3468, 3388, 3289, 2979, 1663, 1582;NMR (400 MHz, CDCJ) &:
8.52 (d,J = 8.4 Hz, 1H), 8.31 (d) = 8.0 Hz, 1H), 7.61 (t) = 7.2 Hz, 1H), 7.38 (1)

= 7.6 Hz, 1H), 7.25-7.21 (m, 2H), 7.07 @z 7.6 Hz, 1H), 6.95 (bs, 1H), 6.89-6.83
(m, 2H), 5.90-5.76 (m, 1H), 5.22 (@=17.6 Hz, 1H), 5.11 (d] = 10.0 Hz, 1H), 4.43
(q,J = 7.2 Hz, 2H), 3.87-3.73 (m, 3H), 1.47 Jt= 6.8 Hz, 3H);"**C NMR (100 MHz,
CDCl) 5: 169.3, 161.6, 153.3, 144.1, 136.7, 134.2, 13331,2, 129.3, 128.5, 124.5,
123.0, 120.0, 119.3, 118.2, 116.4, 112.9, 83.%,66b.4, 14.0MS (ES mass): 364.1
(M+1); HPLC: 99.0%, column: Symmetry C-18 75 x 4.6 mmu3mobile phase A:
0.1 % Formic Acid in water, mobile phase B: £, gradient (T/%B): 0/20, 0.5/20,
4/98, 10/98, 10.5/20, 12/20; flow rate: 1.0 mL/mily 230 nm, retention time 5.26

min.

2.5.1.20. Ethyl-2-(2-(allylamino)-4-methylphenyl)-3amino-1-oxo-1,2-
dihydroisoquinoline-4-carboxylate (54b)
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/
NH

\@( NH, O
N~ OEt

)

Compound54b was synthesized from8f and allyl bromide following a procedure
similar to that of compoun84a.

Yield: 89% (99 mg); white solidnp: 136-138 °CRs = 0.6 (10% EtOAch-hexane);
IR (KBr, cmi?): 3465, 3378, 3287, 2976, 1669, 1584;NMR (400 MHz, CDCJ) &:
8.51 (d,J = 8.8 Hz, 1H), 8.31 (dJ = 7.6 Hz, 1H), 7.60 (t) = 8.4 Hz, 1H), 7.25-7.20
(m, 1H), 7.15 (bs, 2H), 6.94 (d,= 7.6 Hz, 1H), 6.69 (dJ = 8.0 Hz, 1H), 6.65 (s,
1H), 5.85-5.77 (m, 1H), 5.21 (d,= 16.8 Hz, 1H), 5.10 (d] = 10.4 Hz, 1H), 4.43 (q,
J =7.1Hz, 2H), 3.77 (d) = 2.4 Hz, 3H), 2.37 (s, 3H), 1.47 (= 7.10 Hz, 3H)"*C
NMR (100 MHz, CDC}) &: 169.3, 161.7, 153.5, 143.7, 141.7, 136.6, 134133.4,
129.4, 128.9, 128.5, 124.5 (2C), 122.9, 119.2,3,1613.5, 83.8, 60.5, 45.4, 21.8,
14.5; MS (ES mass): 378.2 (M+HPLC: 93.0%, column: Symmetry C-18 75 x 4.6
mm 3.51, mobile phase A: 0.1 % Formic Acid in water, mebidhase B: CECN,
gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/22/20; flow rate: 1.0 mL/min; UV
210 nm, retention time 5.23 min.

2.5.1.21. Ethyl-3-amino-1-o0xo-2-(2-(prop-2-ynylamio)phenyl)-1,2-

dihydroisoquinoline-4-carboxylate (54c)

//

NH
s

N7 OEt

0)

Compound %4c) was synthesized fromd8a) and propargyl bromide following a

procedure similar to that of compourl).

Yield: 93% (103 mg); white solid; mp: 245-247 ;= 0.4 (20% EtOAch-hexane);
IR (KBr, cm'l): 3452, 3376, 3277, 2971, 2114, 1664, 1595:NMR (400 MHz,
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CDCl) 5: 8.51 (d,J = 8.8 Hz, 1H), 8.30 (d) = 8.0 Hz, 1H), 7.63-7.59 (m, 1H), 7.46
(dd,J = 8.4, 1.2 Hz, 1H), 7.24 (fi = 7.6 Hz, 1H), 7.11 (dJ = 7.6 Hz, 1H), 7.02 (d)

= 8.4 Hz, 2H), 6.97 (t) = 7.6 Hz, 2H), 4.42 (¢ = 7.2 Hz, 2H), 3.99-3.86 (m, 3H),
2.18 (s, 1H), 1.47 (9 = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ)) &: 169.3, 161.6,
153.2, 143.3, 136.7, 133.5, 131.2, 129.4, 128.8,6,2123.0, 120.2, 119.9, 119.5,
113.4, 84.0, 80.1, 71.7, 60.5, 33.0, 14.5; MS (ESsj1 362.1 (M+1)HPLC: 94.0%,
column: Symmetry C-18 75 x 4.6 mm j3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/50, 0.5/50, 3/95, 10/95,5180,
12/50; flow rate: 1.0 mL/min; UV 236 nm, retentibme 3.36 min.

2.5.1.22. Ethyl-3-amino-2-(4-methyl-2-(prop-2-ynylmino)phenyl)-1-oxo-1,2-
dihydroisoquinoline-4-carboxylate (54d)

’

NH

\@E NH2 (0]
N™~ OEt

0)

Compound %4d) was synthesized fromd8f) and propargyl bromide following a

procedure similar to that of compourttg).

Yield: 82% (91 mg); white solid; mp: 115-117 °B; = 0.6 (10% EtOAch-hexane);
IR (KBr, cm): 3464, 3387, 3289, 2972, 2374, 1649, 1592;:NMR (400 MHz,
CDCl3) 3: 8.50 (d,J = 8.4 Hz, 1H), 8.30 (d]) = 8.00 Hz, 1H), 7.62-7.58 (m, 1H), 7.22
(t, J =7.2 Hz, 1H), 7.10-7.01 (m, 2H), 6.97 M= 8.0 Hz, 1H), 6.81 (s, 1H), 6.78 (d,
J = 8.0 Hz, 1H), 4.43 (q) = 7.2 Hz, 2H), 3.97-3.83 (m, 3H), 2.41 (s, 3H), 2(30
1H), 1.47 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) &: 169.3, 161.7, 153.4,
143.0, 141.5, 136.7, 133.4, 129.1, 128.5, 128.4,5,2122.9, 120.4, 119.9, 117.7,
83.9, 80.2, 71.6, 60.5, 33.0, 21.8, 1AM (ES mass): 376.2 (M+1HPLC: 95.6%,
column: Symmetry C-18 75 x 4.6 mm 3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GEBN, gradient (T/%B): 0/50, 0.5/50, 3/95, 10/95,5/80,
12/50; flow rate: 1.0 mL/min; UV 210 nm, retentibme 3.61 min.

2.5.1.23. Ethyl-3-amino-2-(2-(benzylamino)phenyl)-bxo-1,2-

dihydroisoquinoline-4-carboxylate (54e)

94



Amberlyst-15 mediated activation of vinylic amino. ..

Ph

r

s
N7 OEt

o)

Compound %4e) was synthesized from48a) and benzyl bromide following a
procedure similar to that of compourtg).

Yield: 92% (113 mg);white solid; mp: 141-143 °CR; = 0.4 (20% EtOAc/n-
hexane); IR (KBr, ci): 3434, 3262, 3064, 2976, 1670, 1648;NMR (400 MHz,
CDCl) &: 8.52 (d,J = 8.8 Hz, 1H), 8.34 (dJ = 8.0 Hz, 1H), 7.62 (t) = 7. 6 Hz, 1H),
7.31-7.29 (m, 4H), 7.26-7.22 (m, 3H), 7.17 (bs),1H10 (dJ = 7.6 Hz, 2H), 6.88
(t,J=7.6 Hz, 1H), 6.79 (d) = 8.4 Hz, 1H), 4.55(q) = 6.8 Hz, 2H), 4.39 (s, 2H),
4.24 (bs, 1H), 1.49 (1 = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ) 5: 169.3, 161.6,
153.4, 144.1, 138.4, 137.2, 136.7, 133.4, 131.2,3,2128.6, 128.5, 128.0, 127.1,
126.8, 124.6, 123.0, 120.0, 119.4, 118.3, 113.M,&0.5, 47.0, 14.9S (ES mass):
414.1 (M+1); HPLC: 99.0%, column: Symmetry C-18 75 x 4.6 mmu3.Bobile
phase A: 0.1 % Formic Acid in water, mobile phaseCBi;CN, gradient (T/%B):
0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/20; floweral.0 mL/min; UV 210 nm,

retention time 5.99 min.

2.5.1.24. Ethyl-3-amino-2-(2-(benzylamino)-4,5-didbrophenyl)-1-oxo-1,2-
dihydroisoquinoline-4-carboxylate (54f)

Compound %4f) was synthesized from48j) and benzyl bromide following a

procedure similar to that of compourt).

Yield: 87% (109 mg)white solid;mp: 139-142 °CR; = 0.4 (20% EtOAch-hexane);
IR (KBr, cm'): 3381, 3265, 3163, 2976, 1672, 16%9;:NMR (400 MHz, CDC}) &
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8.51 (d,J = 8.4 Hz, 1H), 8.33 (d) = 7.8 Hz, 1H), 7.60 (th] = 8.2, 1.1 Hz, 1H), 7.33-
7.27 (m, 4H), 7.26-7.21 (m, 2H), 7.22 (bs, 2H),07(0,J = 8.2 Hz, 1H), 6.41 (dd] =
8.3, 2.4 Hz, 1H), 6.30 (d = 2.3 Hz, 1H), 4.45 (qJ = 7.1 Hz, 2H), 4.36-4.32 (m,
2H), 4.15 (tJ = 4.8 Hz, 1H), 3.75 (s, 3H), 1.48 (t,= 7.1 Hz, 3H);**C NMR (100
MHz, CDCh) 6: 169.4, 161.9, 161.8, 153.8, 145.1, 138.3, 1363@,4, 130.1, 128.7
(2C), 128.5, 127.2, 126.8 (2C), 124.5, 122.9, 120X».4, 103.3, 99.2, 83.9, 60.5,
55.3, 47.2, 14.5; MS (ES mass): 444.2 (M+1); HPRZ.1%, column: Symmetry C-
18 75 x 4.6 mm 3,5 mobile phase A: 0.1 % Formic Acid in water, mehphase B:
CHsCN, gradient (T/%B): 0/50, 0.5/50, 4/98, 10/98,5I80, 12/50; flow rate: 1.0
mL/min; UV 210 nm, retention time 4.41 min.

2.5.1.25. Ethyl-3-amino-2-(2-(cyanomethylamino)-4-gthylphenyl)-1-oxo-1,2-
dihydroisoquinoline-4-carboxylate (549)

CN

NH
\@E NH, O
N™ OEt

0]

Compound %4g) was synthesized from48f) and 2-bromo acetonitrile following a

procedure similar to that of compourt).

Yield: 90% (100 mg);white solid; mp: 216-219 °CR; = 0.2 (30% EtOAc/n-
hexane); IR (KBr, cil): 3427, 3344, 3301, 2915, 2338, 1644, 1524NMR (400
MHz, CDCE) &: 8.49 (d,J = 8.8 Hz, 1H), 8.27 (dJ = 8.0 Hz, 1H), 7.62 (t) = 7.6
Hz, 1H), 7.22 (tJ = 7.6 Hz, 1H), 7.03 (d) = 8.0 Hz, 2H), 6.90 (dJ = 8.0 Hz, 2H),
6.80 (s, 1H), 4.43-4.37 (4,= 7.6 Hz, 2H), 4.09-4.03 (m, 3H), 2.45 (s, 3H), 1(46

= 7.2 Hz, 3H):"*C NMR (100 MHz, CDGJ) &: 169.2, 161.7, 153.1, 142.1, 141.4,
136.6, 133.6, 129.5, 128.3, 124.6, 123.1, 121.9,74118.3, 116.3, 113.7, 84.2, 60.6,
32.0, 21.8, 14.4; MS (ES mass): 377.1 (M+1); HPRB.0%, column: Symmetry C-
18 75 x 4.6 mm 3,5 mobile phase A: 0.1 % Formic Acid in water, melphase B:
CHsCN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5IR0, 12/20; flow rate: 1.0

mL/min; UV 250 nm, retention time 5.20 min.
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2.5.1.26. Ethyl-3-amino-2-(2-(2-ethoxy-2-oxoethylaimo)-4-methylphenyl)-1-oxo-
1,2-dihydroisoquinoline-4-carboxylate (54h)

EtO

\@E NH, O
N™ OEt

Compound %4h) was synthesized fromi8f) and ethyl 2-bromoacetate following a

procedure similar to that of compourt).

Yield: 88% (110 mg)white solid; mp: 105-112 °@Rs = 0.4 (30% EtOAch-hexane);
IR (KBr, cmi?): 3459, 3263, 2966, 1740, 1677, 1584;NMR (400 MHz, CDCJ) &:
8.51 (d,J = 8.4 Hz, 1H), 8.30 (d) = 8.0 Hz, 1H), 7.61-7.57 (m, 1H), 7.21 Jt= 7.6
Hz, 2H), 7.11 (s, 2H), 6.98 (d,= 8.0 Hz, 1H), 6.74 (d) = 7.6 Hz, 1H), 4.42 (g =
6.8 Hz, 2H), 4.20-4.12 (m, 3H), 3.94 @z 6.8 Hz, 1H), 3.86-3.83 (m, 1H), 2.37 (s,
3H), 1.47 (t,J = 7.2 Hz, 3H), 1.23 (tJ = 7.2 Hz, 3H);*C NMR (100 MHz, CDGJ)

5. 170.5, 169.3, 161.8, 153.7, 143.2, 141.1, 13633,2, 129.2, 128.4, 124.6, 122.8,
119.9 (2C), 117.4, 113.1, 83.8, 61.2, 60.3, 44108,214.4, 14.0MS (ES mass):
423.5 (M+1); HPLC: 96.8%, column: Symmetry C-18 ¥31.6 mm 3., mobile
phase A: 0.1 % Formic Acid in water, mobile phaseCBi;CN, gradient (T/%B):
0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/20; floweral.0 mL/min; UV 230 nm,

retention time 5.08 min.

2.5.1.27. Ethyl-3-amino-2-(2-hydroxy-4-methoxypheny-1-oxo-1,2-

dihydroisoquinoline-4-carboxylate (48n)

o OH
N, - COaE

Compound 48n) was synthesized fronb2e)and ethyl cyanoacetate3a following
a procedure similar to that of compoud@4).
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Yield: 68% (66 mg); white solid; mp: 167-169 °R;= 0.2 (30% EtOAch-hexane);
IR (KBr, cm®): 3639, 3398, 3196, 2923, 1639, 1664;:NMR (400 MHz, CDCJ) &:
8.50 (d,J = 8.4 Hz, 1H), 8.28 (dJ = 7.6 Hz, 1H), 7.60 (t) = 8.0 Hz, 1H), 7.26 (s,
1H), 7.21 (tJ = 7.2 Hz, 1H), 7.01 (bs, 2H), 6.87 (@= 8.8 Hz, 1H), 6.80-6.73 (m,
1H), 6.65 (s, 1H), 4.41 (g, = 6.4 Hz, 2H), 3.70 (s, 3H), 1.45 (t= 6.8 Hz, 3H);**C
NMR (100 MHz, CDC}) &: 169.2, 162.7, 153.8, 153.1, 146.9, 137.0, 13B2R.2,
124.6, 123.0, 121.2, 119.5, 119.4, 117.7, 113.4,80.5, 55.8, 14.MNIS (ES mass):
355.1 (M+1); HPLC: 95.5%, column: Symmetry C-18 75 x 4.6 mmu3.Bobile
phase A: 0.1 % Formic Acid in water, mobile phaseCBi;CN, gradient (T/%B):
0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/20; floweral.0 mL/min; UV 230 nm,

retention time 4.32 min.

2.5.1.28. 3-Amino-2-(2-hydroxy-4-methoxyphenyl)-1xm-1,2-

dihydroisoquinoline-4-carboxamide (480)

|
o) OH
s
N ONH,

O

Compound 480)was synthesized fronb2e)and 2-cyanoacetamidg3g following a
procedure similar to that of compourtB8é).

Yield: 63% (55 mg)jlight yellow solid; mp: 174-177°CR; = 0.2 (60% EtOAch-
hexane);R (KBr, cmi'): 3647, 3427, 3370, 3300, 3188, 2944, 1645, 16a\MR
(400 MHz, DMSO¢dg) 6: 9.48 (bs, 1H), 7.98 (d, = 8.4 Hz, 1H), 7.80 (d] = 8.4 Hz,
1H), 7.54 (tJ = 7.2 Hz, 1H), 7.40 (s, 2H), 7.10 (t= 7.6 Hz, 1H), 6.94 (s, 2H), 6.73
(s, 1H), 6.38 (bs, 2H), 3.68 (s, 3HJC NMR (100 MHz, DMSOdg) &: 170.3, 161.2,
152.9, 149.1, 147.7, 137.4, 133.0, 127.9, 123.2,712121.8, 119.5, 117.9, 116.8,
115.3, 88.1, 55.MI1S (ES mass): 326.1 (M+1HPLC: 91.6%, column: Symmetry C-
18 75 x 4.6 mm 3,5 mobile phase A: 0.1 % Formic Acid in water, melphase B:
CHsCN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5IR0, 12/20; flow rate: 1.0

mL/min; UV 210 nm, retention time 2.74 min.

98



Amberlyst-15 mediated activation of vinylic amino. ..

2.5.1.29. Typical procedure for preparation of 11-v0-5,11-dihydro-
benzo[4,5]imidazo[1,2blisoquinoline-6-carboxylic acid ethyl ester (49a)

NH2 O
NHz O § OEt
Amberlyst-15
N™ OBt — - o N —
o CH4CN, 60 °C
(0]
48a 49a

To a solution of 48a) (LO0 mg, 0.30 mmolin acetonitrile (5 mL), Amberlyst-15
(10%, w/w) was added and the reaction mixture viasvad to stir at 60 °C for 1 h.
Upon completion of the reaction, the formed solidswiltered and washed with

acetonitrile (5 mL}o give desired compoundda)

Yield: 98% (92 mg)white solid;mp: 321-323 °C (Iit317-319 °C):R; = 0.6 (20%
EtOAc/ n-hexane):IR (KBr, cm'): 3317, 2973, 1643, 1601H NMR (400 MHz,
CDCl3) 6: 12.20 (bs, 1H), 8.82 (d, = 8.2 Hz, 1H), 8.61 (d) = 7.9 Hz, 1H), 8.36 (d,
J=7.7Hz, 1H), 7.72 (m, 2H), 7.49 (,= 7.5 Hz, 1H), 7.34 (m, 2H), 4.47 (§,=6.9
Hz, 2H), 1.43 (tJ = 7.0 Hz, 3H);**C NMR (100 MHz, CDGJ) &: 168.3, 159.9,
146.7, 135.3, 133.2, 130.9, 128.1, 127.3, 126.3,312123.1, 122.6, 119.3, 117.0,
109.9, 82.4, 60.8, 14.6; MS (ES mass): 306.9 (MHRLC: 99.6%, column:
Symmetry C-18 75 x 4.6 mm 35 mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5/R0, 12/20;

flow rate: 1.0 mL/min; UV 250 nm, retention timet5.min.

2.5.1.30. 11-Oxo0-5,11-dihydro-benzol[4,5]imidazo[L{disoquinoline-6-carboxylic
acid methyl ester (49b)

NH @
NS OMe

o}

Compound 49b) was synthesized fron#8b) following a procedure similar to that of

compound49a).
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Yield: 87% (78 mg); white fluffy solidmp: 335-337 °C (Iit330-333 °C);R; = 0.2
(10% EtOAc/n-hexane); IR (KBr, ci): 3320, 2948, 1649, 1600H NMR (400
MHz, CDCk) é: 11.21 (s, 1H), 8.76 (d] = 8.0 Hz, 1H), 8.71 (dJ = 8.8 Hz, 1H),
8.54 (dd,J = 8.4, 1.2 Hz, 1H), 7.73-7.66 (m, 1H), 7.48-7.43 (H), 7.41-7.32 (m,
3H), 4.04 (s, 3H)**C NMR (100 MHz, CDGJ) &: 168.6, 159.9, 146.7, 135.2, 133.3,
130.8, 128.1, 127.8, 126.4, 124.4, 123.2, 122.9,311117.0, 109.9, 82.3, 51 BIS
(ES mass): 293.1 (M+1); HPLC: 99.8%, column: Synmmn€r-18 75 x 4.6 mm 315
mobile phase A: 0.1 % Formic Acid in water, mohikase B: CHCN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/@y rate: 1.0 mL/min; UV 250 nm,

retention time 5.13 min.

2.5.1.31. 11-Oxo0-5,11-dihydro-benzo[4,5]imidazo[1[disoquinoline-6-

carbonitrile (48c)

Compound 49c)was synthesized fron#8c) following a procedure similar to that of

compound49a)and purification done by column chromatography.

Yield: 72% (57 mg); white solidmp: 290-292 °C (Iit284-287 °C);R; = 0.2 (50%
EtOAc/ n-hexane); IR (KBr, ci): 3376, 2921, 2203, 1695, 161% NMR (400
MHz, DMSO-d) &: 13.4 (bs, 1H), 8.59 (d] = 8.4 Hz, 1H), 8.37 (d] = 8.0 Hz, 1H),
7.86 (t,J = 7.6 Hz, 1H), 7.70 (dJ = 8.0 Hz, 1H), 7.54-7.48 (m, 2H), 7.45-7.36 (m,
2H); °C NMR (100 MHz, CDGJ) &: 159.4, 146.8, 136.2, 135.6, 134.5, 130.4, 128.2,
127.8, 127.2, 123.9, 122.7, 122.1, 118.3, 116.4,3161.7;MS (ES mass): 258.8
(M-1); HPLC: 95.0%, column: Symmetry C-18 75 x 4.6 mmu3Mmobile phase A:
0.1 % Formic Acid in water, mobile phase B: £, gradient (T/%B): 0/20, 0.5/20,
4/98, 10/98, 10.5/20, 12/20; flow rate: 1.0 mL/mity 210 nm, retention time 5.99

min.

2.5.1.32. 11-Ox0-5,11-dihydro-benzo[4,5]imidazo[:}disoquinoline-6-(2'-

morpholino)carbamide (49d)
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Compound 49d) was synthesized fron#8d) following a procedure similar to that of
compound49a)and purification done by column chromatography.

Yield: 63% (67 mg); light yellow solidmp: 245-248 °C; R= 0.2 (80% EtOAch-
hexane)iR (KBr, cm): 3343, 2961, 1671, 161834 NMR (400 MHz, DMSOds) &:
11.88 (s, 1H), 8.62 (d, = 8.0 Hz, 1H), 8.35 (d] = 8.0 Hz, 1H), 7.71 (dd] = 8.0, 0.8
Hz, 1H), 7.58 (dJ = 8.4 Hz, 1H), 7.44-7.42 (m, 2H), 7.32 Jt= 7.6 Hz, 1H), 7.28-
7.24 (m, 1H), 3.67-3.48 (m, 8H)’C NMR (100 MHz, CDGJ) &: 165.4, 159.1, 140.0,
135.7, 133.5, 133.1, 128.0, 127.7, 126.6, 122.@,42121.2, 117.9, 116.2, 110.3,
87.1, 66.8, 66.0, 47.7, 47.84S (ES mass): 348.2 (M+1HPLC: 93.0%, column:
Symmetry C-18 75 x 4.6 mm Ji5mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5/R0, 12/20;

flow rate: 1.0 mL/min; UV 230 nm, retention timelZ.min.

2.5.1.33. 11-Ox0-5,11-dihydro-benzo[4,5]imidazo[}/disoquinoline-6-carbamide
(49e)

Compound 49e)was synthesized fron#8e)following a procedure similar to that of
compound49a)and purification done by column chromatography.

Yield: 65% (55 mg); white solidnp: 266-269 °CR; = 0.2 (70% EtOAch-hexane);
IR (KBr, cm): 3362, 2925, 1662, 1557 NMR (400 MHz, DMSOe) &: 11.9 (bs,
1H), 8.62 (d,J = 8.0 Hz, 1H), 8.37 (dJ = 8.0 Hz, 1H), 8.16 (dJ = 8.4 Hz, 1H),
7.73-7.69 (m, 1H), 7.62 (bs, 2H), 7.55 {dz 8.0 Hz, 1H), 7.45 (t) = 8.0 Hz, 1H),
7.34 (t,J = 7.2 Hz, 1H), 7.28 (t) = 7.6 Hz, 1H);"*C NMR (100 MHz, DMSOds) :
168.1, 159.2, 142.3, 135.9, 133.2, 132.9, 127.6),(226.6, 123.7, 122.4, 121.3,
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117.9, 116.2, 111.1, 88.WS (ES mass): 277.7 (M+1HPLC: 99.0%, column:
Symmetry C-18 75 x 4.6 mm Z3i5mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5/R0, 12/20;

flow rate: 1.0 mL/min; UV 210 nm, retention time&3.min.

2.5.1.34. 3-Methyl-11-0x0-5,11-dihydro-benzo[4,5]iltazo[1,2blisoquinoline-6-
carboxylic acid ethyl ester (4f)

Compound 49f) was synthesized fron#8f) following a procedure similar to that of

compound49a).

Yield: 91% (86 mg); white solidmp: 199-201 °C (Iit202-204 °C);R; = 0.2 (20%
EtOAc/ n-hexane);IR (KBr, cm®): 3304, 2920, 1672, 1612H NMR (400 MHz,
CDCl) 6: 11.24 (s, 1H), 8.81 (dl = 8.4 Hz, 1H), 8.65-8.63 (m, 1H), 8.59 (H= 8.0
Hz, 1H), 7.73 (tJ = 7.6 Hz, 1H), 7.41-7.37 (m, 1H), 7.21-7.18 (m, 24}%6 (q,J =
7.2 Hz, 2H), 2.53 (s, 3H), 1.56 (,= 6.8 Hz, 3H);**C NMR (100 MHz, CDGJ) &:
168.4, 159.8, 146.8, 136.8, 135.4, 133.2, 131.8,(12125.7, 124.3, 123.6, 123.0,
119.3, 116.5, 110.2, 82.5, 60.7, 21.7, 14.6; MS (ESss): 321.QM+1); HPLC:
99.0%, column: Symmetry C-18 75 x 4.6 mm3.m5obile phase A: 0.1 % Formic
Acid in water, mobile phase B: GEN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,
10.5/20, 12/20; flow rate: 1.0 mL/min; UV 250 nretention time 5.76 min.

2.5.1.35. 3-Methyl-11-0x0-5,11-dihydro-benzo[4,5]iltazo[1,2blisoquinoline-6-
carboxylic acid methyl ester (499)

S OMe

N

O

Compound 49g) was synthesized frond8g) following a procedure similar to that of

compound 49a).
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Yield: 83% (75 mg); light yellow solidmp: 219-221 °C (I{t213-215 °C)R; = 0.6
(20% EtOAc/n-hexane):IR (KBr, cm®): 3443, 2924, 1642, 1582H NMR (400
MHz, CDCk) é: 11.2 (bs, 1H), 8.46 (dl = 8.4 Hz, 1H), 8.14 (dJ = 8.0 Hz, 1H),
7.64 (t,J = 7.6 Hz, 1H), 7.46-7.28 (m, 2H), 7.24-7.21 (m,),16185 (d,J = 7.9 Hz,
1H), 3.91 (s, 3H), 2.33 (s, 3H)*C NMR (100 MHz, CDG)) §: 169.3, 154.5, 145.4,
139.8, 137.2, 133.1, 132.5, 129.6, 128.0, 124.@,4,2120.3, 118.3, 117.1, 116.6,
82.3, 51.3, 21.5; MS (ES mass): 307.0 (MHPLC: 90.0%, column: Symmetry C-
18 75 x 4.6 mm 3,5 mobile phase A: 0.1 % Formic Acid in water, melphase B:
CHsCN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5IR0, 12/20; flow rate: 1.0
mL/min; UV 210 nm, retention time 4.41 min.

2.5.1.36. 3-Methyl-11-ox0-5,11-dihydro-benzo[4,5]itlazo[1,2b]isoquinoline-6-
carbonitrile (49h)

Compound 49h) was synthesized frond8h) following a procedure similar to that of

compound 49a)and purification done by column chromatography.

Yield: 75% (60 mg)white solid; mp: 358-361 °C;:R- 0.2 (40% EtOAch-hexane);

IR (KBr, cmi): 3261, 2923, 2208, 1687, 162H NMR (400 MHz, DMSOs) §:
13.21 (bs, 1H), 8.43 (d, = 8.4 Hz, 1H), 8.35-8.29 (m, 1H), 7.86 Jt= 7.2 Hz, 1H),
7.70 (d,J = 8.0 Hz, 1H), 7.44-7.37 (m, 1H), 7.31 (s, 1H), 7(8#9J = 8.4 Hz, 1H),
2.43 (s, 3H)*C NMR (100 MHz, CDGJ) &: 158.9, 146.5, 136.9, 135.9, 134.1, 132.7,
128.0, 126.0, 123.3, 121.9, 118.0, 117.2, 115.1,111109.9, 62.7, 21.6; MS (ES
mass): 274.0 (M+1)HPLC: 97.7%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mohikase B: CHCN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/&6y rate: 1.0 mL/min; UV 210 nm,

retention time 4.87 min.

2.5.1.37. 3-Methyl-11-o0x0-5,11-dihydro-benzo[4,5]itlazo[1,2b]isoquinoline-6-
(2’-morpholino) carbamide (49i)
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Compound 49i) was synthesized from#8i) following a procedure similar to that of

compound49a)and purification done by column chromatography.

Yield: 67% (71 mg);light green solid; mp: 264-267 °@; = 0.2 (80% EtOAch-
hexane)iR (KBr, cm*): 3271, 2957, 1757, 16634 NMR (400 MHz, DMSOd) &:
11.79 (bs, 1H), 8.44 (d,= 7.6 Hz, 1H), 8.30 (d]= 7.8 Hz, 1H), 7.66 (d] = 7.8 Hz,
1H), 7.54 (dJ = 8.0 Hz, 1H), 7.28 (d] = 7.4 Hz, 1H), 7.19 (s, 1H), 7.04 @= 7.9
Hz, 1H), 3.69-3.43 (m, 8H), 2.42 (s, 3HJC NMR (100 MHz, DMSQdg) 5: 168.1,
159.0, 142.3, 136.3, 135.8, 133.4, 132.7, 127.6,6,2123.7, 122.3, 122.2, 117.9,
115.8, 111.2, 88.5, 66.7, 66.4, 47.9, 47.4, 2U8; (ES mass): 359.9 (M-1); HPLC:
91.7%, column: Symmetry C-18 75 x 4.6 mm3.m5obile phase A: 0.1 % Formic
Acid in water, mobile phase B: GEN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,
10.5/20, 12/20; flow rate: 1.0 mL/min; UV 240 nratention time 3.84 min.

2.5.1.38. 3-Methoxy-11-ox0-5,11-dihydro-benzo[4,5}idazo[1,2b]isoquinoline-6-
carboxylic acid ethyl ester (49))

Compound 49j) was synthesized fron#8)) following a procedure similar to that of

compound 49a).

Yield: 92% (87 mg)white solid;mp: 242-245°CR; = 0.6 (35% EtOAch-hexane);

IR (KBr, cmi‘): 3343, 2982, 1630, 16014 NMR (400 MHz, DMSOdg) &: 12.09 (bs,
1H), 8.85 (d,J = 8.4 Hz, 1H), 8.47 (d] = 8.4 Hz, 1H), 8.36 (d]) = 8.0 Hz, 1H), 7.73
(tb,J = 8.4, 1.0 Hz, 1H)7.35 (t,J = 7.6 Hz, 1H), 7.25 (d] = 2.3 Hz, 1H),6.91 (ddJ

= 8.4, 2.2 Hz, 1H)4.47 (9,J = 7.2 Hz, 2H), 3.83 (s, 3H),.41 (t,J = 7.07 Hz, 3H);

3¢ NMR (100 MHz, DMSO+dg) 6: 166.4, 159.3, 158.5, 146.2, 135.9, 133.7, 133.4,
127.6, 124.5, 123.2, 121.6, 118.6, 117.0, 109.4),982.4, 60.4, 56.0, 15.1; MS (ES
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mass): 337.1 (M+1)HPLC: 96.2%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mohikease B: CHCN, gradient
(T/%B): 0/50, 0.5/50, 4/98, 10/98, 10.5/50, 12/66y rate: 1.0 mL/min; UV 210 nm,

retention time 4.61 min.

2.5.1.39. 3-Methoxy-11-0x0-5,11-dihydro-benzo[4,8}idazo[1,2blisoquinoline-6-
carboxylic acid methyl ester (49k)

Compound 49k) was synthesized frond8k) following a procedure similar to that of

compound 49a).

Yield: 91% (83 mg)white solid; mp: 245-247 °R; = 0.6 (30% EtOAch-hexane);
IR (KBr, cm®): 3326, 2948, 1638, 16054 NMR (400 MHz, DMSO#) &: 12.00 (bs,
1H), 8.86 (d,J = 8.4 Hz, 1H), 8.44 (dd] = 8.4, 1.4 Hz, 1H), 8.32 (d, = 8.0 Hz, 1H),
7.70 (t,J = 7.8 Hz, 1H), 7.33 (&) = 7.5 Hz, 1H), 7.17 (s, 1H), 6.87 (d,= 8.4 Hz,
1H), 3.93 (s, 3H), 3.81 (s, 3H}’C NMR (100 MHz, DMSOds) &: 169.3, 159.2,
158.5, 145.9, 136.0, 133.7, 133.3, 127.5, 124.3.112121.6, 118.6, 116.9, 109.1,
96.7, 82.1, 55.9, 51.6; MS (ES mass): 323.0 (MHHPLC: 94.7%, column:
Symmetry C-18 75 x 4.6 mm Ji5mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/50, 0.5/50, 4/98, 10/98,5/80, 12/50;

flow rate: 1.0 mL/min; UV 210 nm, retention timeé4.min.

2.5.1.40. 2,3-Dichloro-11-ox0-5,11-dihydro-benzoB]imidazo[1,2-b]isoquinoline-
6-carboxylic acid ethyl ester (49I)

Compound 49l) was synthesized fron#8l) following a procedure similar to that of
compound49a).
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Yield: 93% (88 mg)white solid;mp: 162-164 °CR; = 0.5 (30% EtOAch-hexane);

IR (KBr, cm™): 3316, 2980, 1677, 1646 NMR (400 MHz, CDCJ) &: 11.27 (bs,
1H), 8.90 (s, 1H), 8.77 (d,= 8.4 Hz, 1H), 8.56 (d) = 8.4 Hz, 1H), 7.74 (tb] = 8.4,
1.1 Hz, 1H), 7.47 (s, 1H), 7.42 &= 7.8 Hz, 1H), 4.54 (¢) = 7.1 Hz, 2H), 1.53 (d}

= 7.1 Hz, 3H):"*C NMR (100 MHz, CDGJ) &: 168.0, 159.3, 146.7, 135.0, 133.6,
130.4, 130.2, 128.0, 126.8, 126.3, 124.5, 123.6,11,1118.2, 111.1, 83.2, 61.1, 14.5;
MS (ES mass): 374.9 (M+1HPLC: 96.6%, column: Symmetry C-18 75 x 4.6 mm
3.5u, mobile phase A: 0.1 % Formic Acid in water, melphase B: CECN, gradient
(T/%B): 0/50, 0.5/50, 4/98, 10/98, 10.5/50, 120w rate: 1.0 mL/min; UV 250 nm,

retention time 5.98 min.

2.5.1.41. 2,3-Dichloro-11-ox0-5,11-dihydro-benzoB]imidazo[1,2-bjisoquinoline-
6-carboxylic acid methyl ester (49m)

Compound 49m) was synthesized fromd8m) following a procedure similar to that

of compound49a).

Yield: 90% (82 mg)jight brown solid;mp: 278-280 °C; R= 0.6 (40% EtOAch-
hexane)iR (KBr, cm): 3302, 2952, 1678, 16431 NMR (400 MHz, DMSOds) &:
12.17 (s, 1H), 8.81 (dl = 8.4 Hz, 1H), 8.62 (s, 1H), 8.32 (d,= 8.1 Hz, 1H), 7.77-
7.74 (m, 2H), 7.38 (t) = 7.6 Hz, 1H), 3.94 (s, 3H}’C NMR (100 MHz, DMSOdg)

0. 166.1, 159.2, 146.0, 135.9, 133.8, 132.4, 12828.6, 127.2, 124.4, 124.0, 123.5,
118.6, 117.1, 112.7, 82.7, 51.1; MS (ES mass):8@a+1); HPLC: 96.2%, column:
Symmetry C-18 75 x 4.6 mm Zi5mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5/R0, 12/20;

flow rate: 1.0 mL/min; UV 230 nm, retention time&’8.min.

2.5.1.42. 11-Oxo-5-allyl-11-hydro-benzo[4,5]imidazb,2-blisoquinoline-6(5H)-
carboxylic acid ethyl ester (49n)
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Compound 49n) was synthesized fronb4a) following a procedure similar to that of
compound 49a).

Yield: 89% (84 mg); white solidnp: 244-247 °CRs = 0.5 (10% EtOAch-hexane);
IR (KBr, cm*): 3315, 2926, 1759, 1670, 159H NMR (400 MHz, CDC}) 5: 8.88
(d,J = 8.0 Hz, 1H), 8.55 (d) = 8.0 Hz, 1H), 8.02 (d) = 8.8 Hz, 1H), 7.69-7.65 (m,
1H), 7.48-7.31 (m, 4H), 5.99-5.90 (m, 1H), 5.32 Jd5 10.4 Hz, 1H), 5.26 (d) =
17.6 Hz, 1H), 4.77 (dd] = 3.6, 2.1 Hz, 2H), 4.48 (§,= 7.1 Hz, 2H), 1.48 (t) = 6.9
Hz, 3H); **C NMR (100 MHz, CDGJ) &: 166.8, 159.9, 135.6, 134.4, 132.9, 131.1,
127.9, 127.7, 126.0, 124.4, 123.2, 122.6, 122.8,711118.4, 117.1, 108.4, 87.2, 61.3,
48.3, 14.3; MS (ES mass): 347.1 (M+1); HPLC: 92.@%umn: Symmetry C-18 75 x
4.6 mm 3.5, mobile phase A: 0.1 % Formic Acid in water, melgphase B: CkCN,
gradient (T/%B): 0/50, 0.5/50, 3/95, 10/95, 10.5/62/50; flow rate: 1.0 mL/min; UV
210 nm, retention time 4.18 min.

2.5.1.43. 3-Methyl-11-0x0-5-allyl-11-hydro-benzo[8]imidazo[1,2-blisoquinoline-
6(5H)-carboxylic acid ethyl ester (490)

Compound 490) was synthesized fronb4b) following a procedure similar to that of

compound 49a)

Yield: 91% (86 mg)yellow solid;mp: 170-173 °CR; = 0.6 (10% EtOAch-hexane);
IR (KBr, cmi): 3317, 2936, 1761, 1677, 159%) NMR (400 MHz, CDCJ) &: 8.72
(d,J = 8.4 Hz, 1H), 8.54 (d] = 8.4 Hz, 1H), 8.01 (d] = 8.8 Hz, 1H), 7.68-7.64 (m,
1H), 7.36 (t,J = 8.0 Hz, 1H), 7.14 (dJ = 8.0 Hz, 1H), 7.04 (s, 1H), 5.97-5.89 (m,
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1H), 5.31 (d,J = 10.4 Hz, 1H), 5.24 (d] = 17.2 Hz, 1H), 4.77-4.73 (m, 2H), 4.48 (q,
J = 7.1 Hz, 2H), 2.51 (dJ = 7.9 Hz, 3H), 1.45 (t) = 7.1 Hz, 3H);"*C NMR (100
MHz, CDCB) é: 166.9, 159.7, 141.4, 136.4, 135.5, 134.6, 13P31,1, 127.7, 125.7,
123.2, 123.1, 122.6, 118.6, 118.2, 116.6, 108.8,871.3, 48.1, 21.8, 14.84S (ES
mass): 361.1 (M+1)HPLC: 99.0%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mohikease B: CHCN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/&6y rate: 1.0 mL/min; UV 245 nm,

retention time 5.68 min.

2.5.1.44. 11-Oxo-5-propargyl-11-hydro-benzo[4,5]irdazo[1,2b]isoquinoline-
6(5H)-carboxylic acid ethyl ester (49p)

\\
s e

N

o

Compound 49p) was synthesized fronb4c) following a procedure similar to that of

compound49a).

Yield:89% (84 mg); white solid; mp: 280-282 °R; = 0.6 (10% EtOAch-hexane);
IR (KBr, cmi?): 3215, 2983, 2112, 1789, 1674, 1669;NMR (400 MHz, CDCJ) &:

8.87 (d,J = 8.0 Hz, 1H), 8.56 (dJ = 8.0 Hz, 1H), 8.22 (d] = 8.4 Hz, 1H), 7.71-7.67
(m, 1H), 7.46 (tJ = 7.6 Hz, 1H), 7.41-7.35 (m, 3H), 4.94 M= 2.4 Hz, 2H), 4.58
(q,J = 7. 2 Hz, 2H), 2.36-2.35 (m, 1H), 1.47 {,= 6.8 Hz, 3H);**C NMR (100

MHz, CDCB) é: 166.5, 159.8, 141.6, 135.4, 133.8, 133.0, 12129,7, 126.1, 123.6,
123.2, 122.8, 119.1, 117.2, 109.9, 108.2, 87.63, 8.4, 36.0, 14.4S (ES mass):
345.1 (M+1); HPLC: 99.0%, column: Symmetry C-18 ¥%1.6 mm 3., mobile

phase A: 0.1 % Formic Acid in water, mobile phaseCBi;CN, gradient (T/%B):
0/50, 0.5/50, 3/95, 10/95, 10.5/50, 12/50; floweral.0 mL/min; UV 250 nm,

retention time 3.85 min.

2.5.1.45. 3-Methyl-11-oxo0-5-propargyl-11-hydro-bera{4,5]imidazo[1,2-
blisoquinoline-6(5H)-carboxylic acid ethyl ester (49q)
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Compound 49q) was synthesized fronb4d) following a procedure similar to that of

compound 49a).

Yield: 86% (82 mg); white solidnp: 293-295 °CRs = 0.6 (10% EtOAch-hexane);
IR (KBr, cmi®): 3218, 2986, 2385, 1693, 1668) NMR (400 MHz, CDCJ) &: 8.72
(d,J = 8.8 Hz, 1H), 8.54 (d] = 8.4 Hz, 1H), 8.22 (d] = 8.8 Hz, 1H), 7.69 (t) = 8.4
Hz, 1H), 7.39 () = 7.6 Hz, 1H), 7.17 (dJ = 6.8 Hz, 2H), 4.94 (d) = 2.2 Hz, 2H),
4.58 (q,J = 7.2 Hz, 2H), 2.54 (s, 3H), 2.35 (s, 1H), 1.5Q)(§ 7.2 Hz, 3H);**C NMR
(100 MHz, CDC}) 3: 166.6, 159.7, 141.6, 136.5, 135.4, 134.0, 13P29,7, 125.8,
123.7, 123.5, 123.1, 119.1, 116.8, 108.6, 87.6,701.2, 61.4, 35.9, 21.9, 14MS
(ES mass): 359.1 (M+1HPLC: 94.0%, column: Symmetry C-18 75 x 4.6 mmu3.5
mobile phase A: 0.1 % Formic Acid in water, mohikase B: CHCN, gradient
(T/%B): 0/50, 0.5/50, 3/95, 10/95, 10.5/50, 12/6yw rate: 1.0 mL/min; UV 250 nm,

retention time 4.15 min.

2.5.1.46. 11-Ox0-5-benzyl-11-hydro-benzo[4,5]imidall,2-blisoquinoline-6(5H)-
carboxylic acid ethyl ester (49r)

Ph

QN>
N OEt
0]

Compound 49r) was synthesized fronb4e)following a procedure similar to that of

compound49a).

Yield: 95% (91 mg); white solid; mp: 186-189 °R;= 0.6 (10% EtOAch-hexane);
IR (KBr, cmi*): 3069, 2981, 1663, 16084 NMR (400 MHz, CDCJ) &: 8.92 (d,J =
7.6 Hz, 1H), 8.56 (d) = 8.0 Hz, 1H), 7.92 (d) = 8.4 Hz, 1H), 7.66 (t) = 8.4 Hz,
1H), 7.41-7.28 (m, 6H), 7.15 (d,= 6.8 Hz, 2H), 7.11 (d) = 7.6 Hz, 1H), 5.40 (s,
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2H), 4.05 (g = 7.6 Hz, 2H), 1.06 (t) = 7.2 Hz, 3H):**C NMR (100 MHz, CDGJ)

o: 166.7, 159.9, 153.9, 141.2, 135.5, 134.8, 13432.9, 128.8 (2C), 127.7 (2C),
126.1, 126.0, 123.3, 122.6, 122.5, 118.7, 117.9,9,0108.4, 87.6, 61.3, 49.1, 13.8;
MS (ES mass): 397.1 (M+1HPLC: 95.0%, column: Symmetry C-18 75 x 4.6 mm
3.5u, mobile phase A: 0.1 % Formic Acid in water, melphase B: CECN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/&@y rate: 1.0 mL/min; UV 245 nm,

retention time 5.66 min.

2.5.1.47. 3-Methoxy-11-0x0-5-benzyl-11-hydro-benzbpJimidazol[1,2-
blisoquinoline-6(5H)-carboxylic acid ethyl ester (49s)

Compound 49s)was synthesized fronb4f) following a procedure similar to that of

compound 49a).

Yield: 95% (91 mg)jight yellow solid; mp: 281-284 °C; R= 0.4 (20% EtOAch-
hexane);IR (KBr, cm'): 3084, 2985, 1669, 1643+ NMR (400 MHz, CDC)) &:
8.80 (d,J = 8.4 Hz, 1H), 8.55 (dJ = 8.2 Hz, 1H), 7.91 (dJ = 8.4 Hz, 1H), 7.64 (th]

= 8.4, 1.0 Hz, 1H), 7.39-7.27 (m, 4H), 7.15Jds 7.2 Hz, 2H), 6.87 (dd] = 8.4, 2.1
Hz, 1H), 6.63 (dJ = 2.2 Hz, 1H), 5.36 (s, 2H), 4.05 (@~ 7.1 Hz, 2H), 3.82 (s, 3H),
1.06 (t,J = 7.1 Hz, 3H);**C NMR (100 MHz, CDG)) §: 166.7, 159.5, 158.6, 141.3,
136.0, 135.3, 134.7, 132.6, 128.8 (2C), 127.7,8,2126.0 (2C), 123.3, 122.6, 121.9,
118.7, 117.7, 107.7, 95.0, 88.0, 61.3, 55.8, 48318; MS (ES mass): 427.2 (M+1);
HPLC: 97.2%, column: Symmetry C-18 75 x 4.6 mmu3.&obile phase A: 0.1 %
Formic Acid in water, mobile phase B: @EN, gradient (T/%B): 0/50, 0.5/50, 4/98,
10/98, 10.5/50, 12/50; flow rate: 1.0 mL/min; UV@B_m, retention time 5.42 min.

2.5.1.48. 3-Methyl-11-oxo0-5-cyanomethyl-11-hydro-lbeo[4,5]imidazo[1,2-
blisoquinoline-6(5H)-carboxylic acid ethyl ester (49t)
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Compound 49t) was synthesized fronb4g) following a procedure similar to that of

compound 49a).

Yield: 96% (91 mg)white solid;mp: 240-242 °CR; = 0.2 (30% EtOAch-hexane);
IR (KBr, cmi): 3066, 2923, 2338, 1658, 1618 NMR (400 MHz, CDCJ) &: 8.72
(d,J =8.0 Hz, 1H), 8.56 (d) = 8.0 Hz, 1H), 8.35 (t) = 8.4 Hz, 1H), 7.76-7.72 (m,
1H), 7.46 (tJ = 8.0 Hz, 1H), 7.24 (d) = 8.4 Hz, 1H), 7.15 (s, 1H), 5.09 (s, 2H), 4.63
(q,J = 7.2 Hz, 2H), 2.55 (s, 3H), 1.54 @, = 7.2 Hz, 3H);**C NMR (100 MHz,
CDCl) 6: 169.2, 161.7, 153.1, 142.1, 141.4, 136.6, 136,5, 128.3, 124.6, 123.1,
121.9, 119.7, 118.3, 116.3, 113.7, 84.2, 60.6,,321®8, 14.4MS (ES mass): 360.1
(M+1); HPLC: 93.0%, column: Symmetry C-18 75 x #nén 3.5u, mobile phase A:
0.1 % Formic Acid in water, mobile phase B: £, gradient (T/%B): 0/20, 0.5/20,
4/98, 10/98, 10.5/20, 12/20; flow rate: 1.0 mL/mily 250 nm, retention time 5.20

min.

2.5.1.49. 3-Methyl-11-0x0-5-(2ethoxy-2-oxoethyl)-11-hydro-
benzo[4,5]imidazo[1,2b]isoquinoline-6(5H)-carboxylic acid ethyl ester (49u)

Compound 49u) was synthesized fronb4h) following a procedure similar to that of

compound49a).

Yield: 91% (88mg)yellow solid;mp: 169-172 °CR; = 0.6 (30% EtOAch-hexane);
IR (KBr, cmi): 3379, 2979, 1756, 1683, 1608 NMR (400 MHz, CDCJ) &: 8.69
(d,J = 8.0 Hz, 1H), 8.54 (d) = 8.0 Hz, 1H), 8.16-8.11 (m, 1H), 7.67 Jt= 8.4 Hz,
1H), 7.38 (tJ = 7.2 Hz, 1H), 7.15 (d) = 8.0 Hz, 1H), 6.96 (s, 1H), 4.81 (s, 2H), 4.48
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(q,J = 7.2 Hz, 2H), 4.29 (@) = 7.2 Hz, 2H), 2.50 (s, 3H), 1.47 (t,= 6.8 Hz, 3H),
1.29 (t,J = 7.2 Hz, 3H):™*C NMR (100 MHz, CDCJ) &: 167.4, 167.4, 166.6, 159.4,
142.6, 136.5, 134.5, 132.7, 127.6, 123.6, 123.3,112119.0, 117.3, 116.4, 108.3,
87.0, 61.9, 61.4, 47.9, 21.6, 14.3, 14.0; MS (ESgnat06.5 (M+1)HPLC: 99.1%,
column: Symmetry C-18 75 x 4.6 mm j3,5mobile phase A: 0.1 % Formic Acid in
water, mobile phase B: GBN, gradient (T/%B): 0/20, 0.5/20, 4/98, 10/98,5{P0,
12/20; flow rate: 1.0 mL/min; UV 250 nm, retentibme 5.35 min.

2.5.1.50. 3-Methoxy-11-oxo0-11-hydro-benzo[4,5]oxdnfl,2-blisoquinoline-6-
carboxylic acid ethyl ester (49v)

Compound 49v) was synthesized frond8n) following a procedure similar to that of

compound 49a).

Yield: 92% (87 mg); white solidnp: 185-188 °CR; = 0.6 (10% EtOAch-hexane);
IR (KBr, cm*): 3352, 2981, 1689, 16044 NMR (400 MHz, CDCJ) &: 8.80 (d,J =
8.8 Hz, 1H), 8.52 (d) = 8.0 Hz, 1H), 8.18 (d] = 2.4 Hz, 1H), 7.78 (dd] = 8.4, 1.2
Hz, 1H), 7.49 (tJ = 7. 6 Hz, 1H), 7.41(d) = 8.8 Hz, 1H), 7.00-6.97 (m, 1H), 4.53
(q,J = 7.2 Hz, 2H), 3.93 (s, 3H), 1.50 @, = 7.2 Hz, 3H);"*C NMR (100 MHz,
CDCl) &: 164.4, 159.1, 157.1, 141.0, 135.1, 133.7 (2CY,.4,2127.5, 125.1, 125.0,
120.9, 113.5, 110.7, 101.5, 87.8, 60.9, 56.2, 1M8; (ES mass): 338.0 (M+1);
HPLC: 94.6%, column: Symmetry C-18 75 x 4.6 mmu3.&obile phase A: 0.1 %
Formic Acid in water, mobile phase B: @EN, gradient (T/%B): 0/20, 0.5/20, 4/98,
10/98, 10.5/20, 12/20; flow rate: 1.0 mL/min; UV@Am, retention time 5.45 min.

2.5.1.51. 3-Methoxy-11-oxo0-11-hydro-benzo[4,5]oxdnfl,2-blisoquinoline-6-

carbamide (49w)
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Compound 49w) was synthesized fron#80) following a procedure similar to that of

compound49a)and purification done by column chromatography.

Yield: 85% (73 mg)white solid; mp: 226-229 °R; = 0.4 (80% EtOAch-hexane);

IR (KBr, cm'): 3395, 3315, 2922, 1658, 1611 NMR (400 MHz, DMSOds) &
8.35 (d,J = 8.0 Hz, 1H), 8.23 (dJ = 8.4 Hz, 1H), 7.99 (s, 1H), 7.87 (s, 1H), 7.81-
7.79 (m, 2H), 7.65 (d] = 9.2 Hz, 1H), 7.50 (t) = 9.2 Hz, 1H), 7.06 (dd] = 8.8, 2.4
Hz, 1H), 3.86 (s, 3H)!C NMR (100 MHz, CDGJ) &: 164.8, 158.4, 156.7, 141.2,
135.6, 133.6, 131.3, 128.0, 127.5, 125.1, 125.0,9,212.5, 111.4, 101.8, 79.5, 56.4;
MS (ES mass)309.0 (M+1);HPLC: 97.7%, column: Symmetry C-18 75 x 4.6 mm
3.5u, mobile phase A: 0.1 % Formic Acid in water, melphase B: CECN, gradient
(T/%B): 0/20, 0.5/20, 4/98, 10/98, 10.5/20, 12/@y rate: 1.0 mL/min; UV 250 nm,

retention time 5.20 min.

2.5.1.52. 3-Methoxy-11-o0x0-11-hydro-benzo[4,5]oxdnfl,2-blisoquinoline-6-(2’-

morpholino) carbamide (49x)

Compound 49x) was synthesized fron#8p) following a procedure similar to that of
compound49a)and purification done by column chromatography.

Yield: 72% (69 mg)jight green solidR; = 0.2 (80% EtOAch-hexane)iR (KBr, cm

1): 3392, 3315, 2929, 1651, 1614 NMR (400 MHz, DMSOds) &: 8.54 (d,J = 8.0
Hz, 1H), 8.18 (dJ = 2.8 Hz, 1H), 7.80-7.69 (m, 2H), 7.52 {t= 7.6 Hz, 1H), 7.35
(d,J = 9.2 Hz, 1H), 6.97 (ddJ = 8.9, 2.5 Hz, 1H), 4.07-3.97 (m, 2H), 3.94 (s, 3H),
3.92-3.83 (m, 2H), 3.77-3.67 (m, 1H), 3.65-3.58 (Hi), 3.56-3.49 (m, 1H), 3.49-
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3.41 (m, 1H);:**C NMR (100 MHz, DMSOde) &: 163.2, 158.7, 157.0, 141.0, 134.8,
133.6, 128.1, 127.9, 125.1, 123.5, 121.3, 113.0,411109.9, 101.7, 90.1, 67.1, 66.9,
56.2, 47.6, 47.6; MS (ES mass): 378.6 (M+1).

2.5.1.53. 3-Methyl-11-o0x0-11-hydro-benzo[4,5]oxazjl,2blisoquinoline-6-
carboxylic acid ethyl ester (49y)

O
0]
N

O

Compound 49y) was synthesized fron28q) following a procedure similar to that of

compound 49a).

Yield: 93% (88 mg);white solid;R; = 0.6 (10% EtOAch-hexane)IR (KBr, cm™):
2987, 1685, 1602H NMR (400 MHz, CDCY) &: 8.82 (d,J = 8.4 Hz, 1H), 8.56 (d)

= 7.6 Hz, 1H), 8.45 (dJ = 8.0 Hz, 1H), 7.80 (t) =7.2 Hz, 1H), 7.52 (t) =7.2 Hz,
1H), 7.37 (s, 1H), 7.25 (s, 1H), 4.55 (o= 7.2 Hz, 2H), 2.54 (s, 3H), 1.52 (t,= 7.2
Hz, 3H); **C NMR (100 MHz, CDGJ) &: 165.6, 162.2, 158.6, 147.2, 137.3, 135.1,
133.5, 127.6, 125.5, 125.1, 125.0, 121.2, 116.0,8,1109.9, 87.8, 60.8, 21.7, 14.4;
MS (ES mass): 322.1 (M+1).

2.6. References:

1. (a) Shaharyar, M.; Mazumder, A.; Garg, R.; Pané&e\D., Arabian Journal of
Chemistry.2012;, (b) Shah, K.; Chhabra, S.; Shrivastava, S. K.shva, P.,
Med. Chem. Re2013,22(11), 5077-5104.

2. (a) McKee, M. L.; Kerwin, S. M.Bioorg. Med. Chem2008,16 (4), 1775-
1783; (b) Potashman, M. H.; Bready, J.; Coxon,DeMelfi, T. M.; DiPietro,
L.; Doerr, N.; Elbaum, D.; Estrada, J.; Gallant, @ermain, J.J. Med. Chem.
2007,50(18), 4351-4373; (c) Huang, S.-T.; Hsei, 1.-J.p6NhC. Bioorg. Med.
Chem.2006,14 (17), 6106-6119.

3. (a) Croisy-Delcey, M.; Croisy, A.; Carrez, D.; Hué€l.; Chiaroni, A.; Ducrot,
P.; Bisagni, E.; Jin, L.; Leclercq, @joorg. Med. Chen2000,8 (11), 2629-
2641; (b) Asano, Y.; Kitamura, S.; Ohra, T.; Itéh;, Kajino, M.; Tamura, T.;

114



Amberlyst-15 mediated activation of vinylic amino. ..

Kaneko, M.; lkeda, S.; Igata, H.; Kawamoto, Bigorg. Med. Chen008,16
(8), 4699-4714; (c) Matsui, T.; Sugiura, T.; Nakdi, Iguchi, S.; Shigeoka,
S.; Takada, H.; Odagaki, Y.; Nagao, Y.; Ushio, ¥.Med. Chem1992, 35
(18), 3307-3319.

4. Bollini, M.; Casal, J. J.; Alvarez, D. E.; Boiari,; Gonzélez, M.; Cerecetto,
H.; Bruno, A. M.,Bioorg. Med. Chen009,17 (4), 1437-1444.

5. (a) Lee, S. H.; Park, D. R.; Kim, H.; Lee, J.; JuhgC.; Woo, S. Y.; Song, W.
S.; Kwon, M. S.; Song, I. KCatal. Commun2008,9 (9), 1920-1923; (b)
Park, S.; Cho, K. M.; Youn, M. H.; Seo, J. G.; BgeB.-H.; Kim, T. J,;
Chung, Y.-M.; Oh, S.-H.; Song, |. KCatal. Lett.2008,122 (3-4), 349-353;
(c) Song, I. K.; Lee, W. Y Appl. Catal. A: Gen2003,256 (1), 77-98.

6. Das, B.; Thirupathi, P.; Mahender, |.; Reddy, V..o, Y. K.,J. Mol. Catal.
A: Chem2006,247 (1), 233-239.

7. Ko, S.; Yao, C.-F.Tetrahedron Lett2006,47 (50), 8827-8829.

8. Liu, J.-Y.; Liu, J.; Wang, J.-D.; Jiao, D.-Q.; Litq.-W., Synth. Commun.
2010,40(14), 2047-2056.

9. Das, B.; Veeranjaneyulu, B.; Krishnaiah, M.; Balasmanyam, P.Synth.
Commun2009,39 (11), 1929-1935.

10.Palmieri, A.; Gabrielli, S.; Ballini, RChem. Commur2010,46 (33), 6165-
6167.

11.Abonia, R.; Cuervo, P.; Castillo, J.; Insuasty, Buiroga, J.; Nogueras, M.;
Cobo, J.Tetrahedron Lett2008,49 (34), 5028-5031.

12.Hou, R. S.; Wu, J. L.; Cheng, H. T.; Xie, Y. T.; &h L. C.,j. Chin. Chem.
Lett.2008,55 (4), 915-918.

13.Das, B.; Reddy, K. RKelv. Chim. Acta2006,89 (12), 3109-3111.

14.Das, B.; Banerjee, JGhem. Lett2004,33 (8), 960-961.

15.Ke, B.; Qin, Y.; Wang, Y.; Wang, FSynth. Commur2005, 35 (9), 1209-
1212.

16.Das, B.; Krishnaiah, M.; Laxminarayana, K.; Damqdar, Kumar, D. N.,
Chem. Lett2009,38 (1), 42-43.

17.Pal, R.; Mandal, T. K.; Guha, C.; Mallik, A. KI, Cheminform2012,43 (11).

18.Kadam, S. T.; Thirupathi, P.; Kim, S. Setrahedron2009, 65 (50), 10383-
10389.

115



Chapter 2

19.Bandini, M.; Fagioli, M.; UmanRonchi, A.,Adv. Synth. CataR004,346 (5),
545-548.

20.Kodimuthali, A.; Jabaris, S. S. L.; Pal, M.,Med. Chenm2008,51 (18), 5471-
5489.

21.Lowe lll, J. A.; Archer, R. L.; Chapin, D. S.; ChenJ. B.; Helweg, D.;
Johnson, J. L.; Koe, B. K.; Lebel, L. A.; Moore,R,J. Med. Chem1991,34
(2), 624-628.

22.Lu, J.; Gong, X.; Yang, H.; Fu, H., Concise coppatalyzed one-pot tandem
synthesis of benzimidazo [1, 2-b] isoquinolin-1Jeoderivatives.Chemical
Communication2010,46 (23), 4172-4174.

23.Wang, P.; Myers, J. G.; Wu, P.; Cheewatrakoolp@&gEgan, R. W.; Billah,
M. M., Biochem. Biophys. Res. Commii897,234(2), 320-324.

116



Amberlyst-15 mediated activation of vinylic amino. ..

Appendix

NH,

hol
IR

8 Apev <€
hot L
L
7L
Apev L

O E

=z
&I

b
v T T T ]

ppm {t1)

il

L

o7 4 ? ——

s
Wooghpg ¥
I T T T T I T T T T | T T T T T T T T T T T T | T T T T T T T T 1 T T T T ]
8.0 7.0 6.4 5.0 4.0 30 24 1.0 ac
pom {t1)
'H NMR spectra of compoursRb (CDCl;, 400 MHz)
3
NH,
: NH |
e
| i N 1 [
| 1l [ | ‘
T T ' T T T T | T T T T ' T T T [
1 10
pprm (1)

*C NMR spectra of compourii2b (CDCl, 100 MHz)

117



Chapter 2

NH |

Pht £
oL L
B0 -
L&D =
pED L
C(;

Thor € b
=

in =
=
=}
=

B.00 7.
ppm (t1)

—_—

oD = I:-—-——-
O b A — —
~ — —
R —_—
S

| £
B &
0
D
EHE =

= 2 Al I P, -
] < = s oSS 4
= =5 = o Nk
=1 = = = =3 =

¥C NMR spectra of compouri2c (DMSO-ds, 100 MHz)

118



Amberlyst-15 mediated activation of vinylic amino. ..

oo

BYE
E0L L

760 L

oL -C

S0 -T

'H NMR spectra of compourRd (DMSO-ds, 400 MHz)

142 967
142 907
139.370
_——— 131.564
g\ 128,208
b 126 592
122 948
\: 116.453
116,334

128.719
128.501
W .257

1668503

S
\‘\_

Q Q9
z z
I I

N

*C NMR spectra of compour2d (DMSO-ds, 100 MHz)

119



Chapter 2

a2 x o ¥ NH |
L& £ B z 2= 8
ELJ T T T T ‘[52 T T T T *1:: T T T o
ppm (1)
N | ik
Bovy ovwoy ¥
| T T T T | T T T T [ T T T T T T T T r T T T T I T T T 1 1 T T 1T 1 ‘ LI T '|
8.0 7.0 8.0 50 44 3.0 20 1.0 0.0
pam (t1)
'H NMR spectra of compourRe(CDCl, 400 MHz)
2 2 SIEQLEZ 3 =
: 2 =285 888 5 E
NH |
o)
Lo | I
I
ot L i
T T I T T T T r T T T T T T T T I
150 100 50 L}
pom (t1)

*C NMR spectra of compouriRe (CDCl, 100 MHz)

120



Amberlyst-15 mediated activation of vinylic amino. ..

NH,

e, CC
NT OEt

Wy L i L
T T T WL LT
) B Dow ho )
T l T T T T ‘ T T T T | T T T T ‘ T
8.50 8.00 7.50 7.00
ppm (t1)

)
8 e

A JJJL
L‘_l
5
o

I e B e e e e I B A e B o B B B B By B |

00’ =
¥0'L =
91¢ €«

50T L mm—

80 7.0 6.0 5.0 4.0 3.0 20 1.0
ppm (1)
'H NMR spectra of compountBa (CDCl, 400 MHz)
: 5 3 3339385 8 88 5
NH,
s
N” X" “OEt
o)
BT I |
el |
L1 LU |
T T | T T T T | T T T T | T T T T 1
150 1 5
pem (t1)

*C NMR spectra of compourtBa (CDCl;, 100 MHz)

121



Chapter 2

nine

|

99t L r_M:_ T

YU oWy
T ‘ T T T T I T T T T I T T T T w T T T T | T T T T F T T T T F T T T T ' T T T T ’
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (1)
'H NMR spectra of compourtBe(DMSO-ds, 400 MHz)
€ & ¥E50EEN¥aICE g
NH,
N7y “NH,
o)
! | I oo
[ T ,
| T T T T ‘ T T T T T T T T
150 100 50 0
pprm (1)

%C NMR spectra of compountBe(DMSO-ds, 100 MHz)

122



Amberlyst-15 mediated activation of vinylic amino. ..

NH,
\@[ NH, O
Frrs T N™ OMe
1 g R
L2 = B 2aaoN o]
T ] T
8.00 T
pem (1)

vy L ! ¥
23 NooEzeE b g
T T I T 1 1T T 1 T T T T ! T T T T I T T T T ' T T T T ' T T T T r T T T T | T T T T
B.0 7.0 6.0 5.0 40 30 248 1.0
ppm (1)
'H NMR spectra of compourtBg (CDCl, 400 MHz)
g & 3 5
NH,
\@( NH2 O
NT OMe
¢

ppm (f1)

*C NMR spectra of compourtBg (CDCl;, 100 MHz)

123



Chapter 2

e e oW
: 2 < 2 o
LA I B [ R B T r o
B.od 7.50

ppm (t1)

Al

—_—
e

L
o=
L

L

JI
|

LS ,L_-— —

|
L

y oWy 5
= = = = b
g B2 8 g
T T | T T T T r T T T T r T T T T I T T T T l T T T T 1 T T T T 1 T T T T | T T T T
8.0 7.0 6.0 5.0 4.0 3.0 20 1.0
pem (1)
1
H NMR spectra of compourdBh (DMSO-ds, 400 MHz)
= = = i R i~ — e =4
T 2 23ZszngSfEsEc s
- o o N ¥ mEE - - @ @ ko w2
= Cr EEo @ YN T - ]

ERE"
e 1940

~
-

S

21.39%4

*C NMR spectra of compour#Bh (DMSO-ds, 100 MHz)

124




Amberlyst-15 mediated activation of vinylic amino. ..

|
o) NH,
N -CO2E

L Lty ey ©
5 ] g2
1 L I T L L T 1 1 1 | T
7.50 7.00 6.50
ppm (t1)
W Woogrd W o i g
28 - B2 o2 : = 9
LI LI ' I LI | T LI T | LI L L ! LI | LI | I Fr 1 1 I LI I 11 T ' L T !
B.O T4 6.0 5.0 4.0 30 20 1.0 0.0
'H NMR spectra of compourtBj (CDCl;, 400 MHz)
3 8§88 & : g8 2 2 3 2
T ww w 3 2 EZ b 2 8 4

= 16192

|
o) NH,
N\, -CO2E

i

*C NMR spectra of compourBj (CDCl;, 100 MHz)

125



Chapter 2

cl NH
JOL e
cl N7 CO,Me
L ! e 0
% 2 =2 & = @
| T T T T 1 T T T r T T T T | T
B.50 B.0O 7.50 T.00
ppm (1)
| J JL_J .
Yo L Y i o
o o ol ~ ot~ A w
¥ & Y8 e g 8
1II[I'IIII[I1I|[I|IIll11|[l1|||ll1llll|1ll
8.0 70 6.0 5.0 4.4 3.0 20 1.0
'H NMR spectra of compour¢Bm (DMSO-ds, 400 MHz)
g T § E EgfgEzeesad 5 3
€ z & ¢ zgdpszggeed 5 =
cl NH
JOW
cl N CO,Me
0
' poobo oy | !
I n .,J , ,

*C NMR spectra of compourtBm (DMSO-ds, 100 MHz)

126



Amberlyst-15 mediated activation of vinylic amino. ..

/
I A H)'A ,'q @[NHNHZO

ooy oo e N™™ OEt
i 5 s Ego b
T 1 T LA B B O
8.50 B.0 FiEil T.00
prm (1)

—_—
—_—
—_
—_—
—
—
—_—

—_—
e

T — ———

e m————

VYV |
Yoy oy L i
T T T T l T T L | T T T T 1 T 7 T T |' T 1 LI '| T T T T r T 1 T T | LI T T r LI T T
8.0 1.0 6.0 5.0 4.0 30 20 1.0
pem (f1)
'H NMR spectra of compour#a(CDCls, 400 MHz)
g e B SRESSEEEEY 3 g s
NH
e
N™ " TOEt
o)

a1 N . ; L

T T | T T T T I T T T T T T
150 1040 i
pom (1)

*C NMR spectra of compouri#a(CDCl;, 100 MHz)

127



Chapter 2

NH, O
o R T
- < - o o Y
2 e =8 o == N™ X" “OEt
| T T T T 1 T T T T [ T T T T | T
B.50 B.00 7.50 T.00
ppm (f1)
Wy Wy Wy ¥ ¥
= CNER A B i = o
ZE 28 B 8 3 o
T T T 1 T T T T I T T T T | T T T T | T T T T T | T T T T '| T T T T | T T T T '
8.0 7.0 6.0 50 40 30 20 1.0 0.

'H NMR spectra of compours#ic (CDCl;, 400 MHz)

m o] - I P P P e D03 - o
8 8 & AR S8835534885% g3 & 2 I g
@ = ] HE UL EY gEE @ = = F~ ot = n
£ 2 = bR ol T T T i S S 2 = z 2 =
NH
@[ NH, O
NT OEt
0]
| AR I | | |
|
! [} 1 ||
T T T T T T T T T T T T T T T
50 oo 50

*C NMR spectra of compouri#c(CDCls, 100 MHz)

128




Amberlyst-15 mediated activation of vinylic amino. ..

(CN
\E:[ NH; o

N~

OEt

-
=, T

L

Wy Py By y Y
g8 2 "am 2 B8 2 2
e T e e
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
opm (f1)
'H NMR spectra of compourstg (CDCls, 400 MHz)
~ [l M T 0 NN O Y 0NN T
8O 9 BeBgcraBIsEAEL 2 g 2 8 &
€ o B ¥ 8BR8IJFZEEE 3 8 8 & =
CN
NH
\@[ NHZO
N~

ppm (f1)

*C NMR spectra of compouri#g(CDCl;, 100 MHz)

129



Chapter 2

L, L L2d g N7 OEt
o= & Ep= =

T (R B T ™ T

8.50 8.00 7.50 .00 O

ppm (f1)

—
—
—
_—
_
——
—
——

-
2
=

vy Woowey g PO Y Py

e S e o I ma P b o

[ ha oxioe oo L o cas o [~

= - &= W W & W RO = - o

T T T I T T LI 1 T T T T | T 1 T T r T 1 T T ! T T T 7T T T 7T T r LI I T r T 7T T T 1
B.O 7.0 6.0 50 40 30 20 1.0 LiXs}

ppm (1)

'H NMR spectra of compours#h (CDCl;, 400 MHz)

TIRE g3 e - . as
£3: 3 ¢ ieet:  f iz i = 3¢

T |

anm if11

*C NMR spectra of compouri#th (CDCl;, 100 MHz)

130



Amberlyst-15 mediated activation of vinylic amino. ..

o) OH
N, -CO2E

oy R
— = - = N aa
: & S # & GBS o)
IFI LI |I||| IIII1lIIII
B.50 8. .5 r.oo
ppm (1)
Yoy W Ly N y y
—_ = — = =] =] [~
58 5 @eEe z % <
T T T | L L L) T T T T 1 T T 1 T T T T T ' T T T T | T T T T I T T T T | T UL ’
8.0 7.0 8.0 5.0 4.0 3.0 20 1.0 0.
ppm (T1)
1
H NMR spectra of compourdBn (CDCls, 400 MHZz)
= = EE e EIouNI~aE oS - -
S &~ 225 38R388GIR: g g ]
2 o S E RODEeNTod = = o =
£ ¥ B8 F godddNTorT T E3 28 =

apm (1)

*C NMR spectra of compourdBn (CDCl;, 100 MHz)

131



Chapter 2

CO,Me

Zz" 2o

T aad L

F10a0

TF 1.0

M

ppm (1)

_.JJULA l

E R

T 0

2= 069
31402

I 1.05

e

T 1.040

(45

'H NMR spectra of compourtdk (DMSO-ds, 400 MHZ)

05915
ELBGH

ekles

BG L BOL ——
BRGDLL

9LOBLL ™
YEHIEL .
051 EEL R
BLEWEL ——
b LEL ——

DBEEEL
FOLEEL HV

EGOOEL

BOGGYL

peaas ——.

DGE"BSL

10E'09L

COzMe

=z =

I
100

|
150

3C NMR spectra of compourtbk (DMSO-ds, 100 MHz)

132



Amberlyst-15 mediated activation of vinylic amino. ..

H
Clj@[N CO,Et |
= A
N
cl Y o e
o e e e e S
8.00 B.50 B.00 7.50
mpm {t1)

I

i

Bl e ————
F
{

| i

L ey L Y ¥
o ey by h M
5 e [ 2 E

168.07F

T T T T T T T T T

100 5.0

158304
146,762
135.034

14.561

83.268
61.159

150 100 50

*C NMR spectra of compourtbl (CDCl;, 100 MHz)

133



Chapter 2

oy W Yooy W N
c% & i = 35 /
T T T r T T T T | T T T T ' T T T || O

B.50 8.00 7.50
ppm (1)

L Y S

L L e ¥
s Fzc= : ¥ ER < :
| T T T 7T 1 T T T T | T T T T | T T T T ! T T T T T T T T 'I T T T T I T T T T | T T T T
0 T.0 6.0 5.0 4.0 340 20 1.0
ppm {t1)
'H NMR spectra of compourtbo (CDCl, 400 MHz)
§ 2 :sss3dsiEsENEEEs | - : g
§
jog®
N OEt
Va
(0]
1
i | | | | !
| I I 1
1 1 1 | |
T T T T T T 1 T T T T | T T T T r
15 100 5 0
pom (t1)

*C NMR spectra of compourtbo (CDCl;, 100 MHz)

134



Amberlyst-15 mediated activation of vinylic amino. ..

e
i N Hom
e ZF = ¥ e VZ
= 3 = 2 =& o
| T T T T | T I L] T I ' I T
8.50 8.00 1.50
pem (1)
Lk L1 |
Yy ¥y L '1“1‘ 1 ‘H ¥ "J.

r T 7T T T T T T T ' T T T T | LI T 1 1 T 1 T T |' T T T T | T T T T | T T T T | T T 1 'I
2.0 8.0 7.0 8.0 5.0 40 3.0 20 1.0 o4
'H NMR spectra of compourtBp (CDCls, 400 MHz)

o = oy O Nk =M O~ LD ~O
a8 23 B3IBECINBINEY 3 2 8 8 8
g 2 T8 EBNNENNNZEEE 3 2 z 8 s

N

\

*C NMR spectra of compourddp (CDCL, 100 MHz)

135



Chapter 2

Ph7
/0\©:N CO,Et
N
;b
NN N 0
=2 = 2z mis 2 @
IIII!IIII‘JIII|I1IIIIIII'
8.50 8.00 7.50 7.00
ppm (t1)
| L Lh
Yoy oy gy W oy Y
o o = S Wl oo = ] e
§® Ha38338% 28 3
fllll|l|f||IITI1|TII1III||III1'II|IIllllllr
13‘ 80 L1 6.0 5.0 4.0 30 240 1.0
'H NMR spectra of compourtBs(CDCls;, 400 MHz)
€ EZ2 TEE32 88 §YNZ 8 E] = 8 € =
Ph7
/O\CEN CO,Et
N
/
o)
1!
\ ol |||||| I I I [ !
L 1 Ll
Ll I 1 I I T T r T I I I 1 I T Ll T
15 100 5

*C NMR spectra of compourdds(CDCl, 100 MHz)

136



Amberlyst-15 mediated activation of vinylic amino. ..

NC>
TS
Yoy o iy N TS OFt
(=T = =] < o o
28 8 2 2 23
T T T ‘ T T T ' T T T T ' T T T T /
8.50 8.00 7.50 O
ppm (1)

—_—
—_
—_—
—
—_—
—_—

1T d |

¥
o
2

1871
e =

18l =

e B e e s B e B I B B B B B
8.0 7.0 8.0 50 4.0 3.0 20 10 0.0
ppm (1)

'H NMR spectra of compourtbt (CDCls, 400 MHz)

N 8 S E88EC8E9EEEEE
4 B ¥ 2203588 8Rk 5 2 8 g 8 B
@ = M AT O M OE DD DG D N «© =] o =
€ & P2 IZXeegfEgeddscers ) 2 B T =
NC
> o
\QN
~~ “OEt
N
(0]

N “Mi | | L]

*C NMR spectra of compour#bt (CDCl;, 100 MHz)

137



Chapter 2

EtO,C
B \CTN 3
NS OEt
tror o orird /
T rI T | T T T T ‘ T T T T | T T T T 1 T O
B.5 B.C0O 7.5 T.00
ppm (f1)
By W W YNy fovy 4 ¥y
o= = 2 oo N ] R
€% = 3 2 23 B B3 8 g8
T T T T 1 T T T T I T T T T I T T T T r T T T T I T T T T r T T T T |' T T T T | T T T T
8.0 70 6.0 5.0 40 3.0 20 1.0
nnm 11
'H NMR spectra of compourtBu (CDCl;, 400 MHz)

= o
< i
T 159490

ppm (f1)

*C NMR spectra of compourddu (CDCl;, 100 MHz)

138



Amberlyst-15 mediated activation of vinylic amino. ..

Boop Wt W o)
s = e e e s
= o = & nE Z
L L T B B T S B T e e e
B.50 B.00 7.50 7.00
ppm (1)
M_J__L_‘IJ l | Ll L Jﬂ ~
R T W y
5o o Bis o = ta p
£ 8 EE E E B %
LANNLINL L L A L L IO B O B IO B |
a.0 7.0 6.0 5.0 4.0 30 20 1.0 0.C

'H NMR spectra of compourtBbv (CDCl;, 400 MHz)

164422
1549106
127654
127.535
56202
14.4492

————— H7.548
60.911

oom (11

*C NMR spectra of compourtbv (CDCl;, 100 MHz)

139



Chapter 3

Synthesis of benzo[4,5]imidazo[1,2-
alquinoxalines via C-H alkenylation /

intramolecular ortho C—H cycloamination
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Synthesis of benzo[4,5imidazo[1,2-a]quinoxalines ...

3.1. Introduction:

Quinoxaline and its derivatives are versatile clafssitrogen containing heterocyclic
compounds that are prevalent in many natural pitsdilike echinomycin & triostin-
A) and pharmaceuticals possessing a broad speadfubiological activities- In
addition, quinoxaline derivatives also play impatteoles in materials science such as
preparation of luminescent materials and polymefs.few quinoxaline scaffold
containing pharmacologically active molecules dreven in (Figure 3.1). Quinacillin
(1) is highly effective against penicillinase prochgistrains ofstaphylococcus
aureus. AG 1295 p)* and AG 13853) acted as an epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor. Compour) is a topoisomerase Il inhibifband
compound %) is an inhibitor of p38 alpha MAP kina3&Compound §) is identified

as selective antagonist of human A (3) adenosicepterss On the other hand,
benzimidazoles are biologically and medicinally ortant chemical entities, which
have a wide range of biological activities and aften used as enzyme inhibitars
drug$, and dyes.

Me Me

ﬁ%mImQO(ﬁ

O
CUO&&Ugrgﬁ

OMe

MeO OMe
C y L
() N
H / Cl
e NY(IN%C&
O \ NH O
N NH
H
7, Anti- cancer 8, Anti-bacterial

Fig. 3.1 Examples of quinoxaline and benzimidazole coimginbiologically active

compounds.
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Functionalized alkenédhave been explored in the discovery of new drugs.
tamoxifert'® (Figure 3.2)was used to prevent breast cancer in women inake We
envisioned that assembly of quinoxaline and berdamvle framework in a single
molecular entityi.e. benzo[4,5]imidazo[1,2]-quinoxaline with an alkenyl moiety
attached with it largely remained underexploreder€fore, the development of a
convenient and efficient synthetic approach towardtkenyl substituted
benzo[4,5]imidazo[1,&]quinoxalines A, Figure 3.2) will be valuable for their
screening against various biological targets. $hkection of benzo[4,5]imidazo[1,2-
ajquinoxaline ring was inspired by the outstandimgdgical and medicinal activities
of structurally related imidazo[1&quinoxaline based molecufése.g. EAPB0203
(B, Figure 3.2). The core structure of benzo[4,5]maio[1,2a]quinoxalines A) i.e.
the central polynuclear heterocyclic ring can belized simply by moving and
fusioning the benzene ring of 3-methoxy phenyl ugravith the imidazole ring of
EAPB0203 B) as shown in Figure 3.2.

‘Quinoxaline
N\:[NHMe . N CI:' (Me)2N(H,C),0
: \ N
N N O:NI
— — W o TN —
MeO J i ! e
benzimidazale )
W Me
EAPB0503 (B) A Tamoxifen

Fig. 3.2 New alkenyl substituted benzo[4,5]imidazo[laRtuinoxalines A) from a known

imidazo[1,2a]quinoxaline derivative EAPB0203BJ and Tamoxifen.

In recent years, methods involving C-H bond actoat and subsequent
functionalization has become an attractive areaestarch in organic synthesis.
This is because it avoids the use of prefunctiaedl starting materials, and there
by improving the step-economy of the synthetic eouEspecially, transition-
metal-catalyzed C-H olefination reactions have b#en subject of tremendous
research complementing to Mizoroki-Heck reactfomecause of drawbacks such
as, limited availability of expensive aryl halidersponent, or their cumbersome
preparation. Direct C-H bond olefination (the Fujie:aMoritani reaction’f’ has
attracted huge attention as a greener and alteenagpproch to Mizoroki-Heck

reaction during past several yeavghile various transition metals including Pd,
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Cu, Ni, Co, Rh, and Ru have been used extensiwglyhfe C-H functionalization
leading to C-C and C-heteroatom bond formatibfihe Pd-catalyzed chelation-
directed spC-H activation has been found to be a highly dffecstrategy for this
purpose. However, selectivity in the activation ggss can be controlled by
suitably positioned directing groups. As a resaltyide range of directing groups
has been reported to aid C(Ar)-H activation unticently e.g. pyriding,

imidazoliné’, pyrazolé® oxazoliné®, amide€®, oximeether* ketones? hydroxyl 23

carboxylic acids? 2-pyridylsulfinyl,

quinolin€® etc. However, several of these
groups are non-removable and are considered asuselimitations for practical
applications of these processes. In our strategwaredered if any of these groups
or a new one could be considered as a pre-installedursor required for further
chemical transformation instead of attempting thhemoval after C-H activation
step. This strategy appeared to be attractive aodamnical and could avoid the
problems associated with the removal of directgrgups. A retro synthetic
analysis ofA depicted in (Figure 3.3) suggested that a quinogamoiety could
serve the purpose and play the role of a direajjregip in the present case. This
idea prompted us to test quinoxaline as a new tiivgcgroup for the C-H

functionalization witho-selectivity.”

new

directing //\\%k
N group” @[ I
I N™ "NH
_N— A N H O \
Qf o
C-H bond ~n Olefination?

e cycloamination
A 18

Fig. 3.3 Retrosynthetic analysis of compou#d

To obtain A, we have developed a two-step strategy for acegsseéw chemical
entities based on alkenyl substituted benzo[4,5lano[1,2alquinoxaline
frameworkvia the Pd (or Ru)-catalyzeortho C-H alkenylation and subsequent
hypervalent iodine promoted intramolecutetho C—H cycloamination reaction as
shown in Scheme 3.1.
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new
@ . . COC, o OO
group S "

~ lodine (III) NNy

/ / \ / g
C-H bond
cycloamination ~

alkenylation ™™
18 21 22 orA

Scheme 3.1 Pd-catalyzedrtho C-H functionalization followed by intramolecular—8

cycloamination under open air leading to alkenydsditutedN-heteroarenes2@).

3.1.1. Previous reports for the synthesis of benzbplimidazo[1,2-a]quinoxalines

derivatives:

In 2013, Ma and coworkers developed a conveniedt efficient copper-catalyzed
domino process for the construction of benzo[4,s]ano[1,2a]lquinoxalines 9)
from N-tosyl-2-haloanilines §) and 2-(chloromethyl)-H-benzofllimidazoles 8)
under mild conditions as shown in Scheme 3.2. Tishod provides a variety of

benzo[4,5]imidazo-[1;2]quinoxaline derivatives in good to excellent yiefd

Ts

NH .

R1©[ @E Cu(OAC),.H,0, L-Proline N. N
e Y
ol b | Cs,COs, NMP R@[ P
= s r’

in air
9 1

Scheme 3.2Synthesis of benzo[4,5]imidazo[lalguinoxalines.

In 2014, Jamison and coworkers developed a mildfacite method for the synthesis
of highly functionalized polycyclic quinoxaline deativesvia a visible-light-induced

decarboxylative radical cyclization of arylisocydes.

Q PhI(OCOCYy), (1.5 equiv) Q
N\//N N_ N
[fac—lr(ppy)3l (1 mol%) @[ /:[
N~ “Cy

NG 26W fluorescent bulb
DMF, 25°C, 5-24 h
12 13

Scheme 3.3Construction of heterocyclic-fused quinoxalineecstructures.
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This methodology utilizes environmentally friendlyradical precursor
phenyliodine(lll)dicarboxylates as easily accessibhtalyst as shown in Scheme
3.3%

In 2010, Shen and coworkers developed a novel rdetfur synthesis of
benzimidazo[1,2-a]quinoxalin-6k§-one derivativesvia intra molecular Goldberg
reaction. In this method copper(l)iodide acts aalgat and potassium phosphate as a

base as shown in Scheme %4.

N O
S 4 O
N  HN-R' Cul, N,N-dimethylglycine )\’4
BF\G KsPO,, DMF, 150 °C
7 R2 YN

R2
14 15

Scheme 3.4Synthesis of 3-(trifluoromethoxy)benzimidazoFhjauinoxalin-6(31)-ones.
3.2. Present work:

Though limited work has been done on the synthesi®enzo[4,5]imidazo[1,2-
alquinoxalines, synthesis of alkenyl substituted ypaklear N-heteroarenes e.g.
benzo[4,5]imidazo[1,2]quinoxalined’ is not common in the literature. Herein we
report a novel two-step strategy for accessing clesmical entities based on alkenyl
substituted benzo[4,5]imidazo[1d}quinoxaline frameworkia Pd (or Ru)-catalyzed
ortho C-H alkenylation and subsequent hypervalent iddlifpgpromoted
intramolecularortho C—H cycloamination under open air and mild condgicas

shown in following Scheme 3.5.

1 X R
XS R , \:[ N ECl
D ~COR P co,Re PIDA I
NTY N" Y | CH4CN A\

20 4 N N
R4 H — R —_— >
\©/ Pd(OAc),, room temp @\/fcozm
Cu(OAc), 30 min
18 R2 TFA, CH3CN R2 21 air R2
60°C, 12h (R4 = H 29
air X=N
Y = NH)

Scheme 3.5Synthesis of alkenyl substituted polynucliineteroarene2@).
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3.3. Results and discussion:

3.3.1. Preparation of key starting material (18):

The desired key starting matenad. 3-chloroN-aryl quinoxalin-2-aminel(8) required
for our study was prepared according to our preslioteported procedui®via AICI5
induced C-N bond formation reaction between 2&hldroquinoxaline(16) and

substituted anilines1{)in dichloroethane at 80 °C as shown as in ScHe

@Iif$m©1©/

10-12h
17 [ R?=H, OMe, CHj, F, CI, Br} 18
R*= H, OMe

Scheme 3.6Synthesis oB-chloroN-aryl quinoxalin-2-aminel(8).
3.3.2. Proposed mechanism for synthesis of (18) fno(16):

The plausible mechanism for conversionI8)(to (18) is depicted in Scheme 3.7.

R2
R‘t\Q
N_ _CI N_ _Cl R?
PO -Ngtg T O
®
N el N el NN
&) AlQ R4

16

8 e
L% QTSQIQ/

Scheme 3.7Proposed reaction mechanigon theformation of (.8)via AICI; induced C—
N bond forming reaction betweebhf) & (17).

The reaction seemed to involve complexation of AMZth one of the ring nitrogens
of (16) followed by nucleophilic attack by the amirier) affording intermediateX).
Finally release of AlGlleading to the desired produdi8f as shown in Scheme 3.7.

Further, a second nucleophilic attack di8)(was disfavored perhaps due to the
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preferential complexation of Alghwith the N-1(aided by the adjacent amine group)
overN-4 of (16).

The requisite other starting material(2t¢lyloxy)quinoline-3-carbaldehyde38) was
prepared by heating of 2-chloroquinoline-3-carblajdke (68 with substituted
phenol (9) at 100 °C in presence of potassium carbonate MFDas shown in
Scheme 3.8

OH  K,CcO,4

~_CHO 2 oqui) ~CHO Me
N= CI DMF, 100 °C N~ "0
Me 4h
16a 19 23

Scheme 3.8Synthesis oR-(p-tolyloxy) quinoline-3-carbaldehyd@3).
3.3.3. Reaction optimization:

We commenced our studies by testing the coupliragtren of (18a) with ethyl
acrylate 20a) under various conditions such as catalysts, siw$yeadditives and
oxidants as shown in Table 3.1. The reaction wasally performed in the
presence of a Pd-catalyst, Cu(OAdyifluoroacetic acid (TFA), in CECN at 60
°C for 12h under open air. The use of Pd@RIPd(dba), and Pd(PP).Cl, did
not afford good yield of Z1a) (entries 1-3, Table 3.1). Pleasingly, the yield of
(21a) was improved to 84% with the use of Pd(OA@&p the catalyst (entry 4,
Table 3.1). Next, we focused on the screening aflams, such as 16,0g and
CuCk in place of Cu(OAg) but the result was discouraging (entries 5 & ébl€
3.1) as CuClacted as an inhibitor. When the reaction was peréar without
using any oxidant some progress of reaction wasrked (perhaps that was
assisted by aerial oxygemut the yield of 21a) was low (entry 7, Table 3.1).
CH3CN was found to be the solvent of choice, whered®rosolvents such as
DMF, DCE (1,2-dichloroethane), EtOH and toluenenfshed R1a) in low to
moderate vyields (entries 8-12, Table 3.1) except-dlgxane. The role of
Pd(OAc) and TFA was confirmed by performing the reactiorabsence of them
individually when no or poor yield o2(a) was observed (entries 13 & 14, Table
3.1). Indeed, TFA was better compared to other tadd e.g. PivOH and
CH3COOH (entries 15 & 16, Table 3.1).
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Table 3. I Reaction conditions and optimizatidn.

N\ Cl Pd-cat
[:::I: ;I: CO,Et Oxidant
N“ONH [ — =

additive

N_ _Cl
LT
N NH | CO,Et

20a solvent
60 °C, 12h
18a OCH;, air y1q OCHS
Entry Catalyst Additive / Oxidan Solvent %Yiéld
1 Pd(PPh). TFA/Cu(OACc) CHsCN 26
2 Pd(dba) TFA/Cu(OAc) CHsCN 35
3 Pd(PPK).Cl, TFA/Cu(OAC) CH:CN 52
4 Pd(OAC) TFA/Cu(OAc) CHsCN 84
5 Pd(OAC) TFA/K,S,04 CHsCN 22
6 Pd(OAc) TFA/CuCh CHsCN 0
7 Pd(OAC) TFA /- CHCN 30
8 Pd(OAc) TFA/Cu(OAc) 1,4-Dioxane 82
9 Pd(OAc) TFA/Cu(OAc) DMF 10
10 Pd(OAC) TFA/Cu(OACc) DCE 48
11 Pd(OAc) TFA/Cu(OAc) EtOH 0
12 Pd(OAc) TFA/Cu(OAc) Toluene 72
13 TFA/Cu(OAc) CH:CN ¢
14 Pd(OAC) --- | Cu(OACc) CHsCN 28
15 Pd(OAc) PivOH/Cu(OAc) CHsCN trace
16 Pd(OAC) AcOH/Cu(OAc) CHsCN 19
17 Pd(OAC) TFA/Cu(OAc) CHsCN 48
18 Pd(OAc) TFA/Cu(OAC) CHsCN 80

®All the reactions are carried out usih8a(1 mmol), alken€0a (1.5 mmol), a Pd-catalyst (5

mol%), an oxidant (1.5 mmol) and an additive (hiol) in a solvent (2.5 mL) at 60 °C for

12h under open aiflsolated yield“No oxidant."No catalyst®No additive."Performed at 40

oC.9%Reaction time was 24 h.

We also investigated the effect of the reactionpgerature on the yield of the
reaction. When the reaction temperature was deedetis40 °C the product yield
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was decreased (entry 17, Table 3.1) whereas inerehsemperature (e.g. to 80
°C) resulted quick evaporation of TFA (bp 72.4 °Mpreover, a longer reaction
time was also found to be less effective (entryTdhle 3.1). Notably, the present
qguinoxaline directeartho C-H alkenylation proceeded well in the presence of
Ru(ll) catalyst (vide infra). However, requiremeot sealed tube in this case
prompted us to proceed with Pd(ll)-catalyzed methedentually, the optimized
reaction conditions were determined as (entry 41d8.1),18a (1 mmol), alkene
20a (1.5 mmol), Pd(OAg) (5 mol%), Cu(OAc) (1.5 mmol) and TFA (1.2 mmol)
in CHzCN (2.5 mL) at 60 °C for 12h under open air.

3.3.4. Scope of the reaction:

In order to explore the reaction scope, a numbe3-ofiloroN-aryl quinoxalin-2-
amines 18) with different substituents were tested and tsults were
summarized in Table 3.2. A range of substrates (@8p-g) carrying substituents
like Me, OMe, CI, F, and Br on thid-phenyl ring were employeable 3.2). The
other coupling partnef20a-c)i.e. Et, Me, ort-Bu ester of acrylic acid were also
tolerated well in this reaction. The reaction preded well in all these cases
affording the corresponding desired produZig-n)in good to acceptable yield.
The Pd-catalyzedrtho C-H alkenylation of phenol derivative@3a-c) was also

performed successfully when quinoline was foundbe& an effective directing
group.

Table 3. 2: synthesis of compound (2%)
X_ R @X R
C[NIY . COR? NT Y | CO.R®
R* H

20 R4
e
Pd(OAc),,
Cu(OAc),

R2 TFA, CH3CN R2
18 60°C, 12h 21
air

>\_/<
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. b
Entry Substratel®) Acrylate @0) Product £1) Y(';I)()j
@EN\ICI @ENICI o
N~ NH /\moa N~ NH [ okt
1 o) 84
20a
OCHs OCH,
18a 2l1a
@ENICI o
oMe N~ > NH [ ome
74
2 18a /\g/ 82
20b
OCHj
21b
@NICI 0
ot N7 NH [~ otBu
=
3 18a o} 67
20c
OCHs
21c
@ENICI @ENICI o
N > NH N~ >NH [ ot
4 20a 75
CH, CH,
18b 21d
©:N\:[C| 0
N~ NH [ ome
5 18b 20b 80
CH,
21e
@ENICI o
N~ > NH [~ ot
6 18b 20c 62
CHs
21f
Q:NICI @[N\:[CI 5
N~ NH N” >NH [ oEt
7 20a 77
Cl Cl
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18c 21g
8 18c 20b 71
Cl
21h
©:N\:[C|
N~ NH [ orsu
9 18c 20c 59
Cl
21i
©iN\ Cl ©:N\IC|
N7 > NH N~ NH [ oEt
10 20a 78
Br Br
18d 21
©:N\:[Cl
N~ >NH [~ ome
11 18d 20b 74
Br
21k
N__CI @[NICI
©: _ N~ NH OFt
N NH |
12 20a 79
I F
186 211
©:NICI
N” “NH i osu
14 18e 20c 74
F
21m
O:NIG ©:N\ Cl
15 g NH 20b g NH - — OMe 55
HaC” HaC”
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| | 18f | | 21n | |
®All the reactions are carried out using compour&d(1 mmol), alkene20 (1.5 mmol),
Pd(OAc) (5 mol%), Cu(OAc) (1.5 mmol) and TFA (1.2 mmol) in GBN (2.5 mL) at 60

°C, under air’lsolated yield.

To test the effectiveness of quinoxaline moiety dod¢ Ru(ll)-catalyzedo-
alkenylation we performed a ruthenium catalyzeddakive coupling of 3-chloro-
N-aryl quinoxalin-2-aminesl@), with alkenes Z0a-c)in the presence of catalytic
amounts of AgShfand Cu(OAc) under a reported conditidwhen the desired
alkene derivatives2(la-e)was obtained almost in the same yields (Schemyea3.9
observed in case of Pd-catalyzed reaction. Notabtg Ru(ll)-catalyzedo-
alkenylation of 3-chlordN-aryl quinoxalin-2-amines1@) was carried out in a
sealed tube as the reaction did not proceed weknwperformed in an open

reaction vessel.

N Cl
N\IC' [(RuCly(p-cymene)};] @[ \I
P (4 mol%) N” > NH | gg)z

CO,R?

N™ NH - l( AgSbFg (20 mol%)
H
Cu(OAc), (30 mol%)
0,
I 20a.c  DCE 100°C, 12h R2
18a-b 21a-e

R2 = OMe, R® = Me (21a; 82%), Et (21b; 81%), t-Bu (21¢; 68%)
R2 = Me, R® = Et (21d; 73%), Me (21¢e; 80%)

Scheme 3.9Ru-catalyzed direartho C-H alkenylation of 18a-b).

To demonstrate the synthetic utility of this methtlde Pd-catalyzedrtho C-H
alkenylation of a phenol derivative 2-(p-tolyloxyjgoline-3-carbaldehyde28a)
was carried out by coupling with the alke204-c)under the condition of entry 4
of Table 3.1. The reaction proceeded smoothly fordfthe alkenyl substituted
analogs 24a-c) in moderate to good yields. It was observed thahajine was
acting as directing group for alkenylation in theseses. While alkenylation of
phenol derivatives are known in the literatlirthe use of quinoline moiety as a
directing group for this purpose has not been enguloearlier. Thus the present

strategy ofortho C-H alkenylation of phenol is of further interest.
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Pd(OAc 3
CO,R3 (OAC), N o | CO,R

Cu(OAc),
P 2O
TFA, CHACN
20ac gh0c 12
23a Me air Me

24a, R® = Et, (68%)
24b, R® = Me (72%)
24c, R®=t-Bu (61%)

Scheme 3.10Pd-catalyzedrtho C-H alkenylation of a phenol derivative3a).
3.3.5. Proposed mechanism:

According to the proposed mechanism (Scheme 3thg)reaction appeared to
proceed via (i) in situ generation of highly electrophilic Pd(ll) cationspecies
E-1in TFA, (ii) stabilization ofE-1 by the quinoxaline / quinoline nitrogen aided
by the C-2 arylamine / aryloxy moietyi& +M effect) inE-2, (iii) generation of
E-3 via o-bond formation between the “Pd” center and thexpnate ortho C-aryl
following a C(aryl)-H activation, (iv) alkene cooandtion with E-3 to give E-4,
(v) syn additionvia a 1,2-migratory insertion to afford-5, that undergoes (vjj-
hydride elimination to give1) and the PUspecies, and (vii) finally, oxidation of
PP to Pd' by Cu(OAc) to complete the catalytic cycle. The Cu(OAd}
regenerated from the reduced copper spa@e€uOAc by the aerial oxygen.

Pd(OAc), *PdO,CCF;

HZz ¢ —AcOH)//_;a E-1 \f @[XIR1

CuoAc %2 7— pd
+ HOAc idati

@? (air) DT Hz oxidation ( 7= OCOCF3
Cu(OAC); pg°

21+ iz B-hydride r2 E-2
elimination 1 C H activation
R syn R alkene
X " _ Y. coordlnatlon

= addition X)wy/

N

54l

R3020
R%0,c E-5

Scheme 3.11Proposed reaction mechanism.

3.3.6. The intramolecular C—H cycloamination of (2L

We began our study by examining the intramolec@aH cycloamination of41)
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by using a hypervalent iodine(lll) reag&hsuch as PIDA [phenyliodine diacetate
or PhI(OAc}] as oxidant at room temperature in acetonitrile sdvent.
Delightfully, the desired productse. alkenyl substituted benzo[4,5]imidazo[1,2-
aJquinoxalines 22) was obtained in good to excellent yielidsa much shorter
reaction time. The substituents like CI, F, Br aaldlenyl ester remained intact
during this mild and selective oxidative cyclizatio All the synthesized
compounds.e. (22a-d) were characterized by spectral data. The NOE exjgeirt
performed using 42c) indicated close promiximity of C(1)-H with C(11)-Hs
they interacted with each other (shown in Figur¢ &lso see in Appendix). The
presence of alkenyl moiety with-geometry in compound@) was confirmed by
the appearance of a pair of doublets in the re§®8-8.1 and7.5-7.3 with] = 16
Hz.

Y

Br H H

b

OEt
22¢

Fig. 3.4: NOE correlation of C(1)-H with C(11)-H aromaticopon.

Table 3.3:Synthesis of compoun@2)*

X_ _R!
P2 CO,R®
NTEY 27 CH4CN @[ I\

R4 —_ . N™ SN
room temp / CO,R?
30 min
RZ 29 air R2
(RE=H 22
X=N
Y = NH)
1P
Entry Substrat¢21) Product(22) Y(,;:;j
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@ENICI ot NGl
N” >NH o @ENI\N
OEt
1 y 90
(0]
E F
211 22a
N Cl N Cl
B o) @[ \
(L, X A
2 Yy 85
(o]
F
2£m 22b
@[NICI OFt @EN\ cl
N"NH 0 Ny on
3 Yy 91
(e}
Br Br
21 22¢c
N"TNH 0 NSy o
4 / 82
(@]
Cl Cl
219 22d

®All the reactions are carried out using compogadl mmol), PIDA (1.5 mmol) in CEKCN
(2.5 mL) at room temparature in 30 min, undersolated yield.

3.3.7. Proposed mechanism for the synthesis of (ZB)m (21):

The plausible mechanism for conversion 2f)(to (22) is depicted in scheme 4.11.
The reaction seemed to involve an initial activatad the aniline nitrogen oR() by
PIDA that facilitated a nucleophilic attack by tpeoximate quinoxaline nitrogen
atom on the aniline ring d¥-1 affording the cyclic intermediateé-2 (Scheme 3.12).

Deprotonation followed by aromatization {2 afforded product3?).
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CO,R3
o] CIPh ~
HoON (I/OAC CO,R3
N=5-N EPhI (OAC),
N
@ H HOAc
2
21 Fq R

F Phl & AcO”
cl CO,R® N_C!
N e ~ a NJ -~ COR
2 AcO HS@\/
22
F-2 e

Scheme 3.12Proposed reaction mechanifon theformation of 2) via intramolecular C-H

cycloamination of 21) under open air.
3.4. Pharmacology:

3.4.1.In vitro data:

Owing to the reported PDE4 (phosphodiesterase4ypehibitory activities of related
imidazo[1,2a]quinoxalines®® All the synthesized compound&2@-d) were evaluated
for their PDE4 inhibitory propertieis vitro®® at 30 uM. Notably, inhibitors of PDE4
are known to be generally useful for the treatnmanthronic obstructive pulmonary
diseasgCOPD) and asthm#.All these compounds showed promising inhibition of

PDE4B and among which, compour2d) showed maximum inhibitione., 79%.

Table 3.4 Invitro data of compounds 022) for inhibition of PDE4B enzyme.

% of PDE4B inhibition

Entry Compound No
@ 30 uM
C[N\:[Cl
NN Ot
1 W 69.77+9.69 %
F
22a
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CLT

2 W 42.15+1.23 %

F

22b
@[NICI
NN Ot
3 @f{o 60.66+3.93 %

Br
22c

OEt
4 W 79.50+1.12 %

22d

A dose response study was carried out usifglY as a representative compound,
which showed dose depended inhibition of PDE4B wi®sy ~ 2.3 puM
(comparable to rolipram’s Kg ~ 1.0 uM) (Figure 3.5) indicating potential

medicinal value of this class of heterocycles.

ICsp: 2.291uM
100+

80 1
60 1

404

% PDE4B Inhibition

201

n T T L L] L] 1

0.001 0.01 0.1 1 10 100 1000
22d

Concentration(ul)

Fig. 3.5: Dose dependent inhibition of PDE4B by compoy@2id).
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3.5. Conclusion:

In this study, we demonstrated a Pd (or Ru)-catdyxrtho C-H alkenylation and
subsequent hypervalent iodine(lll)-promoted intréawalar ortho C-H
cycloamination for accessing new chemical entibased on alkenyl substituted
benzo[4,5]imidazo[1,&]quinoxalines. Both the steps were performed urapeEm
air and mild conditions. In this strategy we id&atl quinoxaline group as a new
directing group for the Pd (or Ru)-catalyzettho C-H alkenylation of aniline
derivatives. Some of these synthesized compo(@z-d) were tested for PDE4B
along with a known inhibitor rolipram using an enmy basedn vitro assay, the
representative compoun@4d) showed dose dependent inhibition of PDE4B with
ICs0 ~ 2.3 UM (comparable to rolipram’s 4&~ 1.0 uM) (Fig 4.4). Since COPD
and asthma are major health burden worldwide hethee present class of
compounds is of further interest. The Pd-catalypetho C-H alkenylation of
phenol derivatives was also performed successiMign quinoline was found to
be an effective directing group. Overall, our effoon exploration of new C-H
activation strategies for Med Chem purpose wouldtbRirther interest.

3.6. Experimental section:

3.6.1. Chemistry

General methods: Unless stated otherwise, reactions were performedemu
nitrogen atmosphere using oven dried glasswarectRes were monitored by
thin layer chromatography (TLC) on silica gel pai{®0 F254), visualizing with
ultraviolet light or iodine spray. Flash chromataghy was performed on silica gel
(230-400 mesh) using distilled hexane, ethyl aeet4i NMR and *C NMR
spectra were recodred in CRQGIr DMSO+s solution by using 400 or 100 MHz
spectrometers, respectively. Proton chemical shift§ are relative to
tetramethylsilane (TMS) = 0.00) as internal standard and expressed in [Qmmn
multiplicities are given as s (singlet), d (doubledd (doublet of doublet), td
(triplet of doublet), t (triplet) and m (multiplets well as b (broad). Coupling
constantsJ) are given in hertz. MS spectra were obtained Agiéent 6430 series
Triple Quard LC-MS / MS spectrometer. Melting pisinimp) were by using
Buchi B-540 melting point apparatus and are unateed Chromatographic purity

159



Synthesis of benzo[4,5imidazo[1,2-a]quinoxalines ...

by HPLC (Agilent 1200 series Chem Station softwamas determined by using
area normalization method and the condition spedifin each case: column,

mobile phase (range used), flow rate, detectionelength, and retention times.

3.6.1.1. General Procedure for the preparation of -8hloro-N-aryl substituted

quinoxalin-2-amine (18a-g)

NH
N _CI R4 AICl3
OIS TP Q
N">Cl DCE, 80°C
R? 10-12h
15 |R2=H, OMe, CHa, F, Cl, Br] 18a-g
R*=H, OMe

A mixture of 2,3-dichloroquinoxalinel@) (1.0 mmol), an appropriate amin&5)
(1.0 mmol) and AIG (1.25 mmol) in 1,2-dichloroethane (5mL) was stir@d30
°C for 10-12 h under a nitrogen atmosphere. Afmnpletion of the reaction, the
mixture was cooled to room temperature, poured iogcold water (15 mL),
stirred for 10 min and then extracted with ethytate (3 x 10 mL). The combined
organic layers were washed with cold water (2 xnil0), brine (4mL) and dried
over anhydrous N&O, and concentrated under vacuum. The residue obtavasd
purified by column chromatography on silica gel @80 mesh) using

ethylacetate/hexane to give the desired prodLg&a{g)

3.6.1.2. Typical procedure for the preparation of Zp-tolyloxy)quinoline-3-
carbaldehyde (23a)

OH KyCOs
_ +
N™ ClI DMF, 100 °C
Me 4h
16a 19 23a

A100 mL round bottomed flask, fitted with a reflux denser, was charged with a
mixture of 2-chloro-3-formylquinoline16a) (1 mmol), phenol 19) (1 mmol),
anhydrous potassium carbonate (2 mmol) and dimdthryhamide (5 mL). The
mixture was heated at 10%C for 4h and the progress of the reaction was
monitored by TLC. After the completion of reactiaiie reaction mixture was

cooled to room temperature and then poured intdlechiwater (50 mL) with
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continuous stirring followed by neutralization with.5N HCI until pH ~ 7
resulted. The solid mass separated was collectefiltbgtion, washed well with

water, dried and crystallized from ethylacetatgitee compoundZ3a).

3.6.1.3. Typical procedure for the preparation of [E)-ethyl 3-(2-((3-

chloroquinoxalin-2-yl)amino)-5-methoxyphenyl)acrylae (21a)

X_ _Cl X_ _Cl
X Crxr 8
OEt
NONH * 2 Pd(OAC),, Cu(OAC), N” > NH (Ot
o)
H

TFA, MeCN
60 °C, 12h

OCHg3 OCHs;
18a 21a

20a

A mixture of 3-chloroN-(4-methoxyphenyl)quinoxalin-2-amind&a) (0.350 mmol),
ethyl acrylate20a (0.526 mmol), Pd(OAc) (5 mol%), Cu(OAc) (0.526 mmol), TFA
(0.42 mmol) in CHCN (2.5 mL) was heated at 60 °C in air for 12h. Phegress of
the reaction was monitored by TLC. After completadrthe reaction, the mixture was
cooled to RT, diluted with ethyl acetate (15 mL)dapassedhrough celite. The
resulting solution was washed with water (3 x 15)rdllowed by brine solution (25
mL), dried over anhydrous MNaQ,, filtered and concentrated under reduced pressure.
The residue was purified by column chromatograpsing ethyl acetate—hexane to
give desired compoun@{a)

OCH,

Yield: 84%: Light yellow; mp: 117-179 °C; R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}) &: 7.89 (d,J = 7.6 Hz, 1H), 7.86-7.84 (m, 2H), 7.69-7.67
(m, 1H), 7.60-7.56 (m, 1H), 7.48-7.44 (m, 1H), 7(851H), 7.15 (dJ = 2.8 Hz, 1H),
7.05 (dd,J = 8.8, 2.8 Hz, 1H), 6.46 (dl = 16.0 Hz, 1H), 4.23 () = 7.2 Hz, 2H),
3.88 (s, 3H), 1.29 () = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.4, 157.3,
146.0, 140.4, 139.4, 137.6, 137.3, 130.2, 130.@.8,2127.8, 126.5 (2C), 126.0,
120.9, 116.8, 111.5, 60.6, 55.5, 14.1; MS (ES m&&}.1 (M+1);HPLC: 98.8%,
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Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/50, 2/95, 8/95, 10/20, 12/80w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2601m, retention time 3.8 min.

3.6.1.4. E)-Ethyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-
methoxyphenyl)acrylate (21b)

N.__ClI
AN
CLX
N~ "NH 0]
AN

(0]

~

OCHs

Compound 21b) was synthesized froni8a) following a procedure similar to that of

compound 21a)

Yield: 82%; Light yellow; mp: 156-158 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCJ) 8: 7.90-7.84 (m, 3H), 7.69-7.67 (m, 1H), 7.61-7.56 (),
7.49-7.45 (m, 1H), 7.23 (s, 1H), 7.16 (b= 3.2 Hz, 1H), 7.06 (dd] = 8.8, 2.8 Hz,
1H), 6.47 (d,J = 16.0 Hz, 1H), 3.89 (s, 3H), 3.78 (s, 3HJC NMR (100 MHz,
CDCl): 166.8, 157.3, 146.1, 140.5, 139.7, 137.6, 13¥3®.2, 129.8, 127.8, 126.6,
126.5, 126.1, 120.5, 116.8, 111.6, 109.9, 55.57;59US (ES mass): 370.0 (M+1);
HPLC: 98.3%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 3/20, 8/40, 15/95, 20/95,
25/20, 30/20; flow rate: 1.0 mL/min; Diluent: ACM/ATER (90:10); UV 255.0 nm,

retention time 3.6 min.

3.6.1.5. E)-tert-butyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-
methoxyphenyl)acrylate (21c)

OCHj
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Compound 21c)was synthesized froni8a) following a procedure similar to that of

compound 21a)

Yield: 67%; Light yellow; mp: 115-117 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}) &: 7.89 (d,J = 8.8 Hz, 1H), 7.86-7.84 (m, 1H), 7.78 (t=
16.0 Hz, 1H), 7.69-7.67 (m, 1H), 7.60-7.56 (m, 1H}8-7.44 (m, 1H), 7.27 (s, 1H),
7.15 (d,J = 2.8 Hz, 1H), 7.04 (dd) = 8.8, 2.8 Hz, 1H), 6.38 (dl = 16.0 Hz, 1H),
3.88 (s, 3H), 1.48 (s, 9H}*C NMR (100 MHz, CDGJ): 165.6, 157.2, 146.0, 140.5,
138.2, 137.6, 137.2, 130.2, 130.0, 129.7, 127.8,5,2126.3, 126.0, 122.8, 116.6,
111.4, 80.7, 55.5, 28.0; MS (ES mass): 412.1 (MHPLC: 98.7%, Column:
Symmetry C-18 75 * 4.6 mm, 1B, mobile phase A: 0.1 % TFA in water, mobile
phase B: CBCN (T/%B): 0/20, 0.5/50, 2/95, 8/95, 10/20, 12/2@w rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 260.0 nmetention time 4.1 min.

3.6.1.6. E)-Ethyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-metylphenyl)acrylate
(21d)

CH3;

Compound 21d) was synthesized fromi8b) following a procedure similar to that of

compound 21a)

Yield: 75%; Light yellow; mp: 129-131 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC})) &: 8.01 (d,J = 8.4 Hz, 1H), 7.93 (dJ = 16.0 Hz, 1H),7.84
(d,J= 8.4 Hz, 1H), 7.73 (d) = 8.0 Hz, 1H), 7.62 (1) = 7.6 Hz, 1H), 7.51-7.46 (m,
2H), 7.41 (s, 1H), 7.31 (d,= 8.4 Hz, 1H), 6.48 (dJ = 16.0 Hz, 1H), 4.25 (q]1 = 7.2
Hz, 2H), 2.42 (s, 3H), 1.31 {,= 7.2 Hz, 3H):"*C NMR (100 MHz, CDCJ): 166.5,
145.6, 140.4, 139.4 (2C), 137.7, 137.3, 135.1, 2,3431.5, 130.3, 128.0, 127.8,
126.6, 126.2, 124.0, 120.8, 60.5, 21.0, 14.2; MS (&ass): 368.1 (M+1}PLC:
95.0%, Column: Symmetry C-18 75 * 4.6 mm, 81 mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/10, 2/10, 10/95, 20/95, 22/10, 256w
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rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); U%60.0 nm, retention time 4.0
min.

3.6.1.7. E)-Methyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-
methylphenyl)acrylate (21e)

CHg

Compound 21e)was synthesized froni8b) following a procedure similar to that of
compound 21a)

Yield: 80%; Light yellow; mp: 168-170 °C;{R 0.2 (10% EtOAch-hexane);:*H
NMR (400 MHz, CDCY) &: 7.98 (d,J = 8.0 Hz, 1H), 7.92 (d) = 16.0 Hz, 1H),7.87-
7.85 (m, 1H), 7.72-7.70 (m, 1H), 7.62-7.58 (m, 1HK0-7.44 (m, 2H), 7.37 (s, 1H),
7.31-7.29 (m, 1H), 6.48 (dl = 16.0 Hz, 1H), 3.79 (s, 3H), 2.41 (s, 3HJC NMR
(100 MHz, CDCY¥): 166.9, 145.6, 140.3, 139.7, 137.7, 137.3, 13534.2, 131.5,
130.3, 128.0, 127.8 (2C), 126.5, 126.2, 124.0,2,21.7, 20.9; MS (ES mass): 354.1
(M+1); HPLC: 99.9%, Column: Symmetry C-18 75 * 4rfin, 3.5um, mobile phase
A: 0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
10.5/95, 12/20; flow rate: 1.0 mL/min; Diluent: ACMVATER (90:10); UV 230.0

nm, retention time 3.7 min.

3.6.1.8. E)-tert-butyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-
methylphenyl)acrylate (21f)

CHj
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Compound 21f) was synthesized froni8b) following a procedure similar to that of

compound 21a)

Yield: 62%; Light yellow; mp: 112-114 °C; R 0.2 (10% EtOAch-hexane):*H
NMR (400 MHz, CDC}) &: 8.02 (d,J = 8.0 Hz, 1H), 7.87-7.84 (m, 1H), 7.80 (b=
16.0 Hz, 1H), 7.73-7.71 (m, 1H), 7.64-7.58 (m, 1H}9-7.44 (m, 2H), 7.42 (s, 1H),
7.29-7.27 (m, 1H), 6.39 (d, = 16.0 Hz, 1H), 2.39 (s, 3H), 1.49 (s, 9HJC NMR
(100 MHz, CDC}): 165.7, 145.6, 140.4, 138.2, 137.2, 134.9, 13431,.2, 130.2,
127.8 (2C), 127.7, 126.5, 126.1, 123.7, 122.6,0,280.6, 28.0, 20.9; MS (ES mass):
396.1 (M+1); HPLC: 98.3%, Column: Symmetry C-18*75.6 mm, 3..um, mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
8/95, 10/20, 12/20; flow rate: 1.0 mL/min; DiluelARCN: WATER (90:10); UV
265.0 nm, retention time 3.1 min.

3.6.1.9. E)-Ethyl 3-(5-chloro-2-((3-chloroquinoxalin-2-yl)amino)phenyl)acrylate
(219)

N.__CI
©: \ji L
~
N~ "NH | O

Cl

Compound 21g) was synthesized fromi8c) following a procedure similar to that of

compound 21a)

Yield: 77%; Light yellow; mp: 207-209 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCY) &: 8.24 (d,J = 8.4 Hz, 1H), 7.89-7.83 (m, 2H), 7.76-7.74
(m, 1H), 7.66-7.62 (m, 1H), 7.59 (d,= 2.4 Hz, 1H), 7.54-7.50 (m, 1H), 7.46-7.43
(m, 2H), 6.48 (d,) = 16.0 Hz, 1H), 4.26 (q] = 7.2 Hz, 2H), 1.31 (t) = 7.2 Hz, 3H);
3C NMR (100 MHz, CDG): 166.0, 145.0, 140.0, 137.8, 137.6, 137.4, 1353D,5,
130.4, 130.3, 128.9, 127.9, 127.3, 126.7, 126.8.612122.5, 60.8, 14.1; MS (ES
mass): 388.1 (M+1); HPLC: 95.5%, Column: Symmetre&75 * 4.6 mm, 3.om,
mobile phase A: 0.1 % TFA in water, mobile phaseCBECN (T/%B): 0/10, 2/10,
10/95, 20/95, 22/10, 25/10; flow rate: 1.0 mL/midjuent: ACN: WATER (90:10);

UV 260.0 nm, retention time 4.2 min.

165



Synthesis of benzo[4,5imidazo[1,2-a]quinoxalines ...

3.6.1.10. E)-Methyl 3-(5-chloro-2-((3-chloroquinoxalin-2-
yl)amino)phenyl)acrylate (21h)

N.__CI
N
CLX
N™ "NH 0]

©/\/\ko/

Cl

Compound 21h) was synthesized froni8c) following a procedure similar to that of

compound 21a)

Yield: 71%; Light yellow; mp: 201-203 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}) &: 8.22 (d,J = 8.8 Hz, 1H), 7.89-7.83 (m, 2H), 7.75-7.73
(m, 1H), 7.65-7.61 (m, 1H), 7.58 (d,= 2.4 Hz, 1H), 7.53-7.49 (m, 1H), 7.46-7.43
(m, 2H), 6.48 (dJ = 16.0 Hz, 1H), 1.56 (s, 3H}*C NMR (100 MHz, CDGJ): 166.4,
145.0, 140.0, 138.1, 137.6, 137.5, 135.2, 130.9,413130.3, 128.9, 127.9, 127.3,
126.7, 126.5, 124.7, 122.0, 51.9; MS (ES mass).B{¥I+1); HPLC: 97.8%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/80w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2601m, retention time 3.9 min.

3.6.1.11. E)-tert-butyl 3-(5-chloro-2-((3-chloroquinoxalin-2-
yl)amino)phenyl)acrylate (21i)

N.__ClI
AN
CLX
N™ "NH 0]

@A\Aok

Cl

Compound 21i) was synthesized froni8c) following a procedure similar to that of
compound 21a)

Yield: 59%: Light yellow; mp: 147-149 °C;{R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCY) 6: 8.28 (d,J = 8.8Hz, 1H), 7.90 (dJ = 8.0 Hz, 1H), 7.79-
7.76 (m, 2H), 7.67 (t) = 7.2 Hz, 1H), 7.60 (s, 1H), 7.55-7.44 (m, 3H), 6(d3J =
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16.0 Hz, 1H), 1.52 (m, 9H}?*C NMR (100 MHz, CDGJ): 165.2, 145.0, 140.1, 137.6,
137.5, 136.6, 135.1, 130.5, 130.2 (2C), 128.9,92127.2, 126.6 (2C), 124.5, 124.4,
81.1, 28.1; MS (ES mass): 416.1 (M+HPLC: 98.2%, Column: Symmetry C-18 75
* 4.6 mm, 3.;um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN
(T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20wflaate: 1.0 mL/min; Diluent: ACN:
WATER (90:10); UV 260.0 nm, retention time 4.7 min

3.6.1.12. E)-Ethyl 3-(5-bromo-2-((3-chloroquinoxalin-2-
yl)amino)phenyl)acrylate (21))

N.__ClI
AN
X
N™~ "NH 0]

S

Br

Compound 21j) was synthesized froni8d) following a procedure similar to that of

compound 21a)

Yield: 78%; Light yellow; mp: 129-131 °C; R 0.2 (10% EtOAch-hexane):*H
NMR (400 MHz, CDCY) &: 8.21 (d,J = 8.8 Hz, 1H), 7.89-7.82 (m, 2H), 7.76-7.72
(m, 2H), 7.64 (tJ = 8.0 Hz, 1H), 7.59-7.57 (m, 1H), 7.54-7.49 (m, 1AH}6 (s, 1H),
6.48 (d,J = 16.0 Hz, 1H), 4.26 (o) = 7.2 Hz, 2H), 1.31 (&) = 7.2 Hz, 3H);*°C
NMR (100 MHz, CDCJ): 166.0, 144.9, 140.0, 137.7, 137.6, 137.5, 13533.3,
130.6, 130.3, 129.1, 127.9, 126.7, 126.6, 124.@.612117.8, 60.8, 14.2/S (ES
mass): 434.0 (M+3)HPLC: 95.9%, Column: Symmetry C-18 75 * 4.6 mm, B
mobile phase A: 0.1 % TFA in water, mobile phaseCB5CN (T/%B): 0/10, 2/10,
10/95, 20/95, 22/10, 25/10; flow rate: 1.0 mL/midjuent: ACN: WATER (90:10);

UV 220.0 nm, retention time 4.7 min.

3.6.1.13. E)-Methyl 3-(5-bromo-2-((3-chloroquinoxalin-2-
yl)amino)phenyl)acrylate (21k)
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N.__CI
N
CLX
N™ "NH 0]

©/\/u\o/

Br

Compound 21k) was synthesized fromi8d) following a procedure similar to that of

compound 21a)

Yield: 74%; Light yellow; mp: 125-127 °C; (R 0.2 (10% EtOAch-hexane):*H
NMR (400 MHz, CDCY) &: 8.19 (d,J = 8.8 Hz, 1H), 7.89-7.83 (m, 2H), 7.76-7.72
(m, 2H), 7.66-7.62 (m, 1H), 7.60-7.59 (m, 1H), #A80 (m, 1H), 7.45 (s, 1H), 6.48
(d,J = 16.0 Hz, 1H), 3.81 (s, 3H}’C NMR (100 MHz, CDGJ): 166.4, 144.9, 140.0,
138.0, 137.6, 137.4, 135.7, 133.3, 130.5, 130.9,112127.9, 126.7, 126.6, 124.7,
122.1, 117.8, 51.9; MS (ES mass): 420.0 (M+3); HPR&.6%, Column: Symmetry
C-18 75 * 4.6 mm, 34an, mobile phase A: 0.1 % TFA in water, mobile ph8se
CH;CN (T/%B): 0/10, 2/10, 10/95, 20/95, 22/10, 25/f@w rate: 1.0 mL/min;
Diluent: ACN: WATER (90:10); UV 260.0 nm, retentitdime 4.0 min.

3.6.1.14. E)-Ethyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-fluorophenyl)acrylate
(211

Compound 211) was synthesized froni8e)following a procedure similar to that of

compound 21a)

Yield: 79%; Light yellow; mp: 177-179 °C; (R 0.2 (10% EtOAch-hexane):*H
NMR (400 MHz, CDCY}) 6: 8.06 (dd,J = 8.8, 5.2 Hz, 1H), 7.88-7.83 (m, 2H), 7.72-
7.69 (m, 1H), 7.63-7.59 (m, 1H), 7.52-7.48 (m, 1HB5=7.32 (m, 2H), 7.22-7.17 (m,
1H), 6.46 (dJ = 16.0 Hz, 1H), 4.25 (q] = 7.2 Hz, 2H), 1.30 (&) = 7.2 Hz, 3H);**C
NMR (100 MHz, CDC4): 166.0, 161.1 (C-B = 244.5Hz), 158.7, 145.5, 140.2, 138.1,
137.5 (C-FJ = 7.8 Hz), 137.4, 132.7 (2C), 130.4, 130.2 (Q-E 7.9 Hz),, 130.1,
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127.8, 126.5 (C-B = 7.4 Hz), 126.4, 126.3, 126.2 , 122.1, 117.6 (C+22.7 Hz),
117.4, 113.7 (C-R = 23.2 Hz), 113.5, 60.7, 14.1; MS (ES mass): 3{®161);
HPLC: 99.7%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAIN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 260.0 nm,

retention time 3.8 min.

3.6.1.15. E)-tert-butyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-5-
fluorophenyl)acrylate (21m)

Compound 21m) was synthesized froni8e)following a procedure similar to that of

compound 21a)

Yield: 74%; Light yellow; mp: 167-169 °C;{R= 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC})) ¢: 8.08 (dd,J = 8.8, 5.2 Hz, 1H), 7.88-7.85 (m, 1H), 7.76
(d,J = 15.6 Hz, 1H), 7.72-7.70 (m, 1H), 7.63-7.59 (m, 1HB1-7.47 (m, 1H), 7.36
(s, 1H), 7.32 (ddJ = 9.2, 2.9 Hz, 1H), 7.22-7.14 (m, 1H), 6.38 Jd&; 15.6 Hz, 1H),
1.49 (s, 9H);*C NMR (100 MHz, CDGJ): 165.2, 161.1 (C-B = 244.1Hz), 158.6,
148.8, 145.5, 140.2, 137.5, 137.4, 137.0, 132.80,4, 130.2, 127.8, 126.5, 126.3,
126.2 (C-FJ = 8.4 Hz), 126.1, 124.0, 117.4 (CIE 22.5 Hz), 117.1, 113.6 (CF=
23.3 Hz), 113.4, 109.9, 80.9, 28.0; MS (ES mas6p.2 (M+1); HPLC: 99.7%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/80w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2201@m, retention time 3.0 min.

3.6.1.16. E)-Methyl 3-(2-((3-chloroquinoxalin-2-yl)amino)-3-
methoxyphenyl)acrylate (21n)

169



Synthesis of benzo[4,5imidazo[1,2-a]quinoxalines ...

Compound 21n) was synthesized froni8f) following a procedure similar to that of

compound 21a)

Yield: 55%; Pale yellow; mp: 124-126 °C; ; R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCY) 6: 7.85-7.83 (m, 1H), 7.72 (d,= 16.0 Hz, 1H), 7.56-7.49
(m, 2H), 7.45-7.41 (m, 1H), 7.36-7.30 (m, 2H), 7(851H), 7.02-7.00 (m, 1H), 6.44
(d,J = 16.0 Hz, 1H), 3.85 (s, 3H), 3.63 (s, 3H)C NMR (100 MHz, CDGJ): 166.4,
157.3, 146.0, 140.4, 139.4, 137.6, 137.3, 130.1.013129.8, 127.8, 126.5 (2C),
126.0, 120.9, 116.8, 111.5, 60.6, 55.5; MS (ES ma&¥.1 (M+1); HPLC: 99.9%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/80w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2201@m, retention time 4.8 min.

3.6.1.17. [E)-Ethyl 3-(2-((3-formylquinolin-2-yl)oxy)-5-methylp henyl)acrylate
(24a)

CHs

Compound 24a) was synthesized fron28a) following a procedure similar to that of

compound 21a)

Yield:68%:; pink; mp: 160-162 °C; (R 0.2 (10% EtOAch-hexane)*H NMR (400
MHz, CDCk) &: 10.71 (s, 1H), 8.78 (s, 1H), 7.92 (& 8.0 Hz, 1H),7.87 (dJ = 16.0
Hz, 1H) 7.71-7.70 (m, 2H), 7.55 (s, 1H), 7.50-7(#6 1H), 7.30 (s, 1H), 7.18 (d~=
8.4 Hz, 1H), 6.48 (dJ = 16.0 Hz, 1H), 4.23-4.15 (m, 2H), 2.45 (s, 3H), 1(R0 =
7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ): 188.5, 166.7, 160.4, 149.6, 148.5, 140.8,
138.5, 135.2, 132.7, 131.8, 129.6, 128.0, 127.8,202125.8, 125.2, 122.9, 120.0,
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119.7, 60.4, 20.9, 14.2; MS (ES mass): 362.1 (MHPLC: 98.1%, Column:
Symmetry C-18 75 * 4.6 mm, 1B, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2dw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nmetention time 4.9 min.

3.6.1.18. E)-Methyl 3-(2-((3-formylquinolin-2-yl)oxy)-5-methylphenyl)acrylate
(24b)

CHs

Compound 24b) was synthesized fron28a) following a procedure similar to that of
compound 21a)

Yield:72%; white; mp: 136-138 °C::R 0.2 (10% EtOAch-hexane)H NMR (400
MHz, CDCk) é: 10.71 (s, 1H), 8.79 (s, 1H), 7.93 @z 8.0 Hz, 1H), 7.86 (dJ =
16.0 Hz, 1H), 7.71 (d] = 4.4 Hz, 2H), 7.56 (s, 1H), 7.50-7.46 (m, 1H), 7(811H),
7.17 (d,J = 8.4 Hz, 1H), 6.49 (dJ = 16.0 Hz, 1H), 3.73 (s, 3H), 2.46 (s, 3K
NMR (100 MHz, CDCJ): 188.5, 167.1, 160.4, 149.6, 148.5, 140.8, 13835%.3,
132.7, 131.9, 129.6, 128.1, 127.8, 127.2, 125.8,21222.9, 120.0, 119.3, 51.6, 20.9;
MS (ES mass): 348.1 (M+1); HPLC: 96.1%, Column: 8try C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B): 0/20,
0.5/20, 2/95, 8/95, 10/20, 12/20; flow rate: 1.0 /min; Diluent: ACN: WATER
(90:10); UV 260.0 nm, retention time 3.8 min.

3.6.1.19. E)-tert-butyl 3-(2-((3-formylquinolin-2-yl)oxy)-5-
methylphenyl)acrylateacrylate (24c)
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Compound 24c) was synthesized fron28a) following a procedure similar to that of

compound 21a)

Yield: 61%; Pink; mp: 126-127 °C;;R 0.2 (10% EtOAch-hexane)H NMR (400
MHz, CDCk) &: 10.70 (s, 1H), 8.77 (s, 1H), 7.91 @z= 8.0 Hz, 1H), 7.76 (dJ =
16.0 Hz, 1H), 7.70 (d] = 4.6 Hz, 2H), 7.55 (s, 1H), 7.49-7.45 (m, 1H), 7(881H),
7.17 (d,J = 8.4 Hz, 1H), 6.40 (d) = 16.0 Hz, 1H), 2.44 (s, 3H), 1.44 (s, 9H¥C
NMR (100 MHz, CDCJ): 188.5, 165.9, 160.4, 149.5, 148.5, 140.7, 131358.1,
132.6, 131.6, 129.9, 129.5, 127.8, 127.3, 125.3,11222.9, 121.4, 119.9, 80.4, 28.0,
20.9; MS (ES mass): 388.0 (M-1); HPLC: 97.6%, Catur@ymmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow radt€& mL/min; Diluent: ACN: WATER
(90:10); UV 260.0 nm, retention time 4.2 min.

3.6.1.20. General procedure for the Ru-catalyzed wict ortho C-H alkenylation
of (18a-b)

2 -
N cl R< = OMe

@EN\IC' {RUCh(p-cymene)),) E:[ T T Me ez
0 Z 2 = Et (21b; 81%
N”NH coRe (4 mol) N ( .
H

o AgSbFg (20 mol%) =t-Bu (21c; 68%)
<> Cu(OACc), (30 mol%) R2 = Me
0 3_ .
18ab 1, 20a-c DCE, 100°C, 12 h 21ae R2 R3 = Et (21d; 73%)
R = Me (21e; 80%)

To a mixture of [{RuCj(p-cymene)}] (0.04 mmol, 4 mol %), AgShf(0.20
mmol, 20 mol %), Cu(OAeg) (0.30 mmol, 30 mol %) and 3-chloid-aryl
guinoxalin-2-amine X8-b) (1.0 equiv), taken in a sealed tube (fitted with a
septum) was added acrylatzg0@-c) (L.5 equiv) and then dichloroethane (3.0 mL)
via a syringe under nitrogen. The mixture was a#dwo stir for 5 min at room
temperature. Then, the septum was taken off andehetion mixture was stirred
under an open air for an additional 10 min. Theetulas covered with a screw cap
and the reaction mixture was allowed to stir at 1G0for 12 h. After completion
of the reaction the mixture was cooled to room terafure, transferred to an RB
flask and solvent was evaporated. The residue vilased with ethylacetate (5
mL) and filtered through Celite. The filtrate wasshed with water (3 x 15 mL)
followed by brine solution (20 mL), dried over amhgus NaSQ,, filtered and
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concentrated under vacuum. The residue obtained mpwagfied by column
chromatography on silica gel (230-400 mesh) usititylacetate/hexane to give

the desired producRla-e)

3.6.1.21. General procedure for the preparation of (E)-Alkyl 3-(10-
substituted-6-chlorobenzo[4,5]imidazo[1,2a]quinoxalin-8-yl)acrylate (22a-d)

N @ R N_ _Cl
I PIDA (1.5 eq) ©: I
N” > NH 0
N AN
| CH4CN, rt, N OR3
/
o)
2

30 min
R2 R?
21 2
To a solution of Z1) (1.0 mmol) in acetonitrile (5 mL) was added PIDAYInmol)
and the solution was allowed to stirred at room pgerature for 30 min. After
completion of the reaction (indicated by TLC), thexture was extracted with
ethylacetate (3 x 10 mL). The combined organic phaas collected, washed with
brine and dried over anhydrous JS&), filtered and concentrated under reduced
pressure. The residue was purified by column chtography using ethyl acetate—
hexane to give desired compou2@)

3.6.1.22. E)-Ethyl 3-(6-chloro-10-fluorobenzo[4,5]imidazo[1,2a]quinoxalin-8-
yl)acrylate (22a)

Yield: 90%; white solid; mp: 221-223 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.34 (d,J = 8.0 Hz, 1H), 8.23 (dJ = 16.0 Hz, 1H), 8.14-8.08
(m, 2H), 7.84-7.79 (m, 1H), 7.68-7.64 (m, 1H), 7(66,J = 9.8, 2.0 Hz, 1H), 7.43
(d, J = 16.0 Hz, 1H), 4.36 (g) = 7.2 Hz, 2H), 1.41 (t) = 7.2 Hz, 3H);**C NMR
(100 MHz, CDC}): 166.8, 161.4 (C-F = 244.5Hz), 159.0, 144.7, 139.2, 138.7,
138.6, 134.5, 131.3, 131.2, 130.6 (Q-E 40.6Hz), 130.2, 129.7, 129.6, 128.9 (Q-F
= 9.6Hz), 126.7, 124.3, 114.7 (C3= 25.6Hz), 114.4 (2C), 102.1(CF= 29.0 Hz),
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101.8, 60.8, 14.3; MS (ES mass): 370.1 (M+1); HPQT.4%, Column: Symmetry C-
18 75 * 4.6 mm, 3/m, mobile phase A: 0.1 % TFA in water, mobile ph&se
CHsCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12{2flow rate: 1.0 mL/min;

Diluent: ACN: WATER (90:10); UV 220.0 nm, retentidime 4.8 min.

3.6.1.23. E)-tert-butyl 3-(6-chloro-10-fluorobenzo[4,5]imidazo[1,2a]quinoxalin-
8-yl)acrylate (22b)

Yield: 85%; white solid; mp: 198-200 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 8: 8.35 (d,J = 8.0 Hz, 1H), 8.18 (d) = 16.0 Hz, 1H), 8.14 (d] =
8.4 Hz, 1H), 8.09 (ddJ = 8.7, 1.9 Hz, 1H), 7.84-7.80 (m, 1H), 7.67J& 7.6 Hz,
1H), 7.55 (ddJ = 9.8, 1.9 Hz, 1H), 7.32 (d,= 16.0 Hz, 1H), 1.59 (s, 9H}*C NMR
(100 MHz, CDCY¥): 166.1, 161.5, 159.0 (C-F = 243.6 Hz), 144.7, 139.3, 139.2,
137.6 (2C), 134.5, 130.5, 130.1, 128.9, 128.2,8,2626.1, 114.4, 114.2, 101.8, 101.5
(C-FJ = 28.9 Hz), 80.9, 28.2; MS (ES mass): 398.0 (MHPLC: 99.9%, Column:
Symmetry C-18 75 * 4.6 mm, 3uB, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHBCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12{2lpw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nmetention time 4.8 min.

3.6.1.24. E)-Ethyl 3-(10-bromo-6-chlorobenzo[4,5]imidazo[1,2a]quinoxalin-8-
yl)acrylate (22c)

Yield: 91%; white solid; mp: 209-211 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 5: 8.55 (s, 1H), 8.38 (d] = 8.4 Hz, 1H), 8.20-8.12 (m, 2H), 7.88
(s, 1H), 7.86-7.82 (m, 1H), 7.68 (&= 7.6 Hz, 1H), 7.45 (dJ = 16.0 Hz, 1H), 4.34
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(9, J = 7.2 Hz, 2H), 1.40 (t) = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.8,
144.6, 141.4, 139.2, 138.5, 134.6, 132.3, 131.0.6/3130.3, 129.3, 128.8, 126.8,
124.4, 118.6, 117.9, 114.6, 60.7, 14.3; MS (ES jndsi.9 (M+3);HPLC: 99.9%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12{Amyw rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2201m, retention time 4.8 min.

3.6.1.25. E)-Ethyl 3-(6,10-dichlorobenzol[4,5]imidazo[1,2a]quinoxalin-8-
yl)acrylate (22d)

Yield: 82%; white solid; mp: 185-187 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 5: 8.41-8.39 (m, 2H), 8.21 (d,= 16.0 Hz, 1H), 8.15 (dd] = 8.0,
1.2 Hz, 1H), 7.86-7.82 (m, 1H), 7.77 (s, 1H), 7(68) = 7.6 Hz, 1H), 7.47 (d) =
16.0 Hz, 1H), 4.35 (q] = 7.2 Hz, 2H), 1.40 (t) = 7.2 Hz, 3H);**C NMR (100 MHz,
CDCl): 166.8, 144.7, 138.6, 134.6, 131.9, 131.2, 13036.3, 129.8, 129.4, 126.8,
126.7, 125.8, 125.7, 124.4, 114.9, 114.6, 60.73;1¥IS (ES mass): 385.9 (M+1);
HPLC: 99.8%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20,; flow rate: 1.0 mL/min; Diluent: ACN: WATER90:10); UV 220.0 nm,

retention time 4.4 min.
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4.1. Introduction:

Indoloquinolines are unique natural alkaloids, elterized by an indole and a
quinoline fused ring system, found exclusively incléambing shrub Cryptolepis
sanguinolenta® indigenous to West Africa. During the last few aees the
indoloquinoline ring system has been an interestiaecular scfiold for the design
of new drugs due to the broad spectrum of bioldgctvities of compounds based
on indoloquinolin€. Particularly, among the various isolated produatstaining
indoloquinoline structure, Cryptolepine (5-methyl-indolo[3,2b]quinoline) (),
neocryptolepine (cryptotackieine, 5-methyi#Hindolo[2,3b]quinoline) @) and
isocryptolepine (cryptosanguinolentine, 5-methHBidolo[3,2c]quinoline) @) are
three examples of the thirteen characterized alttslivom Cryptolepis sanguinolenta
(Figure 4.1) and were studied extensively. All thesompounds showed broad
spectrum of biological properties such as antinmlaantibacterial and antifungal,
anti-inflammatory, and antiplasmodial activitfeBurther, recent studies have shown
that cryptolepine ) and neocryptolepine2) possess linearly arranged tetracyclic
planar structures. Thus, they behave as a DNAgalating agents by inhibiting DNA
replication, transcription, and topoisomerase #ws/* Therefore these molecules are
acting as promising anticancer agents in modertthoeasie. Moreover, 11-substituted
indolo[3,2b]quinolines, displays a range of remarkable phaoiogical properties.
For example, 11-[2-methoxy-4-(methylsulfonyl)phdaghino indoloquinoline4) has
shown to exhibit antitumor activify, while both 11-(4-diethylamino)-2-
methylbutylamino  indoloquinoline 5{° and  11-(4-hydroxylphenyl)amino
indoloquinoline 6)" have shown promising activity with chloroquine itthibit a
multi-resistantPlasmodium falciparum strain (Figure 4.2)2

H;C CH;
OO0 OO O
N Z y
v & Y
CH;
1, Cryptolepine 2, Neocryptoplepine 3, Isocryptolepine

Fig 4.1 Examples of bioactive indoloquinoline alkaloids.
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, I
I!lH Me NH Et;N NH
5 R= 6, R=
4, R=Ms_ /@ HO
” OMe
N

Et2 NEtg
Fig 4.2 Examples of bioactive 11-substituted indolo[B]8uinolines.

Owing to their remarkable therapeutic potentiaig synthesis of indoloquinoline
derivatives has attracted considerable attentiosyothetic organic chemists. In
addition to that they are considered as attradtéweplates for new drug discovéry
especially in anticancer research. In this contextwere particularly interested in
design of novel bioactive molecul&s (Figure 4.3) based on known anti-cancer
alkaloid neocryptolepif@ A (5-methyl-84-indolo[2,3b]quinoline, and its
synthetic analogue 5,11-dimethyH&ndolo[2,3b]quinoline! (DIMIQ), which
showed promising cytotoxic and anticancer actigitidhe promising cytotoxic
effects were also observed with 6-substitutétiiedolo[2,3b]quinolines*? Thus
we were interested to use thél-6indolo[2,3b]quinoline frameworkB (Figure

4.3) for the discovery of novel apoptotic agents.

HO,C

RO,C T
OO _ QP L
NZ N — NSy = aryl
\ v\A,\,
A B Cc
Neocryptolepine Antitumor agent
(Anti cancer alkoloid) (eg. Acridine -4-acetic acids)

Fig 4.3 Design of novel bioactive moleculBs

The introduction of —CEHCO,R moiety at C-11 oB was particularly inspired by
the fact that certain aryl acetic acid€ (Figure 4.3) e.g. acridone-4-acetic acids
showed potent solid tumor activitya induction of cytokines including tumor
necrosis factor (which affected tumor blood flowpdaother host-mediated
cytotoxicity mechanisms (Figure 4.3). Moreover aem@ publicatiol* disclosed

that the introduction of an ester group to the cstrecctures led to the enhanced
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anticancer activities. It is believed to be duaioincrease in both the lipophilicity

and bioavailability of the corresponding drug.
4.1.1. Earlier reports for the synthesis of indologinoline derivatives:

In 2009, Takemoto and coworkers disclosed Pd-cadlyannulation of 1,2-
dialkylisothioureas {) with 5 mol% (Pd3-CsHs)Cl), in the presence of CuTC
(copper thiophenecarboxylate) and.C8; at 130 °C that provided a wide range of 6-
N-alkylatedindolo[2,3b]quinolines B) in good yields as shown in Scheme #.1.

Rt  (Pd(n3-C3Hs)Cl), R Y
FZ (5 mol %) X
CuTC (1.1 equiv) O s O
N,Me > \ \ N/ Z
)\\ Ar Cs,CO3, dppb M /
MeS~ N’ Xylene, 130 °C ©
7 8

Scheme 4.1Synthesis of @N-alkylated indolo[2,3]quinolines B).

In 2014, Ohno and coworkers developed a novel ndetfoos the synthesis of
indoloquinolinesvia the gold-catalyzed cascade cyclization of (azida)yides.
Ynamides bearing an allylsilane gave terminal adlserfl0), whereas ynamides

bearing a simple alkene gave cyclopropaid3 s shown in Scheme 4-2.

Ts R 72
g R_H
(LAUOTf/AgOTfl z
- e () »
| or
CH3NO, or N N N/ N
N3 DCE, rt Ho 1s Y
S
9 (R=CH,TMS)10 (R=Phorn-Bu) 14

L=[4-(CF3)CgHylsP
Scheme 4.2Synthesis of indoloquinolines from (azido)ynanside

In 2015, Kurth and coworkers developed a transitiatal free one-pot protocol for
the synthesis of 1H-indolo[3,2c]isoquinolin-5-aminesi4) via the atom economical

annulations of ethyl(2-cyano-phenyl)carbamat&g) (and 2-cyanobenzylbromides
(13). This method proceedsa sequentiaN-alkylation and base promoted cyclization

as shown in Scheme 43.
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R! CN \c i) NaH (1.1 equiv)
@[ . r2 _DMF, 0 %c,1.5h
NH iy NaH (1.1 equiv)
6 )%O Br DMF, 50 °C, 30 min
12 13

Scheme 4.8 Synthesis of 1H-indolo[3,2¢]isoquinolin-5-amines  from  2-

cyanobenzylbromides.

In 2013, Wang and coworkers disclosed the synthekisndolo[3,2€]quinoline
derivatives 19) via the reaction of schiff basé) with indole (L8) in the presence of
iodine in DMA and subsequent treatment with DDQjitce the desired product9)

in good yields as shown in Scheme #4.

3 w0
benzene ©/\/) 18 /\
X
reflux N/ 1)|2 DMA O

2)DDQ O
17 CI Cl

Scheme 4.4lodine mediated synthesis of indolo[J2wuinoline derivatives.

In 2012, Malaekehpoor and coworkers reporfdédbromosuccinimide catalyzed
synthesis of poly cyclic indolo[2,Blquinoline derivatives 42) from various
arylamines 20) and indole-3-carbaldehyd@1() in good to high yields. The reaction

proceeded abom temperature under mild conditions as show®cineme 4.5°

CHO
NB == R
4
NH, ” rt N~ N
20 21 H

22
Scheme 4.5Synthesis of indoloquinolines derivatives.

In 2009, Tilve and coworkers reported a one-potrsgis for lineabH-indolo[2,3-
b]quinolinesvia the reaction of indole-3-carboxyaldehy@d with arylamine 20) in
the presence of a catalytic amount of iodine inuxefig diphenylether as shown in
Scheme 4.6°
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CHO NH, R
Crp - () o (3
N
H R N
21

Ph,0, reflux, 12h H
20 22

Scheme 4.6Synthesis of B-indolo[2,3b]quinoline derivatives.

In 2011, Seidel and coworkers reported the syrgheineocryptolepine and its
analoguesvia acid-promoted reaction of secondary amino benhglie 3) with
indole @4). The reaction proceeded through annulation faddwy spontaneous
oxidation to give compoun®¥) in excellent yields as shown in Scheme?4.7.

R1
N CHO [QW p-TSA (1 equiv) XN O
ain R
R @ Me EtOH (0.1 M) O =N

H H reflux, open to air I\'T/ll
e
23 24 25

Scheme 4.7Synthesis of neocryptolepine and analogues.

In 2012, Liang and coworkers developed a one-pothaodke for the synthesis of
substituted indolo(2;8)quinolines from indoles. The reaction involhedivation of
C2 and C3 of indoles by molecular ioding) @nd base followed by situ reaction
with 1-(2-tosylaminophenyl)ketones or 2-tosylamianbaldehyde to afford novel C-
11-substituted derivatives in moderate to exceljggits as shown in Scheme 4°8.

o 4
) 1
4 2.0 equiv | R
R1_I N \ ) R JH(B‘R?) 2 _ 12M HCI‘ Q \ \ R3
%
N , HN 2.0 equiv Cs,CO5 rt N" N
R Ts MeCN, 90 °C R2
26 27 28

Scheme 4.80ne-pot synthesis of indolo(2t3guinolines from indole.
4.1.2. Present work:

Though several interesting and elegant methods Hazeen reported for the
construction of indoloquinoline ring, none of themere suitable for the
preparation of our target compounids 11-substituted l8-indolo[2,3-b]quinoline

derivatives B). A recent one-pot approaChthough afforded this class of

compounds having alkyl/ aryl substituents at C-laswalso found to be
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inconvenient for a direct accessBo(Figure 4.3) (vide infra). However, based on
a recent repoft we have developed a new strategy involving sedaleiftd-
catalyzed C-H activation-intramolecular alkenylatimllowed by desulfonation in
the same pot to afford the target compo@(br 38) in a straightforward manner
(Scheme 4.9).

X! R°0,C X CO,R3
| Pd(OAC),
2 2
g By s 4 o4

_—
6 NS

NN s R TRA, cHaeN NTONTYTRS

R sort 60°C, 5-7 h R R

37 38

Scheme 4.9 Pd-mediated synthesis of 11-carboxymethyl sulistit 61-indolo[2,3-

blquinoline derivatives.

Recently, transition-metal catalyzed C-H activatfohas become a hot area of
researcf and found wide applications in forming C-C and @droatom bonds.
Indeed, a remarkable progress has been made iratéés where Pd particularly
occupied the center stage. However, use of thisnnt@ogy towards the
straightforward synthesis of densely functionalizéeteroaromatics is not

common in the literature and needs further expionmat
4.2. Results and discussion:

4.2.1. Preparation of starting compounds

The requisite starting materiaBY) was synthesized from substituted anilines.
lodination of anilines provided 2-iodo substitutadilines @0), which on Heck
reaction with various acrylates3Y) afforded E)-alkyl 3-(2-amino-substituted
phenyl)acrylate 32). Further on tosylation the compoung?) afforded E)-ethyl
3-(2-(sulfonamido)phenyl)acrylate derivativé3f as shown in Scheme 4.10.

197



Synthesis of novel Indoloquinolines related . ...

0
o 3
R? OR
R% I A 2 |
6
R l,, NaHCO, ji:[ \)3]1\0@ R
o oo
RS NH
R Toluene/H,0 Ts "2 Pd(OAc);, PPhy RO NH,
NH, K,CO,, TBAB R®
29 30 DMF, 80-100 °C 32
2 reflux
R?=CI, Br, F, CHs, H Ro=Me, Et

A\ /O

.S%
RYT>Cl

32

Pyridine
DCM
rt, 5-7 hr

33
R*= p-Tolyl, 2-Thieny!

Scheme 4.10Synthesis of)-ethyl 3-(2-(sulfonamido)phenyl)acrylate derivais/G3)

The otherN-substituted indole derivativeq) were preparedia the reaction of
indoles with appropriate alkyl bromide/iodide35) in the presence of a base as
shown in Scheme 4.7%.

X1 X1
NaH
m . R3.Br R N
X2 N DMF, rt X2 N
H 35 R
34 36

R'= Methyl, Ethyl, Benzyl, Hexyl
X'= Br, OMe
X2=Cl

Scheme 4.11Synthesis oN-substituted indole derivative8g)

The key starting materiale. (E)-alkyl-3-(2-(1H-indol-2-ylamino)phenyl)acrylate
derivatives(37) requiredfor study was prepared by direct C-2 aminationNef
substituted indoles 36) with (E)-ethyl-3-(2-(sulfonamido)phenyl)acrylate
derivatives 83) in the presence of molecular iodine and a baseroaim
temparaturé’ The mild conditions permited a broad set of funusiities both in
the indoles and in the compour2Bj. The reaction afforded a variety d)falkyl-
3-(2-(1H-indol-2-ylamino)phenyl)acrylate derivative@87) in moderate to good
yields (Table 4.1).
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Table 4.1: lodine mediated

ylamino)phenyl)acrylate derivativg37)?

synthesis  of E)falkyl-3-(2-(1H-indol-2-

ORs
I, (1.2 equiv) X 0]
Cs,CO; X2 @11 R2
CH4CN, N\ N R6
rt 6-8h R1 R4_é\\¢o R5
37
Time Yield®
Entry | Indole 86) | Compound33) h) Product 87) (%)
OMe OMe
(o) O
O | |
1 N 6 Ql 85
36a Ts Ethyl  Ts
33a 37a
OFEt OFEt
o) o)
I I
2 36a 6 <::>\}\ 87
HN N" N
Ts Ethyl  Ts
33b 37b
OFt OEt
(o) O
| - | -
36a 6.5 Ql 83
3 N NN
Ts Ethyl Ts
33c 37¢c
OMe MeO
o)
%F (0] \ F
4 36a HN 8 %N 68
2‘2';3" Etnyl  2-hienyl
37d
OMe OMe
o) o)
l Br I Br
5 36a 7 | 75
HN NT N
Ts Ethyl  Ts
33e 37e
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OEt OEt
o
l Br l Br
6 36a 7 \ 80
HN NN
Ts Ethyl  Ts
33f 37f
OMe
o)
Q@ Qll
7 N 6 71
Methyl 33a N\ N
36b Methyl s
379
OEt
o)
Qa
8 36b 33b 6 Y 83
Methyl s
37h
OMe
OMe
o)
| o
9 36b i 6 \ 68
[‘l N
HN Methyl  Ts
Ts :
33g 37i
OMe
o
QII o
10 36b 336 7.5 I 60
Methyl s
37j
OEt OEt
o)
(@) l I
11 36b 5 | 73
HN N™ "N
+S Methyl Ts
33h 37k
OMe
o)
oy as
12 N 7 84
Benzyl 33a N\ N
36¢C Benzyll 'i's
371
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13

36¢C

OEt

Cl

HN
Ts
33i

| o
o

83

14

36¢C

OMe

HY
Ts
33]

6.5

82

15

36¢C

33c

79

16

36¢C

33e

Benzyll 'i's
37p

76

17

Illexyl
36d

33h

OEt

55

18

36a

33h

12

Ethyl  Ts
37r

73

19

36b

33h

12

OEt

68°
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OEt OFt
Br. o Br o l
\
| HN N [}]
36e Ts I ts
33k 37t
) OEt , OEt
° o P
21 Q_ﬁ 6 Ql 87
N HN NN
Ts Ts
36f 33l 37u
OFEt OFt
o) o)
o] \ | ol l
N 6.5 \ 82
22 HN NN
369 ts It
33h 37v

®All the reactions were carried out using compo@3d(1.2 mmol),36 (1.0 mmol), } (1.2
mmol) and Cg£LO; (1.5 mmol) in CHCN (5.0 mL) at room temperature under nitrogen .

®|solated yield®3.0 equiv of 4 was used for 12h.
4.2.2. Reaction optimization:

The Pd(Il)-mediated intramolecular C-H alkenylatio@as then examined under
various conditions using the compourrly) (Table 4.2). Though the Pd(OAc)
catalyzed reaction afforded a low yield of desipgdduct @8h) (entry 1, Table
4.2) the yield was increased dramatically whenluoifoacetic acid (TFA) was
used as an additive (entry 2, Table 4.2). To imprthe yield further we changed
the Pd catalysts (entries 3-5, Table 4.2) and tuditize (entry 6 and 7, Table 4.2).
However, 88h) was either obtained in low or moderate yield ot faomed at all.
While CH;CN was used as a solvent in these reactions, theolsther solvents
like DMSO, DMF, toluene and DCE (1,2-dichloroethpmeas also examined and
found to be less effective (entries 8-11, Table.ANbtably, the present synthesis
of (38h) does not require the use of an inert atmospherthasyield was not
affected whether the reaction was performed ung@enair or nitrogen (entry 2 vs
12, Table 4.2). The reaction did not proceed indhsence of Pd(OAgalone or
Pd(OAc) / Cu(OAc) indicating key role played by the catalyst and ¢lxedant in
the present reaction. However, the reaction proegexlowly in the absence of
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Cu(OAc) when performed under open air affordir8lf) in 70% vyield after 12h.
The aerial oxygen played the role of oxidant irstbase. Notably,38h) was not
formed when 7h) was treated with 12M HCI under the reported cdadff even

after 12h indicating inappropriateness of the eamnethod in the present case.

Table 4.2 Reaction conditions and optimization.

CO,Et
EtOZC \ Pd cat. 2
Cu(OAc), O _
m N O
Additive / N

% Soven
37h 60°C,6h 38h
Entry Catalyst Additive Solvent Yield” (%)

1 Pd(OAc), - CH,CN 22
2 Pd(OAc), TFA CH,.CN 82
3 PdCl, TFA CH,CN 67
4 Pd(PPY),CI, TFA CH,CN 9
5 Pd(PPD), TFA CH,CN 40
6 Pd(OAc), Amberlyst CH,CN 0
7 Pd(OAc), PTSA CH,CN Trace
8 Pd(OAc), TFA DMSO 30
9 Pd(OAc), TFA DMF 27
10 Pd(OAc), TFA Toluene 52
11 Pd(OAc), TFA DCE 11
12 Pd(OAc), TFA CH,CN 81°
13 - TFA CH.CN 0
14 - TFA CH,CN 0

®Reactions were performed using compouddh (0.20 mmol), Pd(OAg) (5 mol%),
Cu(OAc), (0.30 mmol) and TFA (0.24 mmol) in GEN (2.5 mL) at 60 °C for 6h under air.
PIsolated yield.°Reaction was performed under nitrog8Reaction was performed without
Pd(OAc) and Cu(OAQ)
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4.2.3. Scope of the reaction:

Having identified the optimum condition (entry 2afdle 4.3) we then examined
the substrate scope and generality of this metfibds, a range ofH)-alkyl-3-(2-
(1H-indol-2-ylamino)phenyl)acrylate derivatives37) were employed in the
present reaction to give the desirgd-®dolo[2,3-b]quinoline derivatives 38) in
acceptable to good yield (Table 4.3). All the compads were well characterized
by 'H & *C NMR, MS & HPLC. The disappearance of cert4#tNMR signals of
(37) i.e. a singlet near 6.2-6dbdue to the indole C3-H and two doublets near 8.3-
8.5 and 6.3-6.4 (J ~ 16 Hz) due to twdrans olefinic protons and appearance of a
singlet near 4.6-4.% (and a®™C NMR signal near 35 ppm) due to the 11-
carboxymethylene (-C#OO-) protons indicated the formation of produgs); A
representative compoun®8b) was further characterized Byi-*H COSY, 2D
NOESY, DEPT analysis (see Appendix) and the NOEeexrpent performed using
(38b) indicated close promiximity of Hc and Ha protonghaHb proton as they
interacted with each other (shown in Figure 4.4). dddition to various
substituents as'RR?, R®, R°, R®, X' and X (Table 4), the Pd(0) labile iodo group
was also tolerated in this reaction (entry 18 afidTlable 4.3) which is amenable

for further functionalizatiorvia Pd(0) chemistry.

Fig. 4.4: NOE correlation of8b).

Table 4.3:Synthesis of compoun@®8).2

X! R%0,C
2 | Pd(OAc),
X2 R?2  Cu(OAc),
| -
NTON R®  TFA, CH,CN
R s| 02R4R 60°C, 5-7 h
37 38
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Entry

Substrate3{7)

Product 88)

Time (h)

yield”
(%)

MeO

86

89

78

Ethyl  2-thienyl

52

M

\
Ethyl TS
37e

37d
eO
O)\\\ﬁBr
%
N N

80

EtO

Br

88

205




Synthesis of novel Indoloquinolines related . ...

MeO MeO
5 0
\
7 Ql (O~ O 6 75
\ N NN
N Methy
Methyl TS 389
379
=0 OEt
O, O
| (>~
o |, soo gl I
Methyl ~ Ts Methy! "
37h 38h
MeO OMe
0
o Cl O P cl
9 Ql NS, O 6 85
N~ N Methyl’
Methyl Ts 38i
37i
MeO OMe
o 0
\ Br O _ Br
10 Ql NSy O 7 77
N~ N Methyl
37]
OEt
0
|
11 Ql 6.5 84
N" N
Methyl  Ts
37k
MeO
SE\
12 \ 5 89
N
I%&enzyITS
371
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Ethyl s
37r
OFEt
]
19 Ql 69
N™ N
Methyl  Ts
37s
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OEt EtO
Br. o ’ Br (o)
20 @1 O 7 Q 5 87
NTN N~ N
/ Ts
37t
/ OEt
(o] o ‘
N N
g
37u
OEt
]
22 C'Ql 7 81
N N
R
37v

®All the reactions are carried out using compowB¥ (1 mmol), Pd(OAc) (5 mol%),

Cu(OAc) (1.5 mmol) and TFA (1.2 mmol) in GBN (2.5 mL) at 60 °C, 6h under air.
®|solated yield.

4.2.4. Proposed mechanism:

Pd(OAC); R3020
¢TFA o PdOZCCF3 FsCOCO

-AcOH ,O”L/ E-1
Pd(O,CCF3),

The catalytic

TCU(OAC)Z cycle E-2 R1 SO R4

TFA
Pd0 + R30,C. _PdO,CCF4

e
E_4 R1 . TFA .
R1 so R*

30,C
3
"@%@ e
O~
CF3002802R4 -

R1 SO R4

Scheme 4.12Proposed reaction mechanism.

As depicted in Scheme 4.12, the reaction seemegraceed® via (i) in situ
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generation of highly electrophilic Pd(ll) cationispeciesE-1 in TFA, (ii)
formation ofc-indole-Pd complexeg-2 through metalation of indolyl C3-H bond
in the presence oE-1, this is favored as C-3 of indole ring is the better
electrophilic (electron rich) position than the @i bond, (iii) intramolecular 6-
exo-trig cyclization (viecis-arylpalladation to C-C double bond) Bf2 leading to
the intermediatd=-3, which (iv) undergoe$-hydride elimination to givé=-4 and
the Pd species, (v) subsequent cleavage of Khghet)arylsulfonyl group in the
presence of TFA gives the produ&8j and (vi) oxidation of PYto Pd' species

completed the catalytic cycle.

4.3. Pharmacology:

In the life of cell cycle, cell death is an essanhpart for normal development that
continues into adult hood. Cell death may ocaar at least two broadly defined
mechanisms: necrosis or apoptosis. Necrosis isnaonirolled and accidental cell
death due to physical or chemical injury. In cositrapoptosis or programmed cell
death (PCD) is an organized cell death program hwbecurs during development and
aging of cells. In apoptosis, cell death occura controlled and regulated fashion and
it beginsvia activating a family of proteins known as caspdsethe early stages of
apoptosis. These caspases further activates pesteasleases which breakdown or
cleave key cellular components that are required rformal cellular function
including structural proteins in the cytoskeletard anuclear proteins such as DNA
repair enzymes. The caspases also activate othgnadigive enzymes such as

DNAases, which begin to cleave the DNA in the nusle

Apoptotic cells display distinctive morphology dugithe apoptotic process, and this
can be seen in (Figure 4.5). The cell then shrarkd develops blebs on its surface.
The cytoskeleton is destroyed and nuclear DNA igratded. Ultimately, the cell
breaks apart into membrane-wrapped cellular fragsnealled apoptotic bodies. The
apoptotic bodies are engulfed by macrophages abseguently removed from the
tissue without leading to an inflammatory resporfagrthermore, killing of cancer
cells by current therapies is largely due to thaugtion of apoptosis in tumor cells.
Since a hallmark of human cancers is their resigtdo apoptosis, there is a demand
to develop novel strategies that restore the apiopttachinery in order to overcome

cancer resistance. New drugs that could modulate ekpression of molecules
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involved in the apoptotic pathway with the abiltty induce apoptosis in multidrug-
resistant or apoptosis resistant tumor cell lines @& great importance in cancer
chemotherapy. Therefore the identification of apei® inducers represents an
attractive approach for the discovery and develaogragpotential anticancer agents.

Cell shnnkage

A
DNA fragmentation Apoptotic bodies

Phagocytosis of apoptotic bodies

Fig. 4.5: Schematic diagram of apoptosis in cell.

In order to assess their potential to induce apptine synthesized compounds were
tested in Zebrafish embry8salong with a known drug methotrexate at 30 pM.
Embryos of zebrafishDanio rerio) are excellent animal models for studying the
effects of small molecules in early developmeng thajor strengths of these fish

include fast to develop, inexpensive maintenantse early-stage embryos have a
transparent body and high degree of genetic coasernvwith human. Thus, zebrafish

has been an importanh vivo model for evaluations of potential drugs before

embarking on expensive studies in mice and humans.

Fig. 4.6: Developing zebrafish embryos

Based on their considerable effects in the presssty of apoptosis compounds
(38k), (38)) and B8a) were further tested at 1, 3, 10 and 30 uM alonth wi
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methotrexate (Figure 4.7 & 4.8). While the compoustk showed significant
increase in apoptotic activity from 1uM to 30uM, evbas38j showed significant
apoptotic activity at 30uM. In case 88a the increased apoptotic activity was seen
uptolOpM and embryos were found dead at 30uM. Theesepounds showed
NOAEL (No Observed Adverse Effect Level) 1¥Bk), 3 38j) and 1 uM 883 when
evaluated for their potential toxicities like tergénicity in Zebrafish embryo at a
range of 1.0-30 uM with phenobarbital (3 mM) asaaifive control (Figure 4.9 &
Figure 4.10)® The compound38k) showed toxicity at 30puM and found to be safe at
1, 3 and 10uM. The compoundf) was found to be safe at 1 & 3uM and toxic at 10
and 30 uM. In case of compound8@) toxicity was observed at 3 and 10 pM.
Embryos were found to be dead at 30uM. Based orabbvberapeutic index (T1 =
NOEL/EGsg) the compound38k) (Tl = 6.26) was found to be promising and is of
further interest (Table 4.4).

W-
Methotrexate

In m‘ TT

g : I

$ o [ '

5

5§ | I

- o 2

c ﬂ &

ae u T E':.z' T ] n nl
T = = = = =
£ g L -
3 e 5 R

o 38a

Figure 4.7.The percentage induction of apoptosis caused tpoands38k, 38] and38a at
different concentrations along with Methotrexatd!. the statistical analysis was performed
using GraphPad Prism® software.

211



Synthesis of novel Indoloquinolines related . ...

control Methotrexate at 30pM

38jat 30uM 38k at 30uM 38aat30uM

Figure 4.8. Representative images of the embryos treated wéthpounds assayed for

apoptosis.

Figure 4.9. Results of teratogenicity assay using compouls 38j and 38a Statistical

analysis for scoring was done using GraphPad Prisoi®vare using two-way ANOVA.

Figure 4.1Q Representative images of teratogenicity assay

212



Chapter 4

Table 4.4.Summary of results in Zebrafish assay

Pharmacological Evaluations Test Compounds Data
Tests Endpoint E%Sn':'r\é? Parameters| 38k 38j 38a
Acridine Orange
Apoptosis staining of Methotrexate ES 159 | 4.18| 2.20
apoptotic cells
Morphological

Teratogenicity] assessment of | Phenobarbita] NOAEL 10puM | 3uM | 1uM
Phenotypic changes

Overall Ratio of
: NOAEL/EC50 Therapeuti
Th(lerzggiutlc (Overall NOAEL = - ¢ Index 6.26 | 0.717| 0.493

lowest NOAEL)

Further, the compounds were tested at 10 uM ihjitfakr their ability to inhibit the
growth of four cancer cells e.g. A549 (lung), Ca(@val) MCF-7 (breast) and TZM-
BL (cervical) using the sulphorhodamine B (SRB)agSswith gemcitabine as a
reference compound. Among the active compour&8a)( (38b), (38d-k) and B8q)

(> 90% inhibition comparable to gemcitabine’s 908kibition) against lung cancer
cells, 38b, 40%) and 88j, 46%) against oral cancer cells (gemcitabine 92%8d (
(62%), @8f, 55%), @8I, 57%), B8], 42%) and 88q, 63%) against breast cancer cells
(gemcitabine 49%),38a, 53%), 38), 63%), and 38q, 76%) against cervical cancer

cells (gemcitabine 90%) were found to be intergstin
4.4. Conclusion:

In conclusion, a sequential method has been deedldpr the first time to
synthesize novel indolo[2,B}lquinolines related to neocryptolepine. The strateg
involved Pd(ll)-catalyzed intramolecular oxidati@8-H alkenylation of an indole
ring followed by desulfonylation in the same pohid straightforward and facile
methodology afforded an array of 11-carboxymethybstituted &l-indolo[2,3-
blquinoline derivatives. Several of these compoundsowed promising
cytotoxicities against cancer cells and apoptosticing properties in zebrafish
embryos indicating their potential for the treatrineri cancer. Overall, these
findings could be a new and useful addition to @&l activation/cascade reaction

as well as indoloquinoline chemistry.
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4.5. Experimental section:

4.5.1. Chemistry

General methods: Unless stated otherwise, reactions were performedemu
nitrogen atmosphere using oven dried glasswarectRes were monitored by
thin layer chromatography (TLC) on silica gel pai{®0 F254), visualizing with
ultraviolet light or iodine spray. Flash chromatagihy was performed on silica gel
(230-400 mesh) using distilled hexane, ethyl aeetdd and **C NMR spectra
were recodred in CDglor DMSOs solution by using a 400 MHz spectrometer.
Proton chemical shiftsé] are relative to tetramethylsilane (TM&,= 0.00) as
internal standard and expressed in ppm. Spin nligities are given as s (singlet),
d (doublet), dd (doublet of doublet), td (triplef doublet), t (triplet) and m
(multiplet) as well as b (broad). Coupling conssa@) are given in hertz. MS
spectra were obtained on a Agilent 6430 seriesl@rfpuard LC-MS / MS
spectrometer. Melting points (mp) were by using [EuB-540 melting point
appratus and are uncorrected. Chromatographicypbsit HPLC (Agilent 1200
series Chem Station software) was determined hygusiea normalization method
and the condition specified in each case: columobita phase (range used), flow

rate, detection wavelength, and retention times.

4.5.1.1. General Procedure for the preparation of 4ubstitued-2-iodoanilines
(30)

R? i l,, NaHCO; R? |
NH, Toluene/H,O \/::NH2

R?=Cl, Br, F, CHy, H 30

A mixture of 4-substituted aniline (1 mmol), iodindl mmol) and
sodiumbicarbonate (1.5 mmol) in toluene;(H(10 mL, 9:1) was stirred at room
temperature for 3 hours. After completion of thaatgon, the mixture was diluted
with ethyl acetate (30 mL), washed with sodiumosilphate solution (2 x 20
mL), followed by brine solution (20 mL), dried ovanhydrous Nz50O;, filtered
and concentrated under reduced pressure. The eesudis purified by column
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chromatography using ethylacetate—hexane to geaésired compoungb.

4.5.1.2. General Procedure for the preparation of K)-Alkyl 3-(2-amino-5-
substituted phenyl)acrylate (32)

@)
\)J\O/R:;
31

NH, Pd(OAC), PPhy

K,CO,, TBAB NH;
30 DMF, 80-100 °C 32
reflux

The compound 32) was prepared according to a procedure describethen
literaturé?

4.5.1.3. E)-Methyl 3-(2-amino-5-methylphenyl)acrylate (32a)

OMe

NH,

Yield: 75%; yellow solid; mp: 77-78 °C;;R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 7.83 (d,J = 16.0 Hz, 1H), 7.21 (s, 1H), 7.01 (dii= 8.2, 2.4
Hz, 1H), 6.64 (dJ = 8.0 Hz, 1H), 6.36 (dJ = 16.0 Hz, 1H), 3.85 (s, 2H), 3.81 (s,
3H), 2.26 (s, 3H)}*C NMR (100 MHz, CDGJ): 167.7, 143.2, 140.3, 132.2, 128.1
(2C), 119.8, 117.3, 116.9, 51.6, 20.3; MS (ES mak32.2 (M+1);HPLC: 99.4%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/86w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 2701m, retention time 2.5 min.

4.5.1.4. E)-Ethyl 3-(2-amino-5-chlorophenyl)acrylate (32b)
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| OEt
Cl

NH,

Yield: 66%; yellow solid; mp: 85-87 °C;;R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 7.72 (d,J = 16.0 Hz, 1H), 7.35 (s, 1H), 7.12 (dii= 8.4, 2.4
Hz, 1H), 6.65 (dJ = 8.4 Hz, 1H), 6.35 (d) = 16.0 Hz, 1H), 4.27 (q] = 7.2 Hz, 2H),
4.02 (s, 2H), 1.34 (1) = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.8, 143.9,
138.5, 130.8, 127.2, 123.5, 121.1, 119.3, 117.8,604.2;MS (ES mass): 226.1
(M+1); HPLC: 99.6%, Column: Symmetry C-18 75 * 4rfin, 3.5um, mobile phase
A: 0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/20, 2/20, 10/95, 20/95,
22/20, 25/20; flow rate: 1.0 mL/min; Diluent: ACM/ATER (90:10); UV 255.0 nm,

retention time 3.4 min.

4.5.1.5. E)-Ethyl 3-(2-amino-5-fluorophenyl)acrylate (32c)

(0]
| OEt

NH,

Yield: 83%; yellow solid; mp: 80-82 °C:{R 0.2 (10% EtOAch-hexane);H NMR
(400 MHz, CDC}) 6: 7.76 (d,J = 16.0 Hz, 1H), 7.09 (dd] = 9.6, 2.8 Hz, 1H), 6.93-
6.89 (m, 1H), 6.66 (dd] = 8.8, 4.8 Hz, 1H), 6.34 (dl = 16.0 Hz, 1H), 4.28 (¢J =
7.2 Hz, 2H), 3.83 (s, 2H), 1.35 @,= 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ):
166.8, 157.3 (C-B = 235.7 Hz), 155.0, 141.7, 138.8 , 120.8, 11918.3 (C-FJ =
22.6 Hz), 118.0, 117.9 (C-F= 7.6 Hz), 117.8, 113.4 (CF= 22.6 Hz), 113.2, 60.5,
14.2;MS (ES mass): 210.1 (M+1); HPLC: 99.3%, Column: Setry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
0/20, 2/20, 10/95, 20/95, 22/20, 25/20; flow rafe0 mL/min; Diluent: ACN:
WATER (90:10); UV 270.0 nm, retention time 3.0 min

4.5.1.6. E)-Ethyl 3-(2-amino-5-bromophenyl)acrylate (32d)
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| OEt
Br

NH,

Yield: 58%:; yellow solid; mp: 88-90 °CR: = 0.2 (10% EtOAch-hexane);'H
NMR (400 MHz, CDC}) 6: 7.71 (d,J = 16.0 Hz, 1H), 7.49 (s, 1H), 7.25 (ddlF
8.8, 2.4 Hz, 1H), 6.60 (d} = 8.4 Hz, 1H), 6.35 (dJ = 16.0 Hz, 1H), 4.27 (q) =
7.2 Hz, 2H), 3.97 (s, 2H), 1.34 {,= 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ):
166.8, 144.4, 138.4, 133.6, 130.2, 121.6, 119.8,2,1110.5, 60.6, 14.21S (ES
mass): 272.1 (M+3)HPLC: 98.4%, Column: Symmetry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN (T/%B):
0/20, 2/20, 10/95, 20/95, 22/20, 25/20; flow rate0 mL/min; Diluent: ACN:
WATER (90:10); UV 250.0 nm, retention time 3.5 min.

4.5.1.7. E)-Methyl 3-(2-amino-5-bromophenyl)acrylate (32e)

0

| OMe
Br

NH,

Yield: 69%:; yellow solid; mp: 90-92 °G%; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.71 (dJ = 16.0 Hz, 1H), 7.48 (s, 1H), 7.26-7.22 (m, 1H), 6.59
(d,J = 8.4 Hz, 1H), 6.34 (dJ = 16.0 Hz, 1H), 3.97 (s, 2H), 3.81 (s, 3H}C NMR
(100 MHz, CDC}): 167.2, 144.4, 138.7, 133.7, 130.2, 121.5, 1181%8.2, 110.6,
51.7;MS (ES mass): 257.9 (M+3); HPLC: 96.1%, Column: &atry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€€H:;CN (T/%B):
0/20, 2/20, 10/95, 20/95, 22/20, 25/20; flow rafe0 mL/min; Diluent: ACN:
WATER (90:10); UV 250.0 nm, retention time 3.3 min.

4.5.1.8. General Procedure for the preparation ofE)-Alkyl 3-(5-substituted-
2-(4-methylphenylsulfonamido)phenyl)acrylate (33)
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(0] (@]
/R3 3
(@] O/R
R2 Pyridine R2
—_—
TsCl, DCM Ts
NH, rt, 5-7 hr N
32 33

Compounds33a—33j were prepared according to a procedure describethe

literature®

4.5.1.9. E)-Methyl 3-(5-methyl-2-(4-
methylphenylsulfonamido)phenyl)acrylate (33a)

OMe

~Is

I=

Yield: 95%; white solid; mp: 160-162 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.56 (d,J= 8.0 Hz, 2H), 7.50 (dJ = 16.0 Hz, 1H), 7.27 (d] =

8.4 Hz, 2H), 7.20 (dJ = 8.4Hz, 2H), 7.19-7.14 (m, 1H), 6.69 (s, 1H), 6.813J =
16.0 Hz, 1H), 3.80 (s, 3H), 2.38 (s, 3H), 2.3431d); **C NMR (100 MHz, CDGJ):
166.9, 143.8, 139.3, 137.3, 135.8, 132.0, 131.3,681329.5 (2C), 127.9, 127.3, 127.2
(2C), 119.7, 51.8, 21.4, 20.MS (ES mass): 344.2 (M-1); HPLC: 98.5%, Column:
Symmetry C-18 75 * 4.6 mm, 3uB, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2dw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 270.0 nmetention time 3.4 min.

4.5.1.10. E)-Ethyl 3-(5-methyl-2-(4-methylphenylsulfonamido)plenyl)acrylate
(33b)
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OEt

~TIs

Ir=z

Yield: 97%; white solid; mp: 145-147 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 8: 7.54 (d,J = 8.4 Hz, 2H), 7.46 (d) = 15.6 Hz, 1H), 7.29 (d] =
8.4 Hz, 1H), 7.25 (s, 1H), 7.17 {t= 8.4 Hz, 3H), 6.70 (s, 1H), 6.10 (@= 15.6 Hz,
1H), 4.23 (qJ = 7.2 Hz, 2H), 2.36 (s, 3H), 2.32 (s, 3H), 1.32)(§ 7.2 Hz, 3H):**C
NMR (100 MHz, CDCJ): 166.6, 143.6, 139.3, 137.2, 135.8, 132.1, 1313).8,
129.5 (2C), 128.2, 127.3, 127.2 (2C), 119.9, 6R174, 20.9, 14.2; MS (ES mass):
358.2 (M-1);HPLC: 99.5%, Column: Symmetry C-18 75 * 4.6 mm,u85 mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
8/95, 10/20, 12/20; flow rate: 1.0 mL/min; DiluerARCN: WATER (90:10); UV
270.0 nm, retention time 3.5 min.

45.1.11. E)-Ethyl 3-(5-fluoro-2-(4-methylphenylsulfonamido)pkenyl)acrylate
(33c)

OEt

N ~Is
H

Yield: 91%; white solid; mp: 161-163 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.54 (d,J = 8.4 Hz, 2H), 7.43 (dJ = 15.6, 1H), 7.39 (dd] =
7.8, 4.2 Hz, 1H), 7.21 (dl = 8.0 Hz, 2H), 7.14 (dd] = 9.2, 2.8 Hz, 1H), 7.09-7.05
(m, 1H), 6.81 (s, 1H), 6.09 (d,= 15.6 Hz, 1H), 4.25 (¢ = 7.2 Hz, 2H), 2.38 (s,
3H), 1.34 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ): 166.2, 162.6 (C-B =
246.6 Hz), 160.1, 144.0, 138.0 (2C), 135.5, 138&F(J = 8.3 Hz), 133.2, 130.7,
130.6 , 129.6, 127.2, 121.4, 117.9, 117.7, 113:8 (C= 23.3Hz), 113.1, 60.9, 21.4,
14.2;MS (ES mass): 362.2 (M-1HPLC: 99.1%, Column: Symmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
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0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rdt® mL/min; Diluent: ACN: WATER
(90:10); UV 230.0 nm, retention time 3.5 min.

45.1.12. E)-Methyl 3-(5-fluoro-2-(thiophene-2-sulfonamido)phayl)acrylate
(33d)

OMe

A
2-thienyl

Yield: 85%; white solid; mp: 171-173 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDCY) 6: 7.56-7.54 (m, 1H), 7.50 (d,= 15.8, 1H), 7.41-7.35 (m, 2H),
7.20 (dd,J = 9.2, 2.8 Hz, 1H), 7.13-7.05 (m, 1H), 7.01-6.99 @Hi), 6.79 (s, 1H),
6.20 (d,J = 15.8 Hz, 1H), 3.79 (s, 3H}*C NMR (100 MHz, CDG)): 166.4, 162.8
(C-FJ=247.4 Hz), 160.3, 138.9, 137.6, 133.4 (G 8.2 Hz), 133.3, 133.0, 132.8,
130.5 (C-FJ = 8.8 Hz), 130.4, 130.1, 127.5, 121.4, 118.0 (C+F22.6 Hz), 117.8,
113.4 (C-FJ = 23.5 Hz), 113.2, 51.9; MS (ES mass): 342.2 (MHPLC: 99.4%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: CECN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/86w rate:
1.0 mL/min; Diluent: ACN: WATER (80:20); UV 2601m, retention time 3.2 min.

4.5.1.13. E)-Methyl 3-(5-bromo-2-(4-methylphenylsulfonamido)plenyl)acrylate
(33e)

OMe

Br

N s
H

Yield: 97%; white solid; mp: 192-194 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDCY) 6: 7.58 (s, 1H), 7.56-7.55 (m, 2H), 7.46 (dds 8.8, 2.4 Hz, 1H),
7.42 (d,J = 15.8 Hz, 1H), 7.30 (d] = 8.8 Hz, 1H), 7.22 (d) = 8.0 Hz, 2H), 6.72 (s,
1H), 6.13 (d,J = 15.8 Hz, 1H), 3.80 (s, 3H), 2.36 (s,3HJC NMR (100 MHz,
CDCly): 166.4, 144.2, 137.7, 135.5, 133.7
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(2C), 132.0, 129.8, 129.7 (2C), 128.7, 127.2 (A2)}.5, 120.7, 52.0, 21.4; MS (ES
mass): 410.1 (M+1); HPLC: 99.7%, Column: Symmetre&75 * 4.6 mm, 3.om,
mobile phase A: 0.1 % TFA in water, mobile phas€B;3CN (T/%B): 0/20, 0.5/20,
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/min;lu&@nt: ACN: WATER (90:10);

UV 230.0 nm, retention time 3.5 min.

45.1.14. E)-Ethyl 3-(5-bromo-2-(4-methylphenylsulfonamido)phayl)acrylate
(33f)

I OEt
Br

T
NS
H

Yield: 98%; white solid; mp: 146-149 °C;R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.56 (d,J= 8.2 Hz, 3H), 7.46 (dd] = 8.6, 2.2 Hz, 1H), 7.38 (d,

J = 16.0 Hz, 1H), 7.33 (dJ = 8.4 Hz, 1H), 7.22 (dJ = 8.0 Hz, 2H), 6.70 (s, 1H),
6.11 (d,J = 16.0 Hz, 1H), 4.24 (q) = 7.2 Hz, 2H), 2.38 (s, 3H), 1.33 (t= 7.2 Hz,
3H); **C NMR (100 MHz, CDGJ): 166.2, 144.0, 137.7, 135.6, 133.8, 133.6, 132.4,
129.8 , 129.7 (2C), 129.2, 127.2 (2C), 121.6, 126170, 21.4, 14.2; MS (ES mass):
424.1 (M+1); HPLC: 99.4%, Column: Symmetry C-18*78.6 mm, 3..um, mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
8/95, 10/20, 12/20; flow rate: 1.0 mL/min; DiluerARCN: WATER (90:10); UV

230.0 nm, retention time 3.7 min.

4.5.1.15. E)-Methyl 3-(5-chloro-2-(4-methylphenylsulfonamido)menyl)acrylate
(339)

OMe

Cl

N Ts
H

Yield: 98%; white solid; mp: 149-151 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.56 (d,J = 8.4 Hz, 2H), 7.46 (dJ = 16.4 Hz, 1H), 7.41 (s,
1H), 7.38 (dJ = 8.8 Hz, 1H), 7.32 (dd] = 8.6, 2.4 Hz, 1H), 7.22 (d,= 8.0 Hz, 2H),
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6.77 (s, 1H), 6.13 (d) = 16.4 Hz, 1H), 3.80 (s, 3H), 2.38 (s, 3HJC NMR (100
MHz, CDCk): 166.6, 144.1, 138.1, 135.5, 133.2, 133.0, 13230.7, 129.7 (2C),
129.0, 127.2 (2C), 126.8, 121.1, 52.0, 21.4; MS (&&ss): 364.2 (M-1)HPLC:
98.9%, Column: Symmetry C-18 75 * 4.6 mm, 81§ mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/86w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); U%30.0 nm, retention time 3.5

min.

4.5.1.16. E)-Ethyl 3-(2-(4-methylphenylsulfonamido)phenyl)acryate (33h)

OEt
| @]

Ts

I=

Yield: 98%; white solid; mp: 140-143 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.56 (d,J = 8.4 Hz, 2H), 7.48 (d) = 15.6 Hz, 1H), 7.45-7.42
(m, 2H), 7.24 (dJ = 8.0 Hz, 1H), 7.19 (d) = 8.0 Hz, 2H), 6.72 (s, 1H), 6.13 @=
15.6 Hz, 1H), 4.24 (q) = 7.2 Hz, 2H), 2.36 (s, 3H), 1.33 @{,= 7.2 Hz, 3H);**C
NMR (100 MHz, CDC})): 166.5, 143.8, 138.9, 135.8, 134.7, 130.8, 13129,6 (2C),
127.5, 127.2 (2C), 127.1, 127.0, 120.5, 60.8, 21442; MS (ES mass): 344.2 (M-1);
HPLC: 99.3%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 270.0 nm,

retention time 3.4 min.

45.1.17. E)-Ethyl 3-(5-chloro-2-(4-methylphenylsulfonamido)plenyl)acrylate
(33i)

Cl

Yield: 95%; white solid; mp: 169-171 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.58 (d,J = 8.4 Hz, 2H), 7.41-7.38 (m, 2H), 7.38-7.36 (m, 1H),
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7.32 (ddJ = 8.8, 2.4 Hz, 1H), 7.23 (d,= 8.0 Hz, 2H), 6.79 (s, 1H), 6.13 (@= 15.7
Hz, 1H), 4.25 (qJ = 7.2 Hz, 2H), 2.39 (s, 3H), 1.35 @,= 7.2 Hz, 3H);"*C NMR
(100 MHz, CDC}): 166.1, 144.1, 137.6, 135.6, 133.2, 132.9, 13230.7, 129.7
(2C), 128.9, 127.2 (2C), 126.8, 121.7, 61.0, 21#42;MS (ES mass): 378.2 (M-1);
HPLC: 99.5%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 270.0 nm,

retention time 3.6 min.

4.5.1.18. E)-Methyl 3-(5-fluoro-2-(4-methylphenylsulfonamido)mhenyl)acrylate
(33))

OMe

N s
H

Yield: 93%; white solid; mp: 156-158 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 7.54 (d,J = 8.0 Hz, 2H), 7.42 (d) = 15.6 Hz, 1H), 7.35-7.32
(m, 1H), 7.22 (dJ = 8.4 Hz, 2H), 7.15 (dd] = 8.8, 2.8 Hz, 1H), 7.10-7.03 (m, 1H),
6.45 (s, 1H), 6.11 (d) = 15.6 Hz, 1H), 3.79 (s, 3H), 2.39 (s, 3HJC NMR (100
MHz, CDCk): 166.7, 162.6 (C-H = 246.7 Hz), 160.1, 144.0, 138.5, 138.4, 135.5,
133.4 (C-RJ = 8.1 Hz), 133.3, 130.7, 130.6, 129.6, 127.2,82017.9, 117.7, 113.3
(C-F J = 23.3Hz), 113.1, 52.0, 21.MS (ES mass): 348.2 (M-1); HPLC: 99.4%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/80w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 230.0m retention time 3.3 min.

4.5.1.19. E)-Ethyl 3-(3,5-dimethyl-2-(4-
methylphenylsulfonamido)phenyl)acrylate (33k)
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OEt

Ts

Iz

Yield: 93%; white solid; mp: 142-144 °C;R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 7.52 (d,J = 8.0 Hz, 2H), 7.43 (dJ = 16.0 Hz, 1H), 7.18-7.09
(m, 4H), 6.22 (s, 1H), 6.01 (d,= 16.0 Hz, 1H), 4.18 (qJ = 7.2 Hz, 2H), 2.37 (s,
3H), 2.31 (s, 3H), 2.29 (s, 3H), 1.31 {t,= 7.2 Hz, 3H);**C NMR (100 MHz,
CDCl3): 166.8, 143.5, 140.8, 139.3, 137.8, 136.2, 13838.7, 130.7, 129.5 (2C),
127.4 (2C), 125.2, 118.2, 60.6, 21.4, 21.0, 1882;1MS (ES mass): 372.2 (M-1);
HPLC: 99.8%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GBAN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER8Q:20); UV 230.0 nm,

retention time 3.7 min.

4.5.1.20. E)-Ethyl 3-(4-methyl-2-(4-methylphenylsulfonamido)plenyl)acrylate
(33I)

OEt

_Ts

I=

Yield: 95%; white solid; mp: 132-134 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 7.56 (d,J = 8.4 Hz, 2H), 7.35 (dJ = 15.6, 2H), 7.26 (s, 1H),
7.19 (d,J = 8.4 Hz, 2H), 7.04 (dJ = 7.6 Hz, 1H), 6.56 (s, 1H), 6.07 (d,= 15.6,
1H), 4.22 (qJ = 7.2 Hz, 2H), 2.36 (s, 3H), 2.34 (s, 3H), 1.32)(§ 7.2 Hz, 3H):**C
NMR (100 MHz, CDC})): 166.6, 143.8, 141.6, 138.7 (2C), 135.7, 13428,.3, 128.2,
128.1, 127.5, 127.2, 126.7, 119.4, 119.3, 60.4,221.3, 14.2; MS (ES mass): 358.2
(M-1); HPLC: 99.9%, Column: Symmetry C-18 75 * 46n, 3.5um, mobile phase
A: 0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
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10.5/20, 12/20; flow rate: 1.0 mL/min; Diluent: ACMVATER (80:20); UV 230.0

nm, retention time 3.7 min.

4.5.1.21. General Procedure for synthesis oEJ-Alkyl 3-(5-substituted-2-(N-

(1-alkyl-1H-indol-2-yl)-4-methylphenylsulfonamido)phenyl)acryhte (37}

3
CO,R? . R°0,C
” | I, (1.2 equ.v)> @j\l R?
R1—N P> + CSQCO3, N \ N

NHSO,R* CHyCN, T
36 33 r.t, 6-8 h R' SOR

37

To a mixture of E)-alkyl 3-(5-substituted-2-(4-

methylphenylsulfonamido)phenyl)acrylate derivatiy86) (1.0 mmol), CgCO;

(1.5 mmol), $ (1.2 mmol) in acetonitrile (2.5 mL) added indoleridative (33)

(1.2 mmol), then stirred at room temperature undigrogen for 6-8 h. The
progress of the reaction was monitored by TLC. Ugompletion, the reaction
was quenched with a saturated solution of@; (5 mL) and extracted with
ethyl acetate (3 x 30 mL). The organic layers westected, combined washed
with brine (50

concentrated under a reduced pressure. The

mL), dried over anhydrous sodiunilfate, filtered, and
reswise purified by column
chromatography over silica gel using ethyl acetaésane to give the desired

product @7).

45.1.22. E)-Methyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-methylphenyl)acrylate (Fa)

Yield: 85%; white solidmp: 180-182 °CR; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 8: 8.47 (d,J = 16.0 Hz, 1H), 7.60 (d] = 8.0 Hz, 2H), 7.52 (d] =
8.0 Hz, 2H), 7.33-7.27 (m, 3H), 7.24-7.19 (m, 1AN7 (d,J = 7.6 Hz, 1H), 7.14-
7.09 (m, 1H), 7.10-7.06 (m, 1H), 6.42 (= 16.0 Hz, 1H), 6.30 (s, 1H), 4.29 @=
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7.2 Hz, 2H), 3.86 (s, 3H), 2.47 (s, 3H), 2.36 (8),31.21 (t,J = 7.2 Hz, 3H);°C
NMR (100 MHz, CDCY)): 166.9, 144.5, 141.0, 138.9, 136.9, 134.4, 182Q3, 133.8,
131.4, 129.9 (2C), 129.3 (2C), 129.2, 127.6, 12522.6, 121.0, 199.8, 119.4, 109.9,
100.3, 51.7, 37.6, 21.6, 21.1, 14.8; MS (ES ma48%9.2 (M+1); HPLC: 98.6%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/806w rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nmetention time 4.2 min.

4.5.1.23. E)-Ethyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)-4-methylphenylsulfonamido)-
5-methylphenyl)acrylate (37b)

Lo
NN
K Ts
Yield: 87%; white solid; mp: 147-149 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 8: 8.44 (d,J = 16.0 Hz, 1H), 7.60 (d] = 8.0 Hz, 2H), 7.52 (d] =
8.0 Hz, 2H), 7.32-7.26 (m, 3H), 7.22 @= 7.2 Hz, 1H), 7.18 (dJ = 8.0 Hz, 1H),
7.13-7.10 (m, 1H), 7.08 (§ = 6.8 Hz, 1H), 6.41 (dJ = 16.0 Hz, 1H), 6.31 (s, 1H),
4.35-4.30 (g = 7.2 Hz, 2H), 4.30-4.24 (m, 2H), 2.46 (s, 3H), 2(863H), 1.39 (tJ
= 7.2 Hz, 3H), 1.21 (t) = 7.2 Hz, 3H);"*C NMR (100 MHz, CDG)): 166.5, 144.5,
140.6, 138.9, 136.8, 134.4, 134.3 (2C), 133.8,3,3129.9, 129.3 (2C), 129.1 (2C),
127.6, 125.9, 122.5, 121.0, 119.9, 119.8, 109.9,3,060.5, 37.6, 21.6, 21.1, 14.8,
14.3; MS (ES mass): 503.3 (M+HPLC: 98.8%, Column: Symmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow radt& mL/min; Diluent: ACN: WATER
(90:10); UV 225.0 nm, retention time 4.4 min.

4.5.1.24. E)-Ethyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)-4-methylphenylsulfonamido)-
5-fluorophenyl)acrylate (37c)
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0] F
j Ts
Yield: 83%; white solid; mp: 156-158 °CR; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 8: 8.41 (d,J = 16.0 Hz, 1H), 7.59 (d] = 8.4 Hz, 2H), 7.53 (d] =
8.0 Hz, 1H), 7.38 (ddJ = 9.2, 2.8 Hz, 1H), 7.31-7.27 (m, 4H), 7.25-7.21 (Hhi),
7.11-7.07 (m, 1H), 7.04-6.99 (m, 1H), 6.40J¢; 16.0 Hz, 1H), 6.32 (s, 1H), 4.33 (q,
J= 7.2 Hz, 2H), 4.28-4.25 (m, 2H), 2.47 (s, 3H), 1(80 = 7.2 Hz, 3H), 1.22 (1) =
6.8 Hz, 3H);™*C NMR (100 MHz, CDGJ): 166.0, 163.2 (C-B = 250.0 Hz), 160.7,
144.8, 139.5, 139.4, 137.0, 136.9, 134.0 (Q-F 7 Hz), 133.8, 132.1, 129.5 (2C),
129.1 (2C), 125.8, 122.8, 121.4, 121.0, 119.9,6,1717.4, 113.6, 113.4 (C-F=
22.5 Hz), 109.9, 100.4, 60.7, 37.6, 21.6, 14.931MS (ES mass): 507.2 (M+1);
HPLC: 99.6%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER90Q:10); UV 225.0 nm,

retention time 4.2 min.

4.5.1.25. E)-Methyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)thiophene-2-sulfonamido)-5-
fluorophenyl)acrylate (37d)

\
Ethyl 2-thienyl

Yield: 68%; white solid; mp: 173-175 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.41 (d,J = 16.4 Hz, 1H), 7.72-7.71 (m, 1H), 7.57-7.55 (m,
2H), 7.40-7.37 (m, 2H), 7.30 (d= 8.0 Hz, 1H), 7.25 (dd] = 8.0, 1.2 Hz, 1H), 7.17-
7.15 (m, 1H), 7.12-7.09 (m, 1H), 7.08-7.03 (m, 16I%8 (s, 1H), 6.43 (d] = 16.4
Hz, 1H), 4.28 (qJ = 7.2 Hz, 2H), 3.87 (s, 3H), 1.22 (,= 7.2 Hz, 3H);"*C NMR
(100 MHz, CDCH) &: 166.5, 163.4 (C-B = 249.2 Hz), 160.9, 139.6, 137.0, 136.9,
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135.1, 134.9 (C-B = 5.6 Hz), 134.9, 134.0, 133.9, 133.5, 131.9, 12725.8, 123.0,
121.2,121.1, 120.1, 117.8 (CI= 23.0 Hz), 117.6, 113.8 (C-F= 23.1 Hz), 113.6,
110.0, 100.5, 51.9, 37.7, 14.8; MS (ES mass): 48491); HPLC: 97.9%, Column:
Symmetry C-18 75 * 4.6 mm, 3uB, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHBCN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/2#0w rate: 1.0
mL/min; Diluent: ACN: WATER (80:20); UV 220.0 nmetention time 3.8 min.

4.5.1.26. E)-Methyl-3-(5-bromo-2-(N-(1-ethyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)phenyl)acrylate (37e)

O \ Br

(L Ts

Yield: 75%; white solid; mp: 199-201 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.40 (d,J = 16.0 Hz, 1H), 7.83 (s, 1H), 7.59 (d~= 8.4 Hz,
2H), 7.53 (d,J = 8.0 Hz, 1H), 7.42 (dd] = 8.8, 2.4 Hz, 1H), 7.32-7.29 (m, 3H), 7.24-
7.20 (m, 1H), 7.16 (d] = 8.8 Hz, 1H), 7.11-7.07 (m, 1H), 6.43 = 16.0 Hz, 1H),
6.29 (s, 1H), 4.25 (gl = 7.6 Hz, 2H), 3.87 (s, 3H), 2.47 (s, 3H), 1.200(t 7.2 Hz,
3H); *C NMR (100 MHz, CDGJ): 166.5, 144.9, 139.5, 138.3, 136.6, 134.0, 133.8,
133.6, 133.4, 131.6, 130.1, 129.5 (2C), 129.1 (2€%.7, 122.9, 122.8, 121.1, 120.9,
119.9, 109.9, 100.5, 51.9, 37.6, 21.6, 1MB (ES mass): 555.1 (M+3HPLC:
98.8%, Column: Symmetry C-18 75 * 4.6 mm, 81 mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/86w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV1R.5 nm, retention time 7.9

min.

4.5.1.27. E)-Ethyl-3-(5-bromo-2-(N-(1-ethyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)phenyl)acrylate (37f)
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O\ Br

LT
Yield: 80%; white solid; mp: 163-165 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.38 (d,J = 16.0 Hz, 1H), 7.83 (s, 1H), 7.59 (d= 8.4 Hz,
2H), 7.52 (dJ = 7.6 Hz, 1H), 7.43 (dd] = 8.4, 2.0 Hz, 1H), 7.33-7.26 (m, 3H), 7.23
(t, J= 7.6 Hz, 1H), 7.17 (dJ = 8.4 Hz, 1H), 7.09 (tJ = 7.6 Hz, 1H), 6.42 (d) =
16.00 Hz, 1H), 6.29 (s, 1H), 4.32 @= 7.2 Hz, 2H), 4.25 (q) = 7.2 Hz, 2H), 2.47
(s, 3H), 1.39 (tJ = 7.2 Hz, 3H), 1.21 (tJ = 7.2 Hz, 3H);**C NMR (100 MHz,
CDCl): 166.0, 144.9, 139.2, 138.2, 136.7, 134.0, 13833.6, 133.3, 131.6, 130.1,
129.5 (2C), 129.1 (2C), 125.7, 122.9, 122.8, 12124,.1, 119.9, 109.9, 100.6, 60.7,
37.6, 21.7, 14.9, 14.3; MS (ES mass): 567.2 (MHPLC: 98.9%, Column:
Symmetry C-18 75 * 4.6 mm, 1B, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2dw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 225.0 nmetention time 4.5 min.

4.5.1.28. E)-Methyl-3-(5-methyl-2-(4-methyl-N-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (379)

MeO

Yield: 71%;white solid;mp: 172-173 °CR; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.40 (d,J = 16.0 Hz, 1H), 7.59 (d] = 8.0 Hz, 2H), 7.51 (dJ =
8.0 Hz, 1H), 7.45 (s, 1H), 7.30 (@= 8.0 Hz, 2H), 7.26-7.21 (m, 2H), 7.11 (s, 2H),
7.10-7.06 (m, 1H), 6.35 (d,= 16.0 Hz, 1H), 6.28 (s, 1H), 3.86 (s, 3H), 3.853(d),
2.48 (s, 3H), 2.35 (s, 3H}*C NMR (100 MHz, CDGJ): 166.9, 144.5, 141.2, 139.1,
137.2, 135.1, 135.0, 134.6, 134.4, 131.4, 129.8,3122C), 129.0 (2C), 127.8, 125.6,
122.6, 120.8, 119.8 (2C), 109.8, 100.2, 51.7, 3P106, 21.0; MS (ES mass): 475.2
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(M+1); HPLC: 99.0%, Column: Symmetry C-18 75 * 4.6 mm,u B mobile phase
A: 0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/50, 1/50, 6/98, 12/98,
13/50, 15/50; flow rate: 1.0 mL/min; Diluent: ACM/ATER (90:10); UV 220.0 nm,
retention time 7.8 min.

4.5.1.29. E)-Ethyl-3-(5-methyl-2-(4-methyl-N-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (37h)

EtO

Yield: 83%;white solid; mp: 184-186 °QR; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.39 (d,J= 16.0 Hz, 1H), 7.59 (d] = 8.4 Hz, 2H), 7.50 (d] =
8.0 Hz, 1H), 7.45 (s, 1H), 7.32-7.20 (m, 5H), 77.04 (m, 2H), 6.33 (d] = 16.0 Hz,
1H), 6.30 (s, 1H), 4.30 (¢, = 7.2 Hz, 2H), 3.87 (s, 3H), 2.47 (s, 3H), 2.35 {),3
1.38 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.4, 144.4, 140.8, 139.1,
137.2, 135.2, 135.0, 134.6, 134.5, 131.3, 129.8,3R2C), 129.0 (2C), 127.7, 125.6,
122.6, 120.8, 120.2, 119.8, 109,2, 100.2, 60.9),301.6, 21.0, 14.3; MS (ES mass):
489.2 (M+1);HPLC: 98.1%, Column: Symmetry C-18 75 * 4.6 mm,u 85 mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
8/95, 10/20, 12/20; flow rate: 1.0 mL/min; DilueACN: WATER (90:10); UV 220.0
nm, retention time 4.3 min.

4.5.1.30. E)-Methyl-3-(5-chloro-2-(4-methyl-N-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (37i)

MeO

o \ Cl
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Yield: 68%;white solid; mp: 178-180 °Q%; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) s: 8.35 (d,J = 16.0 Hz, 1H), 7.61 (d) = 8.0 Hz, 2H), 7.57 (s,
1H), 7.51 (dJ = 8.0 Hz, 1H), 7.33-7.26 (m, 4H), 7.25-7.22 (m, 1AL7 (d,J = 8.8
Hz, 1H), 7.11-7.07 (m, 1H), 6.35 (d= 16.0Hz, 1H), 6.27 (s, 1H), 3.85 (s, 3H), 3.84
(s, 3H), 2.48 (s, 3H):*C NMR (100 MHz, CDGJ): 166.5, 144.9, 139.8, 138.1, 136.5,
135.1, 135.0, 134.5, 134.2, 131.3, 130.4, 129.5,(229.0 (2C), 127.3, 125.6, 122.9,
121.3, 120.9 (2C), 109.9, 100.4, 52.0, 30.0, 2MB (ES mass): 495.0 (M+1);
HPLC: 96.4%, Column: Symmetry C-18 250 * 4.6 mmnb mobile phase A: 5mm
Ammonium Acetate in water, mobile phase B:{LN (T/%B): 0/20, 3/20, 12/95,
23/95, 25/20, 30/20; flow rate: 1.0 mL/min; Dilue®CN: WATER (90:10); UV

230.4 nm, retention time 15.0 min.

4.5.1.31. E)-Methyl-3-(5-bromo-2-(4-methyl-N-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (37j)

MeO
: Br
\
N

Yield: 60%; white solid; mp: 204-206 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) s: 8.34 (d,J = 16.0 Hz, 1H), 7.77 (s, 1H), 7.59 (@= 8.0 Hz,
2H), 7.51 (dJ = 8.0 Hz, 1H), 7.43 (dd] = 8.8, 2.4 Hz, 1H), 7.32 (d,= 8.0 Hz, 2H),
7.27 (s, 1H), 7.26-7.24 (m, 1H), 7.12-7.07 (m, 26485 (d,J = 16.0 Hz, 1H), 6.26 (s,
1H), 3.85 (s, 3H), 3.83 (s, 3H), 2.48 (s, 3¢ NMR (100 MHz, CDCJ): 166.4,
144.8, 139.7, 138.6, 136.8, 135.1, 134.4, 134.2,41331.5, 130.3, 129.5 (2C), 129.0
(2C), 125.5, 123.0, 122.9, 121.3, 120.9, 120.0,8,0800.4, 51.9, 30.0, 21.6; MS (ES
mass): 541.1 (M+3)HPLC: 97.7%, Column: Symmetry C-18 75 * 4.6 mm, 35
mobile phase A: 0.1 % TFA in water, mobile phas€Bi3CN (T/%B): 0/20, 0.5/20,
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/minju&int: ACN: WATER (90:10); UV

220.0 nm, retention time 4.2 min.

4.5.1.32. E)-Ethyl 3-(2-(4-methyl-N-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (37k)
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Yield: 73%; white solid; mp: 167-169 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.44 (d,J = 16.0 Hz, 1H), 7.66 (dd] = 7.2, 2.0 Hz, 1H), 7.59
(d,J = 8.4 Hz, 2H), 7.51 (d) = 7.6 Hz, 1H), 7.37-7.27 (m, 6H), 7.23 (= 8.4 Hz,
1H), 7.12-7.06 (m, 1H), 6.35 (d,= 16.0 Hz, 1H), 6.31 (s, 1H), 4.31 @@= 7.2 Hz,
2H), 3.87 (s, 3H), 2.48 (s, 3H), 1.38 {t,= 7.2 Hz, 3H);**C NMR (100 MHz,
CDCls): 166.4, 144.6, 140.7, 139.7, 135.1, 135.0, 13#32.6, 130.5, 130.1, 129.4
(2C), 129.1, 129.0 (2C), 127.3, 125.6, 122.8, 12029.5, 119.9, 109.8, 100.4, 60.6,
30.0, 21.6, 14.3; MS (ES mass): 475.1 (MHAPLC: 99.4%, Column: Symmetry C-
18 75 * 4.6 mm, 3/m, mobile phase A: 0.1 % TFA in water, mobile ph&se
CHsCN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/2@w rate: 1.0 mL/min;
Diluent: ACN: WATER (90:10); UV 220.0 nm, retentidime 4.2 min.

4.5.1.33. E)-Methyl-3-(2-(N-(1-benzyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-methylphenyl)acrylate (31)

(@)
MeO \

Cry
N \Ts

)

Ph

Yield: 84%; white solid; mp: 161-163 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.18 (d,J = 16.0 Hz, 1H), 7.61 (dJ = 8.0 Hz, 2H), 7.56-7.54
(m, 1H), 7.29 (dJ = 8.0 Hz, 3H), 7.13-7.06 (m, 4H), 7.06-6.98 (m, 4654 (d,J =

7.2 Hz, 2H), 6.48 (s, 1H), 6.04 (d= 16.0 Hz, 1H), 5.51 (s, 2H), 3.72 (s, 3H), 2.48
(s, 3H), 2.30 (s, 3H)*C NMR (100 MHz, CDG)): 166.5, 144.6, 140.6, 138.9, 136.9,
136.6, 135.4, 134.6 (2C), 134.3, 131.2, 129.9,4.79C), 129.2 (2C), 128.0 (2C),
127.6, 126.7, 125.9, 125.6 (2C), 122.9, 120.9,2,2019.7, 110.7, 100.8, 51.5, 46.4,
21.7, 21.0MS (ES mass): 551.2 (M+1HPLC: 98.7%, Column: Symmetry C-18 75
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* 4.6 mm, 3.,um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN
(T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20wflaate: 1.0 mL/min; Diluent: ACN:
WATER (90:10); UV 270.0 nm, retention time 4.3 min.

4.5.1.34. E)-Ethyl-3-(2-(N-(1-benzyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-chlorophenyl)acrylate (Fm)

0] Cl
B0\

PR
N \Ts

)

Ph

Yield: 83%; white solid; mp: 135-137 °®; = 0.2 (10% EtOAch-hexane)’H NMR
(400 MHz, CDC}) &: 8.16 (d,J = 16.0 Hz, 1H), 7.62 (d]) = 8.0 Hz, 2H), 7.59-7.54
(m, 1H), 7.41 (s, 1H), 7.31 (d,= 8.0 Hz, 2H), 7.17 (d) = 4.36 Hz, 2H), 7.14-7.06
(m, 3H), 7.05-6.97 (m, 3H), 6.58 (d= 7.2 Hz, 2H), 6.48 (s, 1H), 6.05 (@~ 16.0
Hz, 1H), 5.48 (s, 2H), 4.21 (4,= 7.2 Hz, 2H), 2.48 (s, 3H), 1.33 &= 7.2 Hz, 3H);
3C NMR (100 MHz, CDGJ): 165.7, 144.9, 139.0, 137.3, 136.7, 136.6, 133Q),
134.1, 131.5, 130.0, 129.6 (2C), 129.1, 128.1 (22Y,.0, 126.9 (2C), 126.8, 125.8,
125.4, 123.2,121.4, 121.0, 120.3, 110.6, 101.5,616.1, 21.7, 14.3; MS (ES mass):
585.2 (M+1); HPLC: 97.8%, Column: Symmetry C-18*75.6 mm, 3..um, mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
8/95, 10/20, 12/20; flow rate: 1.0 mL/min; DilueA&CN: WATER (90:10); UV 215.0

nm, retention time 4.6 min.

4.5.1.35. E)-Methyl-3-(2-(N-(1-benzyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-fluorophenyl)acrylate (Fn)
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Yield: 82%; white solid; mp: 139-141 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.12 (d,J = 16.4 Hz, 1H), 7.61 (d) = 8.0 Hz, 2H), 7.58-7.56
(m, 1H), 7.31 (dJ = 8.0 Hz, 2H), 7.23-7.19 (m, 1H), 7.16-7.06 (m, 4AP2 (t,J =
7.2 Hz, 3H), 6.96-6.86 (m, 1H), 6.60 @= 7.6 Hz, 2H), 6.47 (s, 1H), 6.00 (d=
16.4 Hz, 1H), 5.51 (s, 2H), 3.75 (s, 3H), 2.483d); **C NMR (100 MHz, CDGJ):
166.1, 163.2 (C-R = 248.7 Hz), 160.7, 144.9, 139.4, 137.2, 137.%6.83135.0,
134.7, 134.0, 132.1, 132.0, 129.5 (2C), 129.1,1128C), 126.8, 125.8 (2C), 125.4,
123.2, 121.0, 120.9, 120.4, 117.3 (G}E 22.8Hz), 117.1, 113.6 (C-F= 23.5Hz),
113.3, 110.7, 101.0, 51.7, 46.2, 21.7; MS (ES md&).2 (M+1);HPLC: 98.4%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: C¥CN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/86w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 270.0m retention time 4.1 min.

4.5.1.36. E)-Ethyl-3-(2-(N-(1-benzyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-fluorophenyl)acrylate (F0)

@) F

N Ts

)

Ph

Yield: 79%; white solid; mp: 149-151 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.12 (d,J = 16.0 Hz, 1H), 7.62 (d) = 8.4 Hz, 2H), 7.57-7.55
(m, 1H), 7.30 (dJ = 8.0 Hz, 2H), 7.26-7.22 (m, 1H), 7.13-7.07 (m, 4AP2 (t,J =
6.5 Hz, 3H), 6.92-6.87 (m, 1H), 6.60 @z 7.6 Hz, 2H), 6.49 (s, 1H), 6.00 (d=
16.0 Hz, 1H), 5.50 (s, 2H), 4.22 @= 7.2 Hz, 2H), 2.47 (s, 3H), 1.34 (t= 7.2 Hz,
3H); **C NMR (100 MHz, CDG): 165.7, 163.2 (C-B = 250.0 Hz), 160.7, 144.8,
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139.2 (2C), 136.7, 134.9 (2C), 134.7, 134.1, 1226), 129.1 (2C), 128.1 (2C),
126.8, 125.8, 125.4 (2C), 123.2, 121.4, 121.0,3,2017.2 (C-RJ = 20.0 Hz), 117.0,
113.5, 113.3, 110.7, 101.1, 60.5, 46.2, 21.7, 1¥3; (ES mass): 569.1 (M+1);
HPLC: 99.0%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER90Q:10); UV 270.0 nm,

retention time 4.3 min.

45.1.37. E)-Ethyl-3-(2-(N-(1-benzyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-5-bromophenyl)acrylate (3p)

O Br
EtO \

DR
N Ts

)

Ph

Yield: 76%; white solid; mp: 145-147 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDCY) &: 8.09 (d,J = 16.0 Hz, 1H), 7.62 (d] = 8.0 Hz, 2H), 7.66-7.60
(m, 2H), 7.30 (d,J = 8.0 Hz, 3H), 7.13-7.08 (m, 4H), 7.02 Jt= 7.2 Hz, 3H), 6.58
(d,J= 7.6 Hz, 2H), 6.48 (s, 1H), 6.02 (@= 16.0 Hz, 1H), 5.47 (s, 2H), 4.21 @5
7.2 Hz, 2H), 2.48 (s, 3H), 1.33 @,= 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ):
165.7, 144.9, 138.9, 137.8, 136.9, 136.6, 134.4.613134.1, 133.0, 131.7, 130.0
(2C), 129.6 (2C), 129.1 (2C), 128.1, 126.8, 1233%.4 (2C), 123.2, 122.8, 121.4,
121.0, 120.3, 110.6, 101.2, 60.5, 46.1, 21.7, 1M3; (ES mass): 631.1 (M+3);
HPLC: 98.1%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 275.0 nm,

retention time 4.6 min.

4.5.1.38. E)-Ethyl -3-(2-(N-(1-hexyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)phenyl)acrylate (37q)
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Ts

\Hexyl

Yield: 55%;white solid; mp: 125-127 °@; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.45 (d,J = 16.0 Hz, 1H), 7.73 (dd] = 7.6, 2.4 Hz, 1H), 7.63
(d,J= 8.0 Hz, 2H), 7.54 (d) = 8.0 Hz, 1H), 7.42-7.32 (m, 3H), 7.30 5= 8.0 Hz,
2H), 7.26-7.18 (m, 2H), 7.10-7.06 (m, 1H), 6.45J¢, 16.0 Hz, 2H), 4.32 (q] = 7.2
Hz, 2H), 4.13-4.04 (m, 2H), 1.56 (s, 2H), 1.40)(t 7.2 Hz, 3H), 1.32-1.16 (m, 6H),
0.85 (t,J = 6.8 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.3, 144.5, 140.6, 139.0,
134.6, 134.5, 134.1 (2C), 130.5, 130.2, 129.4 (22}®.1 (2C), 128.7, 127.1, 125.7,
122.5,121.0, 119.9, 119.8, 110.0, 100.9, 60.5),48L.5, 29.9, 26.5, 22.4, 21.6, 14.3,
13.9;MS (ES mass): 545.2 (M+1HPLC: 98.9%, Column: Symmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rdt€ mL/min; Diluent: ACN: WATER
(90:10); UV 225.0 nm, retention time 5.1 min.

4.5.1.39. E)-Ethyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)-4-methylphenylsulfonamido)-
5-iodophenyl)acrylate (37r)

ey

N~ °N
(T
Yield: 73%; white solid; mp: 173-175 °C; R 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) &: 8.35 (d,J = 16.0 Hz, 1H), 8.03 (s, 1H), 7.65-7.57 (m, 3H), 7.52
(d,J = 8.0 Hz, 1H), 7.31 (dJ = 8.0 Hz, 3H), 7.23 (t) = 7.2 Hz, 1H), 7.09 (t) =
7.2Hz, 1H), 7.03 (dJ = 8.4 Hz, 1H), 6.41 (dJ = 16.0 Hz, 1H), 6.29 (s, 1H), 4.32 (q,
J=7.2 Hz, 2H), 4.25 (q) = 6.8 Hz, 2H), 2.47 (s, 3H), 1.39 = 7.2 Hz, 3H), 1.21

(t, J= 7.2 Hz, 3H):**C NMR (100 MHz, CDGJ) §: 166.0, 144.8, 139.3, 139.1, 139.0,
136.9, 136.2, 134.1, 133.9, 131.7, 129.5 (2C),11P2C), 125.8, 122.8, 121.3, 121.1,
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119.9, 109.9 (2C), 100.6, 94.5, 60.7, 37.6, 21469,114.3;MS (ES mass): 615.1
(M+1); HPLC: 99.5%, Column: Symmetry C-18 75 * 4.6 mm,u 8% mobile phase
A: 0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/20, 2/20, 10/95, 2095,
22/20, 25/20; flow rate: 1.0 mL/min; Diluent: ACMATER (90:10); UV 225.0 nm,

retention time 4.6 min.

4.5.1.40. E)-Ethyl-3-(5-iodo-2-(4-methylN-(1-methyl-1H-indol-2-
yl)phenylsulfonamido)phenyl)acrylate (37s)

Yield: 68%; white solid; mp: 163-165 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.29 (d,J = 16.0 Hz, 1H), 7.97 (s, 1H), 7.62 (d#i= 8.4, 2.4
Hz, 1H), 7.59 (dy = 8.0 Hz, 2H), 7.50 (d] = 8.0 Hz, 1H), 7.31 (d) = 8.0 Hz, 2H),
7.29 (s, 1H), 7.24 (d] = 8.0 Hz, 1H), 7.12-7.07 (m, 1H), 6.96 @= 8.4 Hz, 1H),
6.33 (d,J = 16.0 Hz, 1H), 6.26 (s, 1H), 4.30 @= 7.2 Hz, 2H), 3.84 (s, 3H), 2.47 (s,
3H), 1.37 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) &: 165.9, 144.8, 139.3
(2C), 139.2, 137.0, 136.3, 135.1, 134.4, 134.3,8,3129.5 (2C), 129.0 (2C), 125.5,
122.9,121.7, 120.9, 120.0, 109.8, 100.4, 94.77,680.0, 21.6, 14.3; MS (ES mass):
601.1 (M+1); HPLC: 96.1%, Column: Symmetry C-18*78.6 mm, 3.,um, mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 2/20, 10/95,
20/95, 22/20, 25/20; flow rate: 1.0 mL/min; Dilue®CN: WATER (90:10); UV
220.0 nm, retention time 4.6 min.

4.5.1.41. E)-Ethyl 3-(2-(N-(5-bromo-1-methyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)-3,5-dimethylphenyl)acrylae (37t)
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EtO
d N\
A\

Br
Ty
N Ts

\

Yield: 84%:; pink solid; mp: 213-215 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) s: 8.06 (d,J = 16.0 Hz, 1H), 7.72 (d) = 8.4 Hz, 2H), 7.62 (s,
1H), 7.32-7.26 (m, 3H), 7.24 (s, 1H), 7.12 (s, 1AHP3 (d,J = 8.8 Hz, 1H), 6.62 (s,
1H), 6.25 (dJ = 16.0 Hz, 1H), 4.34-4.14 (m, 2H), 3.50 (s, 3H), 2(873H), 2.41 (s,
3H), 2.33 (s, 3H), 1.34 (1) = 7.2 Hz, 3H);**C NMR (100 MHz, CDGCJ): 166.4,
144.7, 141.9, 139.7, 139.0, 135.6, 135.4, 135.4,9334.8, 133.7, 129.6 (2C), 128.9
(20), 127.2, 126.1, 125.1, 123.1, 119.6, 113.0,9,1000.3, 60.4, 30.8, 21.6, 20.9,
20.5, 14.4MS (ES mass): 581.1 (M+1HPLC: 98.4%, Column: Symmetry C-18 75
* 4.6 mm, 3.;,um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN
(T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 12/86w rate: 1.0 mL/min; Diluent:
ACN: WATER (80:20); UV 230.0 nm, retention timel5nin.

45.1.42. E)-Ethyl 3-(2-(N-(5-methoxy-1-methyl-H-indol-2-yl)-4-
methylphenylsulfonamido)-4-methylphenyl)acrylate (Fu)

EtO

L IO
mN‘TS

\

Yield: 87%; white solid; mp: 180-182 °®; = 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.35 (d,J= 16.0 Hz, 1H), 7.62 (d] = 8.2 Hz, 2H), 7.55 (d] =
8.0 Hz, 1H), 7.31 (t) = 8.0 Hz, 2H), 7.20-7.12 (m, 2H), 7.06 (s, 1H), 6(88 = 4.3
Hz, 1H), 6.90 (ddJ = 8.8, 2.4Hz, 1H), 6.36-6.26 (m, 2H), 4.29 o5 7.2 Hz, 2H),
3.81 (s, 3H), 3.80 (s, 3H), 2.46 (s, 3H), 2.303(d), 1.37 (t,J = 7.2 Hz, 3H);*C
NMR (100 MHz, CDCJ): 166.6, 154.2, 144.5, 141.2, 140.6, 139.4, 135%34.6,
131.8, 130.7, 130.3, 129.9, 129.3 (2C), 129.0 (227,0, 125.8, 119.3, 113.2, 110.7,
102.3, 100.1, 60.5, 55.7, 30.1, 21.7, 21.3, 1MS;(ES mass): 519.2 (M+1HPLC:
94.5%, Column: Symmetry C-18 75 * 4.6 mm, 81 mobile phase A: 0.1 % TFA in
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water, mobile phase B: GBN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 212/
flow rate: 1.0 mL/min; Diluent: ACN: WATER (80:20)yJV 230.0 nm, retention time
4.2 min.

4.5.1.43. E)-Ethyl-3-(2-(N-(6-chloro-1-methyl-1H-indol-2-yl)-4-
methylphenylsulfonamido)phenyl)acrylate (37v)

EtO

ONQ
JORS
Cl N \TS

Yield: 82%; white solid; mp: 157-159 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.38 (d,J = 16.0 Hz, 1H), 7.69 (ddl = 7.2, 2.0 Hz, 1H),), 7.57
(d,J= 8.0 Hz, 2H), 7.41 (d) = 8.4 Hz, 1H), 7.38-7.32 (m, 2H), 7.30 5= 8.0 Hz,
2H), 7.27 (s, 1H), 7.26-7.22 (m, 1H), 7.05 (dd; 8.4, 2.0 Hz, 1H), 6.35 (d,= 16.0
Hz, 1H), 6.31 (s, 1H), 4.30 (d,= 7.2 Hz, 2H), 3.82 (s, 3H), 2.47 (s, 3H), 1.38)(%
7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 166.3, 144.8, 140.6, 139.4, 135.6, 135.4,
134.9, 134.3, 130.6, 130.1, 129.5 (2C), 129.2,Ap8C), 128.7, 127.4, 124.1, 121.9,
120.7 (2C), 109.8, 100.6, 60.6, 30.2, 21.7, 14.8; (@S mass): 509.2 (M+1HPLC:
98.4%, Column: Symmetry C-18 75 * 4.6 mm, 815 mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 2B/
flow rate: 1.0 mL/min; Diluent: ACN: WATER (80:20)yJV 230.0 nm, retention time

4.5 min.

—

4.5.1.44. Typical procedure for synthesis of metha-(6-ethyl-2-methyl-6H-
indolo[2,3-b]quinolin-11-yl)acetate (38a)

OMe
o | Pd(OAC),
Ql CU(OAC)2
)N N TFA, CHyCN
Ts 60 9C, 5-7h
37a
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(E)-Methyl-3-(2-(N-(1-ethyl-1H-indol-2-yl)-4-methylphenylsulfonamido)-5-
methylphenyl)acrylate 37a) 0.20 mmol), Pd (OAg)(5 mol%), Cu(OAc) (0.30
mmol), TFA (0.24 mmol) and G&N (2.5 mL) was heated at 60 °C in air for 5h. The
progress of the reaction was monitored by TLC. Aftempletion of the reaction,
reaction mixture was cooled to RT, diluted withythcetate (15 mL) and passed
through celite. The resulting solution was washét water (3 x 15 mL) followed by
brine solution (25 mL), dried over anhydrous 8@, and concentrated under
reduced pressure. The residue was purified by aolahmomatography using ethyl

acetate—hexane to give desired compo®@8a)

Yield: 86%; light yellow solid; mp: 183-186 °®; = 0.2 (10% EtOAch-hexane)H
NMR (400 MHz, CDCY) 6: 8.29 (d,J = 8.0 Hz, 1H), 8.05 (d) = 8.4 Hz, 1H), 7.99
(s, 1H), 7.60-7.55 (m, 2H), 7.46 @@= 8.0 Hz, 1H), 7.31 (t) = 7.6 Hz, 1H), 4.69 (s,
2H), 4.60 (gJ = 7.2 Hz, 2H), 3.69 (s, 3H), 2.61 (s, 3H), 1.5Q( 7.2 Hz, 3H):**C
NMR (100 MHz, CDC}) &: 170.4, 151.2, 145.2, 141.9, 132.8, 132.6, 13028.0,
127.6, 123.5, 123.4, 122.6, 120.6, 119.7, 117.8,71.(62.4, 35.9, 34.8, 21.8, 13.6;
MS (ES mass): 333.1 (M+1HPLC: 99.0%, Column: Symmetry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B): 0/20,
0.5/20, 2/95, 8/95, 10/20, 12/20; flow rate: 1.0/min; Diluent: ACN: WATER
(90:10); UV 230.0 nm, retention time 3.0 min.

4.5.1.45. Ethyl-2-(6-ethyl-2-methyl-61-indolo[2,3-b]quinolin-11-yl)acetate (38b)

EtO

Osas
\

Compound 88b) was synthesized fron37b) following a procedure similar to that of

compound 88a)

Yield: 89%:; yellow solid; mp: 285-287 °G¥ = 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCY) 6: 8.31 (d,J = 8.0 Hz, 1H), 8.05 (dJ = 8.8 Hz, 1H), 8.01
(s, 1H), 7.61-7.54 (m, 2H), 7.46 @@= 8.0 Hz, 1H), 7.30 (tJ = 8.0 Hz, 1H), 4.68 (s,
2H), 4.60 (qJ = 7.2 Hz, 2H), 4.18 (¢J = 7.2 Hz, 2H), 2.61 (s, 3H), 1.50 @t= 7.2
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Hz, 3H), 1.20 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDG) & 169.9, 151.2,
145.2, 141.9, 133.0, 132.5, 130.8, 127.9, 127.6.5122C), 122.8, 120.6, 119.6,
117.1, 108.6, 61.3, 35.9, 35.0, 21.8, 14.1, 13.6; (@S mass): 347.1 (M+1); HPLC:
96.4%, Column: Symmetry C-18 75 * 4.6 mm, 81§ mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/86w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV78.0 nm, retention time 3.2

min.

4.5.1.46. Ethyl-2-(6-ethyl-2-fluoro-&1-indolo[2,3-b]quinolin-11-yl)acetate (38c)

EtO
O
F
Ssee
"

Compound 88c)was synthesized fron87c) following a procedure similar to that of

compound 88a)

Yield: 78%; orange solid; mp: 133-135 °C; R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}) s: 8.35 (d,J = 7.6 Hz, 1H), 8.13 (dd] = 9.2, 5.6 Hz, 1H),
7.88 (dd,J = 10.8, 2.7 Hz, 1H), 7.65-7.57 (m, 1H), 7.53-7.46 @H), 7.35-7.31 (m,
1H), 4.63 (s, 2H), 4.62 (§,= 7.2 Hz, 2H), 4.19 (¢ = 7.2 Hz, 2H), 1.51 (t)= 7.2
Hz, 3H), 1.22 (tJ = 7.2 Hz, 3H);*C NMR (100 MHz, CDGCJ) &: 169.5, 151.2,
143.6, 142.1, 132.9, 130.2 (CI= 8.8 Hz), 130.1, 128.1, 123.8 (3C), 120.1, 119.8,
118.6 (C-FJ = 25.6 Hz), 118.3, 117.7, 108.7, 107.5 (Q-E 22.9 Hz), 107.3, 61.5,
35.2, 29.6, 14.1, 13.5MS (ES mass): 351.2 (M+1)HPLC: 93.4%, Column:
Symmetry C-18 75 * 4.6 mm, i/, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2dw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 225.0 nmetention time 3.8 min.

4.5.1.47. Methyl-2-(6-ethyl-2-fluoro-&1-indolo[2,3-b]quinolin-11-yl)acetate (38d)
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OMe
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Compound 38d) was synthesized fron87d) following a procedure similar to that of

compound 88a)

Yield: 52%: off white solid; mp: 163-175 °CR; = 0.2 (10% EtOAch-hexane);'H
NMR (400 MHz, CDC}J) &: 8.32 (d,J = 8.0 Hz, 1H), 8.13 (dd] = 9.2, 5.6 Hz, 1H),
7.86 (dd,J = 10.6, 2.6 Hz, 1H), 7.61 (§,= 7.2 Hz, 1H), 7.55-7.44 (m, 2H), 7.33 {t,
= 7.6 Hz, 1H), 4.64 (s, 2H), 4.59 @7 7.2 Hz, 2H), 3.70 (s, 3H), 1.50 &= 7.2 Hz,
3H); *C NMR (100 MHz, CDGJ) &: 170.0, 159.8 (C-B = 241.6 Hz), 157.4, 151.2,
143.6, 142.1, 132.7 (2C), 130.2 (CI~= 8.8 Hz), 130.2, 128.2, 123.8 (2C), 120.0,
119.9, 118.6 (C-B = 25.6 Hz), 118.4, 108.8, 107.4 (CIE 22.8 Hz), 107.2, 52.5,
36.0, 35.0, 13.5; MS (ES mass): 337.2 (M+1); HPRE.7%, Column: Symmetry C-
18 75 * 4.6 mm, 3/m, mobile phase A: 0.1 % TFA in water, mobile ph&se
CHsCN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/2@w rate: 1.0 mL/min;
Diluent: ACN: WATER (90:10); UV 275.0 nm, retentidime 3.8 min.

4.5.1.48. Methyl-2-(2-bromo-6-ethyl-61-indolo[2,3-b]quinolin-11-yl)acetate (38e)

Compound 88e)was synthesized fron87{e)following a procedure similar to that of
compound 88a)

Yield: 80%; white solid; mp: 186-189 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.37 (s, 1H), 8.30 (d1 = 8.0 Hz, 1H), 8.01 (d] = 8.8 Hz, 1H),
7.77 (ddJ = 9.0, 2.0 Hz, 1H), 7.61 (8= 7.6 Hz, 1H), 7.48 (d) = 8.0 Hz, 1H), 7.34
(t, J= 7.2 Hz, 1H), 4.65 (s, 2H), 4.55 (§= 7.2 Hz, 2H), 3.71 (s, 3H), 1.51 @t,=

7.2 Hz, 3H);™*C NMR (100 MHz, CDGJ) 6:169.9, 151.6, 145.3, 142.1, 132.5, 131.7,
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129.9, 128.2, 126.0, 124.7, 123.8, 120.2, 120.7,8,1116.5, 108.9, 52.6, 36.0, 34.7,
13.5; MS (ES mass): 399.1 (M+3); HPLC: 99.5%, Calu@ymmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow radt& mL/min; Diluent: ACN: WATER
(90:10); UV 225.0 nm, retention time 4.0 min.

4.5.1.49. Ethyl-2-(2-bromo-6-ethyl-6i-indolo[2,3-b]quinolin-11-yl)acetate (38f)

Compound 88f) was synthesized fron8Tf) following a procedure similar to that of
compound 88a)

Yield: 88%:; yellow solid; mp: 187-189 °G¥ = 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC})) 6: 8.39 (s, 1H), 8.32 (d] = 8.0 Hz, 1H), 8.01 (dJ = 8.8
Hz, 1H), 7.77 (dd) = 8.8, 2.4 Hz, 1H), 7.64-7.57 (m, 1H), 7.47 & 8.0 Hz, 1H),
7.34-7.30 (m, 1H), 4.63 (s, 2H), 4.58 (o= 7.2 Hz, 2H), 4.19 (¢) = 7.2 Hz, 2H),
1.50 (t,J = 7.2 Hz, 3H), 1.22 (tJ = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) :
169.4, 151.6, 145.2, 142.1, 132.7, 131.7, 129.8.212126.2, 124.8, 123.8, 120.2,
120.0, 117.8, 116.4, 108.9, 61.5, 36.0, 35.0, 14315; MS (ES mass): 411.1 (M+1);
HPLC: 99.2%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER90Q:10); UV 275.0 nm,

retention time 4.3 min.

4.5.1.50. Methyl-2-(2,6-dimethyl-61-indolo[2,3-b]quinolin-11-yl)acetate (389)

0]

OMe
8 94
N\N
/
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Compound 88g) was synthesized fron87g) following a procedure similar to that of
compound 88a)

Yield: 75%; yellow floppy solid; mp: 208-210 °®; = 0.2 (10% EtOAch-hexane);
'H NMR (400 MHz, CDCJ) §: 8.28 (d,J = 8.0 Hz, 1H), 8.06 (dJ = 8.8 Hz, 1H),
7.99 (s, 1H), 7.61-7.56 (m, 2H), 7.44 ®= 8.0 Hz, 1H), 7.32 (tJ = 7.2 Hz, 1H),
4.70 (s, 2H), 3.99 (s, 3H), 3.69 (s, 3H), 2.613(4); 1°C NMR (100 MHz, CDGJ) &:
170.4, 151.9, 145.1, 142.9, 132.9, 132.7, 130.9,8,2127.7, 123.4, 123.3, 122.7,
120.4, 119.9, 117.1, 108.5, 52.4, 34.8, 27.6, 2M8; (ES mass): 319.2 (M+1);
HPLC: 98.0%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 225.0 nm,

retention time 2.9 min.

4.5.1.51. Ethyl-2-(2,6-dimethyl-61-indolo[2,3-b]quinolin-11-yl)acetate (38h)

0]

OEt
a 8¢
N\N
/

Compound 88h) was synthesized fron87h) following a procedure similar to that of
compound 88a)

Yield: 82%:; yellow solid; mp: 145-147 °G = 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCY) 6: 8.31 (d,J = 8.0 Hz, 1H), 8.05 (dJ = 8.8 Hz, 1H), 8.01
(s, 1H), 7.61-7.55 (m, 2H), 7.44 @@= 8.0 Hz, 1H), 7.32 (t) = 8.0 Hz, 1H), 4.68 (s,
2H), 4.17 (qJ = 7.2 Hz, 2H), 3.99 (s, 3H), 2.61 (s, 3H), 1.190(t 7.2 Hz, 3H):**C
NMR (100 MHz, CDC}) &: 169.8, 151.9, 145.1, 142.9, 133.2, 132.6, 13029.7,
128.9, 127.8, 127.7, 123.4, 122.8, 119.8, 117.8,5,061.3, 35.0, 27.6, 21.8, 14.1,
MS (ES mass): 333.2 (M+1HPLC: 94.8%, Column: Symmetry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B): 0/20,
0.5/20, 2/95, 8/95, 10/20, 12/20; flow rate: 1.0/min; Diluent: ACN: WATER
(90:10); UV 225.0 nm, retention time 3.0 min.

45.1.52. Methyl-2-(2-chloro-6-methyl-61-indolo[2,3-b]quinolin-11-yl)acetate
(38i)
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Compound 88i) was synthesized fron87i) following a procedure similar to that of
compound 88a)

Yield: 85%; white solid; mp: 167-169 °®; = 0.2 (10% EtOAch-hexane)H NMR
(400 MHz, CDC}) 6: 8.29 (d,J = 8.0 Hz, 1H), 8.20 (s, 1H), 8.08 (@= 8.8 Hz, 1H),
7.66 (dd,J = 8.8, 2.4 Hz, 1H), 7.63-7.60 (m, 1H), 7.45 J& 8.0 Hz, 1H), 7.36-7.32
(m, 1H), 4.65 (s, 2H), 3.98 (s, 3H), 3.70 (s, 3t NMR (100 MHz, CDGJ) &:
169.8, 152.2, 145.0, 143.1, 132.7, 129.6, 129.8,7,2128.3, 124.1, 123.6, 122.8,
120.3, 120.0, 117.8, 108.8, 52.6, 34.8, 27.6; MS (&ass): 339.0 (M+1}PLC:
96.4%, column: Symmetry C-18 250 x 4.6 mmnf mobile phase A: 5 mm
Ammonium Acetate in water, mobile phase B: 4N, gradient (T/%B): 0/20, 3/20,
12/95, 23/95, 25/20, 30/20; flow rate: 1.0 mL/misy 260 nm, retention time 14.4

min.

4.5.1.53. Methyl-2-(2-bromo-6-methyl-81-indolo[2,3-b]quinolin-11-yl)acetate
(38)

Compound 88)) was synthesized fron8Tj) following a procedure similar to that of
compound 88a)

Yield: 77%; light green solid; mp: 201-203 °B; = 0.2 (10% EtOAch-hexane);H
NMR (400 MHz, CDC})) 6: 8.37 (s, 1H), 8.29 (d] = 8.0 Hz, 1H), 8.02 (dJ = 8.8
Hz, 1H), 7.78 (ddJ = 8.8, 2.4 Hz, 1H), 7.66-7.60 (m, 1H), 7.46 Jd& 8.0 Hz, 1H),
7.35 (t,J = 7.6 Hz, 1H), 4.65 (s, 2H), 3.99 (s, 3H), 3.71 (4):3°C NMR (100 MHz,
CDCl;) 6:169.8, 152.3, 145.2, 143.1, 132.6, 131.8, 1298,3, 126.1, 124.7, 123.6,
120.4, 120.0, 117.8, 116.6, 108.8, 52.6, 34.7,;2M8 (ES mass): 385.0 (M+3);
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HPLC: 98.8%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9Q:10); UV 280.0 nm,

retention time 3.8 min.

4.5.1.54. Ethyl-2-(6-methyl-61-indolo[2,3-b]quinolin-11-yl)acetate (38Kk)

Compound 88k) was synthesized fron8TKk) following a procedure similar to that of
compound 88a)

Yield: 84%:; off white solid; mp: 145-147 °C;R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}) 6: 8.33 (d,J = 8.0 Hz, 1H), 8.27 (d) = 8.0 Hz, 1H), 8.16
(d,J= 8.4 Hz, 1H), 7.75-7.71 (m, 1H), 7.61 {t= 8.0 Hz, 1H), 7.54-7.50 (m, 1H),
7.45 (d,J = 8.4 Hz, 1H), 7.33 (1) = 7.2 Hz, 1H), 4.70 (s, 2H), 4.16 (4= 7.2 Hz,
2H), 4.01 (s, 3H), 1.18 (f] = 7.2 Hz, 3H);**C NMR (100 MHz, CDG)) §:169.7,
152.2, 146.7, 143.0, 133.9, 128.6, 128.0, 127.9,9,2123.6, 123.5, 123.1, 120.4,
120.0, 117.2, 108.6, 61.4, 35.1, 27.6, 14.1; MS (&Esss): 319.2 (M+1)HPLC:
99.5%, Column: Symmetry C-18 75 * 4.6 mm, 81 mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20, 25/86w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV78.0 nm, retention time 3.2

min.

4.5.1.55. Methyl-2-(6-benzyl-2-methyl-A-indolo[2,3-b]quinolin-11-yl)acetate
(3810)
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Compound 88l) was synthesized fron87l) following a procedure similar to that of
compound 88a)

Yield: 89%; yellow solid; mp: 202-204 °CR; = 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC}J) &: 8.29 (d,J = 7.6 Hz, 1H), 8.06 (t) = 8.4 Hz, 1H), 8.02 (s,
1H), 7.57 (ddJ = 8.6, 1.6 Hz, 1H), 7.51-7.44 (m, 1H), 7.33-7.27 GH), 7.24-7.19
(m, 2H), 5.77 (s, 2H), 4.71 (s, 2H), 3.71 (s, 3RIB2 (s, 3H);*C NMR (100 MHz,
CDCl) &: 170.4, 151.7, 145.2, 142.1, 137.2, 133.0, 13239,9, 128.6 (2C), 128.1,
127.7,127.2, 127.1 (2C), 123.7, 123.4, 122.7,71,2120.1, 117.0, 109.5, 52.5, 44.8,
34.8, 21.9; MS (ES mass): 395.2 (M+1); HPLC: 97.86lumn: Symmetry C-18 75
* 4.6 mm, 3.;um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN
(T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20wfleate: 1.0 mL/min; Diluent: ACN:
WATER (90:10); UV 275.0 nm, retention time 3.8 min.

4.5.1.56. Ethyl-2-(6-benzyl-2-chloro-A-indolo[2,3-b]quinolin-11-yl)acetate (38m)

Ph

Compound 88m) was synthesized fron8{m) following a procedure similar to that
of compound 8a)

Yield: 75%:; yellow solid; mp: 154-156 °Q%; = 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC})) 6: 8.33 (d,J = 8.0 Hz, 1H), 8.25 (s, 1H), 8.07 (d~= 8.8
Hz, 1H), 7.65 (dd) = 8.8, 2.4 Hz, 1H), 7.51 (1 = 8.0 Hz, 1H), 7.34-7.27 (m, 6H),
7.24-7.22 (m, 1H), 5.77 (s, 2H), 4.66 (s, 2H), 4@V = 7.2 Hz, 2H), 1.23 ()= 7.2
Hz, 3H); **C NMR (100 MHz, CDGJ) &: 169.4, 152.2, 145.1, 142.3, 137.0, 133.0,
129.8, 129.3, 128.8, 128.6 (2C), 128.3, 127.4,192C), 124.5, 123.7, 122.9, 120.4,
120.3, 117.7, 109.7, 61.6, 44.9, 35.1, 14.1; MS (&Sss): 429.2 (M+1)HPLC:
94.1%, Column: Symmetry C-18 75 * 4.6 mm, 81§ mobile phase A: 0.1 % TFA in
water, mobile phase B: GBN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/806w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV78.0 nm, retention time 4.6

min.
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45.1.57. Methyl-2-(6-benzyl-2-fluoro-6l-indolo[2,3-b]quinolin-11-yl)acetate
(38n)

Compound 88n) was synthesized fron37n) following a procedure similar to that of
compound 88a)

Yield: 81%:; yellow solid; mp: 171-173 °C;;R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDCJ) &: ppm 8.33 (d,J = 7.6 Hz, 1H), 8.13 (ddJ = 9.2, 5.6 Hz,
1H), 7.88 (dd,) = 10.4, 2.8 Hz, 1H), 7.54-7.49 (m, 2H), 7.36-7.27 @H), 7.25-7.22
(m, 1H), 5.77 (s, 2H), 4.66 (s, 2H), 3.72 (s, 3t NMR (100 MHz, CDG)) &:
170.0, 143.6, 142.3, 137.0, 136.6, 130.4 (C+8.8 Hz), 130.3, 128.7, 128.6, 128.2,
127.3, 127.1, 123.7, 123.6, 120.7, 120.3, 120.8,711118.5 ( C-RJ = 25.5 Hz),
117.6, 109.6, 107.7, 107.5, 107.2, 52.6, 44.8,;36I8 (ES mass): 399.1 (M+1);
HPLC: 93.7%, Column: Symmetry C-18 75 * 4.6 mm 85 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER90Q:10); UV 275.0 nm,

retention time 4.1 min

4.5.1.58. Ethyl 2-(6-benzyl-2-fluoro-Bl-indolo[2,3-b]quinolin-11-yl)acetate (380)

Compound380)was synthesized fron870) following a procedure similar to that of
compound 88a)

Yield: 83%; yellow solid; mp: 174-176 °C;;R 0.2 (10% EtOAch-hexane);'H
NMR (400 MHz, CDC}) 5: 8.34 (d,J = 8.0 Hz, 1H), 8.12 (dd] = 9.2, 5.6 Hz, 1H),
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7.90 (dd,J = 10.4, 2.4 Hz, 1H), 7.52-7.47 (m, 2H), 7.34-7.28 @H), 7.25-7.20 (m,
1H), 5.75 (s, 2H), 4.64 (s, 2H), 4.20 (b 7.2 Hz, 2H), 1.22 (t) = 7.2 Hz, 3H):**C
NMR (100 MHz, CDC}) 6:169.5, 151.8, 143.6, 142.4, 137.1, 133.2, 13030.3,
128.6 (2C), 128.2, 127.3, 127.1, 123.7, 120.3, 2,2018.7, 118.4, 117.7, 109.6,
107.6, 107.3, 61.5, 44.8, 35.3, 14.1; MS (ES ma&s3.2 (M+1); HPLC: 93.3%,
Column: Symmetry C-18 75 * 4.6 mm, gri, mobile phase A: 0.1 % TFA in water,
mobile phase B: CECN (T/%B): 0/20, 2/20, 10/95, 20/95, 10/20, 25/86w rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 275.0m retention time 4.2 min.

4.5.1.59. Ethyl 2-(6-benzyl-2-bromo-8-indolo[2,3-b]quinolin-11-yl)acetate (38p)

Compound 88p) was synthesized fron37p) following a procedure similar to that of

compound 88a)

Yield: 77%:; yellow solid; mp: 166-168 °C;;R 0.2 (10% EtOAch-hexane);*H
NMR (400 MHz, CDC})) 6: 8.42 (s, 1H), 8.33 (d] = 8.0 Hz, 1H), 8.01 (dJ = 9.2
Hz, 1H), 7.77 (ddJ = 8.8, 2.4 Hz, 1H), 7.51 (1 = 8.0 Hz, 1H), 7.39-7.28 (m, 6H),
7.24-7.21 (m, 1H), 5.77 (s, 2H), 4.66 (s, 2H), 4@V = 7.2 Hz, 2H), 1.24 (1)= 7.2
Hz, 3H); *C NMR (100 MHz, CDGJ) &: 169.4, 145.3, 142.3, 136.9, 133.0, 131.8,
130.1, 130.0, 128.7, 128.6, 128.3, 127.4, 127.6,202125.1, 123.7, 120.4, 120.3,
117.7, 116.7, 109.9, 109.7, 61.6, 44.9, 35.1, 1M$; (ES mass): 473.1 (M+1);
HPLC: 90.1%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GAN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER90Q:10); UV 225.0 nm,

retention time 4.8 min.

4.5.1.60. Ethyl 2-(6-hexyl-Bi-indolo[2,3-b]quinolin-11-yl)acetate (38q)
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OEt
O
Se¢ g
NTON
Hexyl

Compound 88q) was synthesized fron87q) following a procedure similar to that of
compound 88a)

Yield: 67%; light yellow solid; mp: 132-135 °C; R 0.2 (10% EtOAch-hexane)}H
NMR (400 MHz, CDCY) 6: 8.34 (d,J = 8.0 Hz, 1H), 8.27 (d) = 7.6 Hz, 1H), 8.15
(d,J=8.8 Hz, 1H), 7.75-7.70 (m, 1H), 7.62-7.56 (m, 1HR3-7.59 (M, 1H), 7.46 (d,
J= 8.0 Hz, 1H), 7.33-7.30 (m, 1H), 4.70 (s, 2H), 4661 (t,J = 7.2 Hz, 2H), 4.18
(q,J = 7.2 Hz, 2H), 2.00-1.90 (m, 2H), 1.46 (db;s 10.53, 5.83 Hz, 2H), 1.41-1.35
(m, 2H), 1.33-1.29 (m, 2H), 1.19 @,= 7.2 Hz, 3H), 0.88 (tJ = 7.2 Hz, 3H);**C
NMR (100 MHz, CDC}) &: 169.8, 152.0, 146.7, 142.4, 133.6, 128.4, 12823.7,
123.9, 123.6, 123.0, 120.5, 119.7, 117.1, 109.8,9,061.3, 41.3, 35.1, 31.5, 28.3,
26.7, 225, 14.1, 14.0; MS (ES mass): 389.2 (MHRLC: 91.6%, Column:
Symmetry C-18 75 * 4.6 mm, i/, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2dw rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nmetention time 4.0 min.

4.5.1.61. Ethyl 2-(6-ethyl-2-iodo-A-indolo[2,3-b]quinolin-11-yl)acetate (38r)

o)

O/\
/'
N\N
N

Compound 88r) was synthesized fron87r) following a procedure similar to that of
compound 88a)

Yield: 72%; light yellow solid; mp: 159-161 °C;R 0.2 (10% EtOAch-hexane)H
NMR (400 MHz, CDCY) 6: 8.60 (s, 1H), 8.32 (d] = 8.0 Hz, 1H), 7.93 (dd] = 8.8,
1.6 Hz, 1H), 7.87 (dJ = 8.8 Hz, 1H), 7.65-7.57 (m, 1H), 7.47 (@= 8.4 Hz, 1H),
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7.36-7.29 (m, 1H), 4.63 (s, 2H), 4.59 (Iu= 7.2 Hz, 2H), 4.20 (q) = 7.2 Hz, 2H),
1.50 (t,J = 7.2 Hz, 3H), 1.23 (tJ = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) :
169.4, 145.6, 142.1, 139.8, 136.9, 132.8, 132.6,(13128.2, 125.5, 123.8, 120.3,
120.1, 117.6, 108.9, 87.3, 61.5, 36.0, 35.0, 14315; MS (ES mass): 459.1 (M+1);
HPLC: 96.7%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GEAN (T/%B): 0/20, 2/20, 10/95, 20/95, 22/20,
25/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER9(Q:10); UV 280.0 nm,

retention time 4.3 min.

4.5.1.61. Ethyl 2-(2-iodo-6-methyl-B-indolo[2,3-b]quinolin-11-yl)acetate (38s)

Compound 88s)was synthesized fron87s)following a procedure similar to that of

compound 88a)

Yield: 69%; light yellow solid; mp: 167-171 °C;R 0.2 (10% EtOAch-hexane)H
NMR (400 MHz, CDC}) &: 8.60 (s, 1H), 8.31 (dl = 8.0 Hz, 1H), 7.98-7.91 (m, 1H),
7.88 (d,J = 8.8 Hz, 1H), 7.61 (dJ = 8.0 Hz, 1H), 7.45 (dJ = 8.0 Hz, 1H), 7.37-7.31
(m, 1H), 4.63 (s, 2H), 4.19 (4,= 7.2 Hz, 2H), 3.99 (s, 3H), 1.22 = 7.2 Hz, 3H);

¥C NMR (100 MHz, CDGCJ) &: 169.3, 152.3, 145.6, 143.1, 137.0, 132.9, 132.7,
129.8, 128.3, 125.5, 123.6, 120.3, 120.1, 117.8,8.(87.4, 61.5, 35.0, 27.6, 14.1;
MS (ES mass): 445.1 (M+1); HPLC: 91.3%, Column: 8etry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % TFA in water, mobile phBs€H;CN (T/%B): 0/20,
2/20, 10/95, 20/95, 22/20, 25/20; flow rate: 1.0/min; Diluent: ACN: WATER
(90:10); UV 280.0 nm, retention time 4.2 min.

4.5.1.62. Ethyl 2-(9-bromo-2,4,6-trimethyl-61-indolo[2,3-b]quinolin-11-yl)acetate
(38t)
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Compound 88t) was synthesized fron87t) following a procedure similar to that of
compound 88a)

Yield: 87%:; yellow solid;mp: 213-215 °CR; = 0.2 (20% EtOAch-hexane);*H
NMR (400 MHz, CDC}) &: 8.40 (s, 1H), 7.86 (s, 1H), 7.66 (dbx 8.8, 2.0 Hz, 1H),
7.46 (s, 1H), 7.29 (d] = 8.8 Hz, 1H), 4.60 (s, 2H), 4.18 (= 7.2 Hz, 2H), 3.96 (s,
3H), 2.85 (s, 3H), 2.56 (s, 3H), 1.23 {t,= 7.2 Hz, 3H);**C NMR (100 MHz,
CDCl3): 169.7, 150.6, 144.4, 141.4, 135.4, 133.8, 13233,.4, 129.9, 125.9, 123.2,
122.0, 120.6, 115.3, 112.1, 109.6, 61.4, 35.1,,27138, 18.3, 14.1; MS (ES mass):
425.1 (M+1); HPLC: 99.7%, Column: Symmetry C-18*75.6 mm, 3..um, mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/20, 0.5/20, 2/95,
10/95, 10.5/20, 12/20; flow rate: 1.0 mL/min; DiieACN: WATER (80:20); UV
285.0 nm, retention time 5.7 min.

4.5.1.63. Ethyl 2-(9-methoxy-3,6-dimethyl48-indolo[2,3-b]quinolin-11-yl)acetate
(38u)

EtO
Sap®
N N

/

Compound 88u) was synthesized fron37u) following a procedure similar to that of
compound 88a)

Yield: 84%; white solid; mp: 180-182 °C; R 0.2 (20% EtOAch-hexane)H NMR
(400 MHz, CDC}) §: 8.15 (d,J = 8.8 Hz, 1H), 7.91-7.89 (m, 2H), 7.33 #= 8.4
Hz, 2H), 7.21 (ddJ = 8.8, 2.8 Hz, 1H), 4.64 (s, 2H), 4.16 (t 7.2 Hz, 2H), 3.96 (s,
6H), 2.60 (s, 3H), 1.18 (t) = 7.2 Hz, 3H);**C NMR (100 MHz, CDG): 169.8,
154.1, 152.6, 147.0, 139.0, 137.5, 133.8, 127.5.22123.7, 121.4, 120.9, 116.5,
115.1, 108.8, 108.2, 61.4, 56.2, 35.1, 27.6, 21471; MS (ES mass): 363.2 (M+1);
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HPLC: 99.5%, Column: Symmetry C-18 75 * 4.6 mm,uBn5 mobile phase A: 0.1 %
TFA in water, mobile phase B: GEAN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER8Q:20); UV 230.0 nm,

retention time 3.6 min.

4.5.1.64. Ethyl 2-(8-chloro-6-methyl-6H-indolo[2,3]quinolin-11-yl)acetate (38v)

EtO
o
o~ I
7
N N
/

Compound 88v) was synthesized fron37v) following a procedure similar to that of
compound 88a)

Yield: 81%; off white solid; mp: 173-175 °C; R 0.2 (20% EtOAch-hexane);'H
NMR (400 MHz, CDCY) 6: 8.27 (d,J = 8.4 Hz, 1H), 8.22 (d) = 8.4 Hz, 1H), 8.15
(d,J = 8.4 Hz, 1H), 7.76-7.72 (m, 1H), 7.54 {t= 7.2 Hz, 1H), 7.42 (s, 1H), 7.29
(dd,J = 8.4, 2.0 Hz, 1H), 4.64 (s, 2H), 4.15 (= 7.2 Hz, 2H), 3.97 (s, 3H), 1.17 (t,
J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ): 169.5, 152.2, 146.6, 143.5, 133.8,
133.7,128.9, 128.1, 124.1, 123.9, 123.4, 120.2,8,1116.4, 109.9, 108.8, 61.4, 35.0,
27.6, 14.1; MS (ES mass): 353.1 (M+1); HPLC: 98.&6lumn: Symmetry C-18 75
* 4.6 mm, 3.;um, mobile phase A: 0.1 % TFA in water, mobile ph&eCH;CN
(T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 12/86w rate: 1.0 mL/min; Diluent:
ACN: WATER (80:20); UV 270.0 nm, retention timeé3nin.

4.5.2.Pharmacology
4.5.2.1. Sulphorhodamine B (SRB) Assay:

The principle: The anti-proliferative activity and cancer celllesgivity of the
synthesized compounds on cancer cells was evaluatsihg the SRB
(Sulforhodamine B) cell proliferation assay. Thissay was chosen because of its
sensitivity, large dynamic range and the abilityrteasure cell proliferation over three
days with normalization to initial cell number a®livas to vehicle-treated cells.

Further, this assay is the standardized assay a@teHor screening of anticancer
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compounds at the National Cancer Institute (NIHhe TSRB assay provides a
colorimetric readout which can be spectrophotoroelly measured and does not
involve antibodies or toxic reagents. The assdyased on detection of total protein
content of cells, which increases or decreasesopgstion with cell number.

The methodology: Cancer cells (around 5000 in number) were seede@biwell
plates and incubated overnight. The optimum celniner to be seeded was
determined by a growth curve analysis for the te#f. Compounds (dissolved in
100% DMSO to a stock concentration of 200mM) wetéeal to the adhered cells at a
final concentration of 10uM. After 72h of treatmettte cells were washed with
phosphate-buffered saline and ice-cold 10% tricddoetic acid was added to the cells
to precipitate the proteins. It was incubated foral 4°C. The cells were then washed
with water and air-dried. Cellular proteins wereritstained using 0.4% SRB solution
in 1% acetic acid for 30 min at room temperatuttee Tinbound dye was washed away
by destaining with 1% acetic acid and bound dye s@sabilized with 10mM Tris
solution (pH 10.5). Absorbance of solubilized dyaswneasured at a wavelength of

590 nm. Percentage growth was determined by timeuiar

[(At-AO/Ac-A0)] X 100
where At=absorbance after 72h of test compoundntreat,
AO=Absorbance at time 0,

Ac=Absorbance after 72h without treatment.

The known cytotoxic agent, gemcitabine was useal @ssitive control in the assay.
4.5.2.2. Zebrafish embryo studies:

Materials and Methods:

Husbandry:

Zebrafish obtained from a local vendor were mangdi in in-house built re-
circulatory system under 14-10 h light dark cyabel 8 °C temperature as described
earlier (Banote et al., 2013). Breeding was caroatl using females and males in
ratio of 2:3 and the embryos obtained were coltatepetridishes and maintained at
28°C. (Westerfield et al., 2000, Nakhi et al.,2013).
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Apoptosis Assay:

24hpf embryos were de-chorinated manually. 6 entbryere distributed as two sets
in each well of 24 well plates with 250 pl of 0.1BMSO. The working stock

solutions were prepared by serial dilution as deedrearlier. Each well was added
with 250ul of respective concentration to obtaimafi working concentration.

Embryos were incubated at 28°C for 24 hrs and 4&ngck apoptotic effect at 24 h
and 48 h by washing drug exposed embryos thricke B8 medium. Acridine orange
(2ug/ml) solution of dye in E3 medium was added araibated for 30 min. The

embryos were rinsed thoroughly twice in fresh E3dime to wash the acridine
orange solution. Stained embryos were anesthetizébdtricaine and photographed
under UV illumination using Zeiss AxioCamMR cameadtached to a Zeiss
florescence microscope (GFP filter set : excitatid?3,emission 520 ) under 5X

magnification. The Images were taken and analysetjumage J software.

Teratogenicity assay:

In this assay, 1dpf embryos at same developmentajeswere sorted out and
dechorionated using protease K. Test compoundk stolttions were prepared by
dissolving in 100% DMSO. By serial dilution from osk solutions various

concentrations were prepared and the final conagotr of DMSO becomes 0.1%.
The embryos were distributed in 24 well plate (3/wand concentrations of test
compounds starting from 1pM to 30uM compound wasleddto each well

accordingly where n=6.The plate was incubated &E 2ttil 5dpf. The embryos were
washed with PBS and anesthetized using tricaif@®9%). Morphological scoring
was done based on the procedure previously deddftanzica-Kelly et al, 2010).
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Copper-catalyzed one-pot synthesis of hybrid
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5.1. Introduction:

Hybrid molecules are chemical entities with two oore) structural domains
having different biological functions that show tlaativity (e.g.A, Figure 5.1),
and can act as two distinct pharmacophdrBsth entities of the hybrid molecule
are not necessarily acting on the same biologma@et. Nevertheless, the strategy
of hybrid molecule is also used to enhance the mphaological activities of the
individual pharmacophore (e.8, Figure 5.1). For example, weak cytotoxicity of
distamycin A (a naturally occurring antibiotic agdasolated fromStreptomyces
distallicus active against some viruses) has been enhancéethmring it with the
known antitumor compounds or simple active moieteknown antitumor agents
(Figure 5.2

linker
[ Pharmacophore 1]—( Pharmacophore 2] e Dtualt
activity

biological function 1 biological function 2
A

linker
[ Pharmacophore 1J—[ Pharmacophore 2 J» E“hta]"_ct;d
activi

biological function 1 biological function 1
B

Fig. 5.1. Hybrid moleculeA andB.

/ HN N

Il H‘\ ,1 Oﬁ\?b“\
' HN NH Y N !
. HCI a W ;

Fig. 5.2. Hybrid molecule of distamycin A.

Bleomycin (Figure 5.3, glycopeptide) is an excelleexample of a hybrid
molecule-based drug which was isolated frd8treptomyces Verticillus by
Umezawa and coworkers, and is an efficient anticaagent This drug has three
distinct structural domaingne for DNA binding, a second for metal bindingdan
a third containing carbohydrates which is esseritinkhe permeability to the cell
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membrane.
H,N__O
M H\/t?/NH
2
DNA binding domain
Metal binding N SN b CHs f—J%
domain < H
H2N I\W NH S
N
CHH NG CH3HO CH3 / R
N
\
o | Y
L-gulose-D-mannose } Cell penetration

Fig. 5.3. Three distinct structural domains of bleomycin.

Hybrid molecules with a dual mode of action canclessified into three different
categories. The categork (Figure 5.4) relates to both entities of the hgbri
molecule that are able to interact with the sirtglget. For example in the case of
antimalarial drugs trioxaquinedl,(Figure 5.4) a “double-edged sword” hybrid
molecule was developed and the two pharmacophdrésosaquineé were able
to interact with the heme (a single target). Thesalecules are highly active

campared to their corresponding two separate psecsir

ﬂ ‘i linker -
Single target Single target (\Q\

H,C O

1, trioxaquine = trioxane-quinoline

Fig. 5.4: TypeA hybrid molecules with single target.

In the second catego® (Figure 5.5), the two entities of the hybrid malkcact
independently on two different and non relatede&sgThis case has been recently
demonstrated by developing of both acetylcholimeste and serotonin

transporters inhibitors for the treatment of Alzhei’s disease.
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O
MezN _
S
v NMe.HCI
Target 2 \

!
|

2, AChE-SERT dual inhibitor

Target 1

NO,

Fig. 5.5: TypeB hybrid molecules with two independent targets.

In case of third category C (Figure 5.6), both tedi of the hybrid molecule acts
on the related targets. For example in the casertiprion drugs a hybrid
molecule 8, Figure 5.6) was developed by linking acridinesinonodibenzyl
entities and the two pharmacophores were abletévant with two related targets.
These hybrid molecules was the most active antippdompounds with an &g

value of 20 nM determined using a cell model obprdiseasé.

" — 5@ et O

N\/\/Ndn [ N

Target 1 Target 2

R2
Fig. 5.6: TypeC hybrid molecules with two related targets.
5.1.1. Literaturereportson hybrid molecules:

In 2007, Walsh and coworkers demonstrated a noxtelmasinin—quinine hybrid

molecule 4, Figure 5.7) with potent antimalarial activity.

MeO

Fig. 5.7: Artemisinin—quinine based hybrid molecule
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The hybrid was more effective against drug-sernsiéimd drug-resistant malaria than
the individual drugs alone suggested that the twaeoules joined together were

more active than the same two molecules administseparately.

In 2000, Tietze and coworkers illustrated the dtad features of a highly active
mycotoxin(-)-talaromycin B with the hormone estrone to design a novel
hybridmolecule %, Figure 5.8) that exhibited anticancer actiVity.

Fig. 5.8: Estron-talaromycin based hybrid molecule.

Guantai and coworkers reported a series of analbgsed on the chalcone
chloroquinoline hybrid &, Figure 5.9) as the promising antimalarial agentsusl
aiming to identify new analogs with improved soliipiand retained antimalarial
potency they again devised a novel hybrid framew@jkvia in silico studies as

shown in Figure 5.8.

Chalcone
R
O OMe
) ] N . - N oM
Trizole linker { // N In silicon and in vitro 0 €
N~ prediction of Phys-Chem [ j
and ADME properties N

AN
B ~

N Cl _

N Cl

Chloroquinoline

Fig. 5.9: Chalcone-chloroquinoline based hybrid molecule.

In 2000, Berube and coworkers synthesized a seavfeiovel 1p-estradiol-
platinum(ll) hybrid molecules8( Figure 5.10) made of a polyethylene glycol (PEG)
linking chain of various length and 2-(2"-aminod}pyridine ligand. The hybrid
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molecule possesses cytotoxic activity on breasteracell lines and the derivatives

with the longest PEG chain showed the best acti¥ity

Fig. 5.10: 17p-estradiol-platinum(ll) hybrid molecule.

5.1.2. Design of our target hybrid molecule C:

We discussed in Chapter 4 that the quinoxaline éwaork has been reported to be
integral part of several anticancer ageft¥he benzimidazole nucleus on the
other hand has also found to be present in variougumor/anticancer agents.
Thus, we anticipated that the combination of thesemoieties connected through
an appropriate linker in a single molecular entmyy provide a new hybrid
molecule C, Figure 5.11) for the design and identification afvel inducers of
apoptosis. To the best of our knowledge pharmacosbgvaluation of this class

of compounds especially as apoptotic agents habewrt explored earlier.

N\ iLL
L@

Quinoxaline Benzimidazole

Fig. 5.11: New framework C) for the design and identification of novel induxeof

apoptosis
5.2. Results and discussion:

Synthesis of typeC hybrid molecules (Figure 5.11) with quinoxaline dan
benzimidazole as pharmacophores, we required atdire straightforward synthetic
method. A literature studies disclosed that the ttmgis of 2-substituted
benzimidazole can be performeié the reaction of 1,2-phenylenediamines with the
corresponding carboxylic acids or with aldehyddiieed by oxidatio® and which
can be functionalized further such as sulfonylatiming an alkyl or aryl sulfonyl
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chloride!* This method however appeared to be less effedtivehe synthesis of
molecules based of as the introduction of quinoxaline moiety seemedbe
difficult. This problem was found to be common withe other methods of
constructing 1,2-disubstituted benzimidazole moigbpssessing the required
guinoxaline substituentiowever,during the literature search a recent report on Cu
catalyzed 3-component cascade reaction of sulfomzides, alkynes and 2-
bromoaniline (Scheme 5.1) leading to the functimeal benzimidazolés attracted
our attention which is shown in Scheme 5.1.

R'SO,N4
9 NH 1. cat. Cul
2
e TEA/ DMSO @ >_/
Z B
R2—— T 2. Cul/L-proline 302R1
10 1" K,CO4/DMSO

Scheme 5.1: Three-component synthesis of benzimidazadl@s. (

The substitution pattern on the benzimidazole nveys very similar to that we
were aiming for. Indeed, we envisioned that theorporation of quinoxaline

moiety into the alkyne reactant might afford ousided product in a single step.

R2
L gee
= O
XX
— H2 CI
SRR Mooy
R

Base
TSN3
2 C (or) 22

Scheme 5.2: Synthesis of hybrid molecule82) based orC.
5.2.1. Preparation of starting materials:

The key starting materiale. 3-chloroN-aryl-N-(prop-2-ynyl)quinoxalin-2-aminely),
required for our study was obtaine AICI; induced C-N bond formation reaction
between 2,3 dichloroquinoxalin@3) and substituted anilines14) in dichloroethane
at 80 °C to afforded compound5j. Further on propargylation of compountb)
with propargyl bromide in the presence of sodiundride in THF gives the product
(17) as shown in Scheme 5.3 (mechanism for Al@duced C-N bond formation
reaction is explained in Chapter'4).
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NH i N_Cl|

2 N Cl

o, L Y - O
I ! N~ >NH 16 NN

~
N~ cl
DCE NaH, THF
R  80°C,10-12h rt
13 14

R'= OCHg, CHa, F, Cl. Br 15 Rt 17 R

Scheme 5.3: Synthesis of key starting materiary.

The requisite other starting materidibenzyl-3-chloroquinoxalin-2-aminel) was
preparedvia the reaction of 2,3-dichloroquinoxaliné3j with benzyl amine 18)

under reflux in ethanol as shown in Scheme'5.4.

N\ Cl EOH N\ Cl

@[ I ’ Ph/\NHZ ©: I PN

N~ °CI reflux N H Ph
5h

Scheme 5.4: Synthesis oN-benzyl-3-chloroquinoxalin-2-amindg).

The requisite 4-methylbenzenesulfonyl azi@&)(was prepared by the reaction of
tosyl chloride 20) with sodium azide in ethanol at room temperatwgeslaown in
Scheme 5.8°

0
O _ci Vg-Na

O s el
HsC Ethanol, rt, 2h  H3C

20 21

Scheme 5.5: Synthesis of 4-methylbenzenesulfonyl azig#)

5.2.2. Reaction optimization:

Having prepared the required starting material®etiaog to the reported methods
we commenced our studies by the reaction of 3-cHN(4-methoxyphenyl)N-
(prop-2-ynyl)gquinoxalin-2-aminel{a) with 2-iodoaniline {l1a) and tosyl azide
(21) to establish the optimized reaction conditionfie Treaction was initially
performed in the presence of Cul (10 mol%) angNEdt room temperature in the
absence of any ligand in a number of solvents vestigate the effect of solvent.
This analysis revealed that the reaction mediumisaantly affects the yields of
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product shown in Table 5.1. Solvents like THF, N\eMCM (dichloromethane),

toluene, DMSO and DMF (entries 1-7, Table 5.1) wexamined and found that
the reaction proceeded well in all these solveriferding the desired product
(22a) in variable yields. The best result was obtainedenv the reaction was
performed in DMSO (entry 6, Table 5.1) affordirZd) in 94% yield. When we

changed the catalyst to Cu(OF8nd base to ¥COs; (entry 10, Table 5.1) the
product yield was decreased indicating that thegewmt effective for this cascade

reaction.

Table5.1: Reaction conditions and optimization.

| Ts_
v ol L )
sesh oo un

= 11a

N
TsN3, Catalyst
Base, Solvent
r.t, 30 min

17a  OCH,

OCH,
22a

Entry Catalyst Base Solvent Yield® (%)
1 Cul E&N THF 32
2 Cul E&N CHsCN 57
3 Cul E&N DCM 65
4 Cul E&N DCE 66
5 Cul EtN Toluene 48
6 Cul E&N DMSO 94
7 Cul E&N DMF 88
8 Cul E&N DMSO o4
9 Cu(OTH, EtN DMSO 10
10 Cul KCOs DMSO 70

®All the reactions are carried out using compouid (0.30 mmol),11a (0.34 mmol), TsN
(0.36 mmol), in the presence of a Cu catalyst (0n@3l) andbase (0.36 mmol) in a solvent

(2 mL) at room temp for 30 min under nitrog@solated yield“The reaction was carried

using 30 mol% Cul and completed within 10 min.
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We were delighted with this observation as thetreagroceeded in the absence of
any ligand and was completed within 30 min. Morep#ee use of 10 mol% of Cul
was found to be enough to catalyze this MCR thoilnghuse of higher quantity of
catalyst e.g. 30 mol% of Cul completed the reactotnin 10 min (entry 8, Table
5.1). Since the yield of2@a) was not improved further in this case hence the
condition of entry 6 was identified as the besttiea conditions for further studies.
Nevertheless, being truly an MCR the present met®®med to have advantages
over the earlier method that was more of a casceagion and required the use of
additional quantity of Cu catalyst as well as deddnt base to facilitate the second

step.
5.2.3. Scope of thereaction:

Having identified the optimum condition (entry 6abfle 5.1) we then examined the
substrate scope and generality of this method. ,Thusange of 3-chlordd-(4-
methoxyphenylN-(prop-2-ynyl)quinoxalin-2-amine 1fa) with a number of 2-
iodoaniline derivatives were employed in the prés®lICR and the results are
summarized in Table 5.2. The reaction proceededl iwelll these cases affording a
variety of N-substituted 3-chlordd-(2-(1-tosyl-H-benzof]imidazol-2-
yhethyl)quinoxalin-2-amines 22) in good to excellent yield (73-95%). All the
compounds synthesized were well characterized bgtsgd (NMR and MS) data and
the representative compour2R4) was confirmed byH and**C NMR spectral data.
Some of the characteristic signals appearéttiand**C NMR spectra are shown in

the following figure (Figure 5.12).

4 3.70 (dd, J = 9.39, 5.14 Hz, 2H)
5 27.1

N
l\J/l@ 52.37 (s, 3H)

N_ _C N
OO o
= 7z '/
N™ N ‘\0 \O\©\CH3
6 4.58 (t, J = 7.3 Hz, 2H)

5 55.4
OCHs

T

5 3.84 (s, 3H)
5 52.0

Fig. 5.12: CharacteristicH and**C NMR signals of 22a)
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The appearance of singletsaB.84 ppm an@ 2.37 ppm imfHNMR spectra of 22a)
were due to methoxy group present on the aromatig and methyl protons
corresponding to tosyl group. The correspondi@gsignals appeared &62.0, and
21.6 respectively. The two methylene protons prese(22a) appeared ai 4.58,6
3.70 in*H NMR spectra and 55.4,5 27.1 ppm in°CNMR spectra respectively.

Table5.2: Copper catalyzed synthesis of compouz®).{

R2

R2 | TS\
N__cl| N/@
N7 N

B ——

TsNg, Cul
TEA, DMSO
r.t, 30 min
R1

R1
17
22

= __
Entry | Alkyne (L7) Iodo(flr;mne Product(7) Y('(,eAL;j

N_Cl ]| - ";@
1 CENICN; @EI C[NINJ/WTS 94

11a

OCH3
17a OCH3
22a

N
N CIJ/MNg
HICOUR
N~ N
2 17a CE 89
NH,

11b
OCH,
22b
mg=
/
N_ _Cl
J N
cl | [::]: /rj\‘
oL, |G
3 17a N 90
11c
OCHs
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22c

L) et

1la 92
17b

22d

v
CLC
N~ 'N

17b 11b <j 86

22e

o
/
@EN\ ClJ/kN
\
L%
NN

17b 1lc 90

22f

w o Vs
oLy SOUE!

N e R T e

17¢c cl
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N_Cl ’N
©:N/ N -\rS
9 17d 11b 91
Br
22i
-
N Cl ’N
@[N/ N "rS
10 17d 11c 89
Br
29)
) o S
) S N
o L o
11 1l1a 93
F
17e F
22k
) Q
N CJ/kN
NIN te
12 17e 11b © 86
F
22|
Nl "}@
e e
N” N _
13 L : 11a NN 73
17f K@
22m
@[N\ cl IN
— T
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®All the reactions are carried out using compo@i@0.30 mmol),11 (0.34 mmol), TsN(0.36
mmol), TEA (0.36 mmol) and Cul (0.03 mmol) in DM$®mL), rt, N,, 30 min.
®|solated yield.

5.2.4. Proposed mechanism:

A plausible mechanism for the present MCR to sysige compound2@) is
depicted in Scheme 5.6. The MCR seems to proocgada number of steps
including the formation of (i) ketenimine, (ii) tgamide and finally (iii)

intramolecular C-N bond formation as shown in Schén®.

{@E::I;;]

Cu™ "z Cul E-1 I
17 Ri H2N4©»R2
1
Et3}\.l 2
Ts.,, | R
SN

D/ -~ Et3NH l @

(k NI

z H H

lCU.

| Ts
R2

' Cul N
TS\ Cu R2 EtaN
(NLH You o’
NS
N

pa Et3NHI
Scheme 5.6: Proposed reaction mechanism.

Initially, the terminal alkyne17) and sulfonyl azide undergoes a copper-catalyzed
azide-alkyne cycloaddition (CUAAC) in the presermfeCul and E4N to form
ketenimine speciesE(1) via*® formation of triazolo-Cu intermediate followed by
the release of nitrogen gas. Then nucleophiliccit@a 2-iodoanilines I1) at the
sp-carbon of E-1 leads to N-tosylamidine intermediateE-2 which on
tautomerization leads to tosylami@e3. Finally the Cu-catalyzed intramolecular
C-N bond formation oE-3 affords the desired produ@2).
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The possible reason for (i) low catalyst loading) fapid reaction, (iii) non-
requirement of any ligand and/or lateral additidribee catalyst/base and (iv) good
to high yields of products in the present caseampgared to the earlier protocol
was perhaps due to use of 2-iodoaniline derivaitivplace of 2-bromo analog. It
is well known that reactivity order of halogen stitoent towards the transition
metal catalyst is | > Br >> CI| and therefore 10 #%oCu catalyst alone in the
presence of EN was enough to facilitate the overall transformatefficiently.
The other reason could be the nature of terminatres used. The alkyne&?)
used in the present MCR contain a tertiary aminougrwhich because of its
bulkiness could force the orientation of tosylamimeiety of E-3 to a position
favorable for intramolecular cyclization therebycalerating the Cu-catalyzed C-N
bond forming step

5.3. Pharmacology:

In order to assess their potential to induce amptine synthesized compounds were

tested in Zebrafish embry@salong with a known drug methotrexate at 30 pM.

20

104

Percentage Induction of Apoptosis

T 1M
amf
T M-SR

Control

22k

Concentration (pM)

Methotrexate 30,M

\.

Fig. 5.13: Results of apoptosis assay: The percentage iotducf apoptosis caused by
compounds22k, 22e and 22i at different concentrations along with Methotrexadll the

statistical analysis was performed using GraphRetn® software.
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Based on their considerable effects in the presssty of apoptosis compounds
(22k), (22e) and @2i) were further tested at 1, 3, 10 and 30 uM alonth wi
methotrexate (Figure 5.13 & 5.14). While the commb®2k) showed an increase in
its apoptotic activities up to 3 UM a decreaseadtividy was observed at 10 and 30
MM. The embryos were found to be safe at all comaBons. In the case of

compound 22¢) the increase in apoptotic activities was obsewitd the increase of

concentration from 1 to 10 uM, but the activity wiecreased at 30 uM. Compound
(221) showed significant apoptotic activity at 10 uM leatbryos were dead when the

concentration was increased to 30 uM.

&

control Mecthotrexatcat 30 pM

22k at 30 pM

22iat10 pM

Fig. 5.14: Representative images of the embryos treated wdatmpounds assayed for

apoptosis.

These compounds were also evaluated for their piatenoxicities* e.g.
teratogenicity in Zebrafish embryo at a range di-30 pM. The toxicological
evaluation was carried out in a blinded fashion. tAé embryos in control group
were found normal. Phenobarbital (3 mM) was use@ @®sitive control in this
assay (Figure 5.15 & 5.16). The compoufgk) was found to be non toxic in all
the tested concentrations. While the compou2ze)( showed mild toxicity at 30
MM, it was found to be safe at lower concentratieng. 1, 3 and 10 uM.
Compound 22i) was found to be safe at 1 and 3 pM but showectityxat 10 and
30 uM.
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9
)
|
|

“
i

-
3

Teratogenecity Score
~N

M A
10,M o

T 1uM4

Control 4

22k 22e 22i

Concentration (uM)

3mM Phenobarbital

Fig. 5.15: Results of teratogenicity assay: Each embryo wasedcbased on their level
toxicity from 5 being non toxic and 0.5 being higlbxic. Statistical analysis for sring was
done usingGraphPad Pris® software using twavay ANOVA. The graph represents f

teratogenic scoring given compared to the pos@omrol Phenobarbit:

Fig. 5.16: Representative zebrafish images of teratogenisigy of compounctested at 30
UM.

Based on the summery of 5o values (apoptosis), NOAEL (No Observed Adve
Effect Level) and the overall therapeutic indexg(f5.16and Table5.3) the safety
order of the tested compounds appeared22k > 22e > 22i. Overall, the
compound22k was found to be safest where22i was identified as the mo
potent inducer of apoptosis in zebrafish indicatihg present class of compour

are of further interest.
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2

Comncentration (uM)
g

E3 EC50
3 MOAEL

Compounds

J

Fig. 5.16: The EG, (apoptosis) and NOAEL of test compou2k (ECso = 14.76 pM &
NOAEL = 30 uM),22e (ECso = 6.94 uM & NOAEL = 10 uM), an@2i (EGCsp = 2.23 uM &
NOAEL = 3 uM), The overall therapeutic index (raibNOAEL/EG) of 22k is 2.032,22e

is 1.44, an®2i is

1.34.

Table 5.3: Summary of pharmacological evaluations of compo@2#ts 22e, and

22i.
_ , Test compounds
Pharmacological evaluations
data
Positive
Tests Endpoint Parameters| 22k | 22e | 22i
Control
Acridine Orange
Apoptosis staining of Methotrexate EG 14.76| 6.94| 2.23
apoptotic cells
_ Morphological _ 30 10 3
Teratogenecity| Phenobarbital NOAEL
assessment of UM | pM | uM
phenotypic changes
Overall _ _
_ Ratio of Therapeutic
Therapeutic 2.032| 1.44| 1.34
NOAEL/ECs, Index
Index
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5.4. Conclusion:

In conclusion, an efficient MCR has been developealving the reaction oN-
(prop-2-ynyl)quinoxalin-2-amine derivative with @doanilines and tosyl azide in
the presence of 10 mol% of Cul andgMEtin DMSO to afford the pre-designed
target compounds containing quinoxaline framewankdd with benzimidazole
nucleus. In contrast to the previously reporteccads reaction for the synthesis of
similar class of compounds the present MCR seemdthte following favorable
features e.g. (i) rapid reaction (30 min), (ii) lmatalyst loading (10 mol%), (iii)
non-requirement of any ligand and/or lateral additof the catalyst/base and (iv)
good to high yields of products (73-95%). A randgenovel hybrid molecules
originally designed as potential inducers of apsi{@owvere prepared using this
methodology and tested for apoptosis, and teratoggnn zebrafish embryos.
Some of these compounds showed encouraging apsptwkicing properties and
therefore seemed to have potential medicinal valtlee MCR presented here
could be useful in building library of hybrid moldes useful for medicinal /
pharmaceutical chemistry and drug discovery efforts

5.5. Experimental section:

5.5.1. Chemistry

General methods: Unless stated otherwise, reactions were performedeu
nitrogen atmosphere using oven dried glasswarectRes were monitored by
thin layer chromatography (TLC) on silica gel pai{®0 F254), visualizing with
ultraviolet light or iodine spray. Flash chromataghy was performed on silica gel
(230-400 mesh) using distilled hexane, ethyl aeetdd and **C NMR spectra
were recodred in CDglor DMSO+s solution by using a 400 MHz spectrometers.
Proton chemical shiftsd] are relative to tetramethylsilane (TM&,= 0.00) as
internal standard and expressed in ppm. Spin nligities are given as s (singlet),
d (doublet), dd (doublet of doublet), td (triplet doublet), t (triplet) and m
(multiplet) as well as b (broad). Coupling conssa@ are given in hertz. Infrared
spectra were recorded on a FT- IR spectrometer.spkttra were obtained on a
Agilent 6430 series Triple Quard LC-MS / MS speateter. Melting points (mp)
were determined by using Buchi B-540 melting poiappratus and are
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uncorrected. Chromatographic purity by HPLC (Agil&@200 series Chem Station
software) was determined by using area normalipati@ethod and the condition
specified in each case: column, mobile phase (rarsgzl), flow rate, detection
wavelength, and retention times.

5.5.1.1. General Procedurefor the preparation of 3-Chloro-N-aryl quinoxalin-
2-amine (15)

DCE
80°C,10-12h

N ©! e N._Cl R!
X AICl5 N
N~ Cl N"TN
13 R' 15
14

R'=OCHj3, CHs, F, Cl, Br

A mixture of 2,3-dichloroquinoxalinelB) (1.0 mmol), an appropriate amin®4j
(1.0 mmol) and AIX (1.25 mmol) in 1,2-dichloroethane (5mL) was stirrad
80°C for 10-12 h under a nitrogen atmosphere. Aémmnpletion of the reaction,
the mixture was cooled to room temperature, pouméal ice-cold water (15 mL),
stirred for 10 min and then extracted with ethytate (3 x 10 mL). The combined
organic layers were washed with cold water (2 xnil0), brine (4mL) and dried
over anhydrous N&O, and concentrated under vacuum. The residue obtavasd
purified by column chromatography on silica gel @80 mesh) using
ethylacetate/hexane to give the desired prodList (

5.5.1.2. Preparation of N-benzyl-3-chloroquinoxalin-2-amine (19)

18 5h

N\ Cl EtOH N\ Cl

L, - e 22 LT
N Cl reflux N H Ph
13 19

A mixture of 2,3-dichloroquinoxalinel8) (0.01 mmol) and benzylaminel§)
(0.015 mmol) in EtOH (5 mL) was heated under reftax 5 h. After completion
of the reaction, the reaction mass was cooled aonrtemperature and ethanol was

removed under reduced pressure. The resulting sasl washed with water and
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dried to afford the desired product®y.

5.5.1.3. General procedure for the preparation of 3-chloro-N-aryl-N-(prop-2-
ynyl)guinoxalin-2-amine (17)

crt, A o)

NaH, THF
r.t.

R1 R1
15 17

Proparyl bromide 16, 3 mmol) was added to a solution ®f-substituted
guinoxaline-2-amine derivativeq15, 1 mmol) and sodium hydride in THF (10
mL) under nitrogen atmosphere. The reaction mixtues then stirred for 2h at
room temperature. After completion of the reacti@onfirmed by TLC), the
mixture was diluted with ice water (3 mL) and exted with ethyl acetate (3 x 10
mL). The combined organic layers were washed witineb (5 mL), dried over
anhydrous Nz50,, filtered and concentrated under vacuum. The tesidas
purified by column chromatography on silica gelngsiethylacetate/ hexane as

eluent to afford the N-propallylated quinoxalinea@ine derivativesl({).

5.5.1.4. 3-chlor o-N-(4-methoxyphenyl)-N-(prop-2-ynyl)quinoxalin-2-amine (17a)

Y

OCH,

Yield: 92%; Light yellow; R; = 0.2 (10% EtOAch-hexane)IR (KBr, cm™): 3265.7,
3057.5, 3008.2, 2964.3, 2926.0, 2849.3, 1512.35:543402.7, 1221.9, 1084.%
NMR (400 MHz, CDC})) 6: 7.95-7.90 (m, 1H), 7.90-7.85 (dd= 7.2, 1.2 Hz, 1H),
7.71-7.64 (m, 1H), 7.59-7.51 (m, 1H), 7.09 (m, 26193-6.85 (m, 2H), 4.69 (d,=
2.3 Hz, 2H), 3.82 (s, 3H), 2.19 @,= 2.4 Hz, 1H);**C NMR (100 MHz, CDGJ):
158.0, 149.4, 141.0, 139.8, 138.3, 138.2, 130.1,(227.6, 127.2, 127.1, 127.0, 114.5
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(2C), 79.8, 72.2, 55.4, 43. %S (ES mass): 323.8 (M+1HPLC: 85.8%, Column:
Symmetry C-18 75 * 4.6nm, 3.5um, mobile phase A: 0.1 %FA in water, mobile
phase B: CHCN (T/%B): 0/50, 2/50,10/98, 15/98, 18/50, 20/50flow rate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 215.%im, retention time 7.0 min.

5.5.1.5. 3-chlor o-N-(prop-2-ynyl)-N- tolylquinoxalin-2-amine (17b)
@[Njidw
N" N

J

CH,

Yield: 94%:; Yellow solid; R= 0.2 (10% EtOAch-hexane); IR (KBr, cil): 3265.7,
1545.2, 1512.3, 1457.5, 1397.2, 1227.4, 1084HINMR (400 MHz, CDC}) &: 7.94
(d,J = 8.4 Hz, 1H), 7.90 (dJ = 7.2 Hz, 1H), 7.72-7.66 (m, 1H), 7.58-7.54 (m, 1H),
7.18 (d,J = 8.4 Hz, 2H), 7.03 (d) = 8.4 Hz, 2H), 4.73 (d) = 2.4 Hz, 2H), 2.37 (s,
3H), 2.19 (t,J = 2.4 Hz, 1H);"*C NMR (100 MHz, CDG)) §: 149.3, 142.9, 141.3,
139.9, 138.3, 136.0, 130.1, 130.0, 129.4, 127.8,4,227.1, 125.1, 109.9, 79.8, 72.1,
43.5, 21.1; MS (ES mass): 307.9 (M+HPLC: 92.6%, Column: Symmetry C-18 75
* 4.6 mm, 3.5um, mobile phase A: 0.1 %FA in water,mobile phase B: C}¥CN
(T/%B): 0/50, 2/50,10/98, 15/98, 18/50, 20/50pw rate: 1.0 mL/min; Diluent: ACN:
WATER (90:10);UV 210.5nm, retention time 7.9 min.

5.5.1.6. 3-chlor o-N-(4-chlor ophenyl)-N-(prop-2-ynyl)quinoxalin-2-amine (17c)

Y

Cl

Yield: 90%; White solid; R= 0.2 (5% EtOAc/h-hexane); IR (KBr, cil): 3275.3,
1541.6, 1490.3, 1362.3, 1225.9, 10732:NMR (400 MHz, CDCJ) &: 7.94 (dd,J =
8.4, 0.9 Hz, 1H), 7.91 (dd = 8.3, 1.2 Hz, 1H), 7.73-7.68 (m, 1H), 7.62-7.57 (m,
1H), 7.36-7.31 (m, 2H), 7.09-7.04 (m, 2H), 4.74Jd&; 2.4 Hz, 2H), 2.21 ()= 2.4
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Hz, 1H);°*C NMR (100 MHz, CDGJ)) &: 148.9, 144.0, 141.2, 139.8, 138.6, 131.4,
130.3, 129.5(2C), 127.9, 127.7, 127.2, 126.1(2@)4,772.6, 43.3; MS (ES mass):
328.0 (M+1); HPLC: 99.1%, Column: Symmetry C-18 250.6 mm, um, mobile
phase A: 5mm Ammonium Acetate in water, mobile pP ABsSCHCN (T/%B): 0/20,
3/20, 12/95, 23/95, 25/20,30/20; flow rate: 1.0 mid; Diluent: ACN: WATER
(50:50); UV 210.4 nm, retention time 14.4 min.

5.5.1.7. N-(4-bromophenyl)-3-chlor o-N-(pr op-2-ynyl)quinoxalin-2-amine (17d)
)
N" N

)

Br

Yield: 89%: Light yellow solid; R; = 0.2 (5% EtOAc/n-hexane); IR (KBr, cm):
3276.7, 1545.2, 1495.8, 1364.3, 1221.9, 107HINMR (400 MHz, CDC}) &: 7.95
(d,J= 8.4 Hz, 1H), 7.92 (dd] = 8.4, 0.9 Hz, 1H), 7.74-7.69 (m, 1H), 7.64-7.58 (m,
1H), 7.50-7.47 (m, 2H), 7.02-7.00 (m, 2H), 4.75J¢ 2.4 Hz, 2H), 2.22 (t) = 2.4
Hz, 1H); *C NMR (100 MHz, CDG)) &: 148.9, 144.5, 141.3, 139.8, 138.6, 132.5,
131.8, 130.3, 128.0, 127.7, 127.2, 126.3 (2C),2,18.3, 72.6, 43.S (ES mass):
372.5 (M+1);HPLC: 98.3%, Column: Symmetry C-18 75 * 4.6 mm,u85 mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B): 0/50, 1/50, 6/98,
12/98, 13/50, 15/50; flow rate: 1.0 mL/min; Dilue®CN: WATER (90:10); UV

210.5 nm, retention time 6.2 min.

5.5.1.7. 3-chlor o-N-(4-fluor ophenyl)-N-(pr op-2-ynyl)quinoxalin-2-amine (17€)
o
N" >N

)

F

Yield: 90%; Yellow solid;:R; = 0.2 (10% EtOAch-hexane); IR (KBr, cil): 3274.4,
1535.1, 1486.8, 1334.3, 1218.9, 107219;:NMR (400 MHz, CDCJ) &: 7.94 (d,J =
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8.4 Hz, 1H), 7.90 (dJ = 8.0 Hz, 1H), 7.71-7.67 (m, 1H), 7.60-7.56 (m, 1AY14-
7.11 (m, 2H), 7.08-7.04 (m, 2H), 4.71 @7 2.3 Hz, 2H), 2.21 (tJ = 2.3 Hz, 1H);
13C NMR (100 MHz,CDCls) §: 162.1 (C-FJ = 244.8 Hz), 159.6, 149.2, 141.4 (2C),
140.9, 139.8, 138.4, 130.2, 127.6, 127.2 (2 C),112C-FJ =8.5 Hz ), 116.4 (2C),
116.1 (C-RJ = 22.5 Hz), 109.9, 79.4, 72.5, 43.6; MS (ES m&&k).8 (M+1); HPLC:
98.9%,Column: X-Bridge C-18 150 * 4.6 mmuBn, mobilephase A: Formic acid in
water B: CH;CN (T/%B): 0/40, 2/40, 9/98, 14/98, 16/40, 18/40; floate: 1.0
mL/min; Diluent: ACN: WATER (80:20); UV 215.4 nmetention time 9.5 min.

5.5.1.8. N-benzyl-3-chlor o-N-(pr op-2-ynyl)quinoxalin-2-amine (17f)
o)
NN

Yield: 91%:; Yellow solid;R; = 0.2 (5% EtOAch-hexane)IR (KBr, cm'): 3274.7,
1535.3, 1497.3, 1367.2, 1231.9, 1063tTNMR (400 MHz, CDC}) &: 7.92-7.88 (m,
2H), 7.69-7.65 (m, 1H), 7.59-7.57 (m, 1H), 7.48J¢; 7.4 Hz, 2H), 7.36 (t)= 7.3
Hz, 2H), 7.31 (dJ = 7.2 Hz, 1H), 4.86 (s, 2H), 4.24 (@= 2.3 Hz, 2H), 2.25 (t) =

2.4 Hz, 1H);:**C NMR (100 MHz, CDGJ) §: 151.5, 141.0, 139.9, 138.4, 136.8, 130.2
(2C), 128.5 (2C), 128.4, 127.6 (2), 127.5, 1272,1772.8, 53.2, 39.1MS (ES
mass):307.9 (M+1);HPLC: 88.3%,Column: Symmetry C-18 75 * 4.6 mm, 318,
mobile phaseA: NH4OAc in waterB: CH;CN (T/%B): 0/20, 2/20, 7/98, 11/98,
12/20, 15/20flow rate:1.0 mL/min; Diluent:ACN: WATER (80:20); UV 210.4 nm,

retention time 8.3 min.

5.5.1.9. General procedure for preparation of 3-chloro-N-(4-aryl)-N-(2-(1-tosyl-
1H-benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22)
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R2

) O, e
B N
T
L) e OO
N N N N
TsN3, Cul
TEA, DMSO
r.t, 30 min
R1
22

17

To a solution of sulfonyl azide (0.36 mmol), alkgn@7, 0.30 mmol), 2-iodoanline
(11, 0.34 mmol), and Cul (0.03 mmol) in DMSO (2mL) wadded TEA (0.36 mmol)
slowly via syringe. The reaction solution was stiriat room temperature undesfisr
30min. After completion of the reaction, the reactmixture was partitioned between
ethyl acetate and saturated )| the organic layer was washed with brine, dried
over anhydrous N&Q,, and concentrated under reduced pressure. Thiueesias
purified by column chromatography using ethyl atsethexane to give desired
compound 22).

5.5.1.10. 3-chlor o-N-(4-methoxyphenyl)-N-(2-(1-tosyl-1H-benzo[ d]imidazol-2-
yhethyl)quinoxalin-2-amine (22a)

)
CLL)
N N

OCH,

Yield: 94%; Yellow solid; mp: 164-166 °CRs = 0.4 (30% EtOAch-hexane);IR
(KBr, cm'l): 3409.3,2936.6, 2832.5, 2719.7, 1604.9, 1539.1, 1369.23.13CH
NMR (400 MHz, CDC}) &: 8.08-8.05 (m, 1H), 7.89 (d,= 8.4 Hz, 1H), 7.77 (d) =
8.0 Hz, 1H), 7.71-7.63 (m, 4H), 7.56-7.52 (m, 1A¥1-7.31 (m, 2H), 7.11 (dd,=
14.5, 8.5 Hz, 4H), 6.90 (d, = 8.8 Hz, 2H), 4.58 (t) = 7.3 Hz, 2H), 3.84 (s, 3H),
3.70 (dd,J = 9.39, 5.14 Hz, 2H), 2.37 (s, 3HYC NMR (100 MHz, CDG)) &: 157.5,
152.8, 149.6, 145.7, 141.9, 141.2, 140.9, 140.@,7,3137.8, 135.2, 132.9, 130.0
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(2C), 129.9, 127.5, 126.7 (2C), 126.6 (2C), 126H4.7, 124.5, 119.7, 114.6 (2C),
113.4, 55.4, 52.0, 27.1, 21.6; MS (ES mass): 58441); HPLC: 99.1%,Column:
Symmetry C-18 75 * 4.6 mn8.5um, mobile phase A: 0.1 % Formic Acid in water,
mobile phase B: C¥CN (T/%B): 0/40, 1/40, 6/98, 10/98, 12/40, 15/406w rate: 1.0
mL/min; Diluent: ACN: WATER (80:20); UV 210 nm, m=ttion time 7.6 min.

55111 3-chlor o-N-(4-methoxyphenyl)-N-(2-(6-methyl-1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22b)

e
/
Crls

N N

OCHs

Yield: 89%; Yellow solid; m.p.170-178C; R = 0.2 (30% EtOAch-hexane); IR
(KBr, cm!): 3381.3, 3302.2, 2928.0, 2831.6, 2718.7, 1626607.1, 1353.1, 1307.7;
'H NMR (400 MHz, CDCJ) &: 7.86 (d,J = 8.3 Hz, 2H), 7.75 (dJ = 8.4 Hz, 1H),
7.68-7.59 (m, 3H), 7.52 (m, 2H), 7.18-7.03 (m, 56187 (d,J = 8.8 Hz, 2H), 4.54 (t,
J=7.2 Hz, 2H), 3.82 (s, 3H), 3.63 (t= 7.3 Hz, 2H), 2.51 (s, 3H), 2.34 (s, 3Hjc
NMR (100 MHz, CDC}) &: 157.4, 152.0, 149.5, 145.5, 141.1, 139.9, 139.8,71.3
137.7, 135.3, 134.9, 133.1, 129.9 (2C), 129.8,4,21126.7, 126.6 (2C), 126.5, 126.4
(2C), 125.8, 119.0, 114.5 (2C), 113.4, 55.3, 5270, 21.8, 21.5; MS (ES mass): 598
(M+1); HPLC: 97.9%Column: Symmetry C-18 75 * 4.6 mm, arf, mobile phase
A: 0.1 % Formic Acid in watennmobile phase B: C#CN (T/%B): 0/50, 1/50, 6/98,
12/98, 13/50, 15/50; flow rate: 1.0 mL/miBjluent: ACN: WATER (90:10); UV

210.5 nm, retention time 7.5 min.

55.1.12.  3-chloro-N-(2-(6-chlor o-1-tosyl-1H-benzo[d]imidazol-2-yl)ethyl)-N-(4-
methoxyphenyl)quinoxalin-2-amine (22c)
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Cl

OCH;

Yield: 90%; Yellow solid; m.p.174-175C; R; = 0.4 (10% EtOAch-hexane); IR
(KBr, cm®): 3409.3, 2955.0, 2848.0, 2719.7, 1626.0, 1596383.0, 1352.1H
NMR (400 MHz, CDC}) 6: 8.07 (s, 1H), 7.86 (d] = 8.4 Hz, 1H), 7.73 (d) = 8.4
Hz, 1H), 7.70-7.60 (m, 3H), 7.52 (t= 6.92 Hz, 2H), 7.30 (d] = 1.89 Hz, 1H), 7.13
(d, J= 8.3 Hz, 2H), 7.05 (dJ = 8.9 Hz, 2H), 6.87 (dJ = 8.9 Hz, 2H), 4.54 (1) =
6.8Hz, 2H), 3.82 (s, 3H), 3.63 (t= 7.2 Hz, 2H), 2.36 (s, 3H}’C NMR (100 MHz,
CDCl3) 6: 157.5, 153.4, 149.5, 146.0, 141.1, 140.4, 139.8,5,337.7, 134.8, 133.4,
130.5, 130.1 (2C), 129.8, 127.4, 126.7, 126.6 (A2H.6 (2C), 126.5, 125.1, 120.3,
114.5 (2C), 113.6, 55.3, 51.8, 27.0, 2B (ES mass): 617.9 (M+1); HPLC: 98.8%,
Column: Symmetry C-18 75 * 4.6 mm, arf, mobile phase A: 0.1 % Formic Acid in
water,mobile phase B: C¥CN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/86w
rate: 1.0 mL/minDiluent: ACN: WATER (90:10); UV 210.5 nm, retentidzime 7.9

min.

5.5.1.13. 3-chlor o-N-p-tolyl-N-(2-(1-tosyl-1H-benzo[d]imidazol - 2-
yhethyl)quinoxalin-2 amine (22d)

)
seus
— Ts
N N

J

CHs

Yield: 92%; Yellow solid; m.p.162-167C; R; = 0.4 (30% EtOAc/h-hexane);IR
(KBr, cm™): 2958.5, 2925.6, 2848.9, 1741.9, 1593.9, 154¥661.2, 1374.7, 1265.1;
'H NMR (400 MHz, CDCJ) &: 8.07-8.01 (m, 1H), 7.88 (d,= 8.0 Hz, 1H), 7.76 (dJ
= 8.4 Hz, 1H), 7.67-6.63 (m, 4H), 7.56-7.50 (m, 1HB6-7.29 (m, 2H), 7.13 (dd,=
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8.4, 8.0 Hz, 4H), 7.01 (d,= 8.4 Hz, 2H), 4.59 (tJ = 7.2 Hz, 2H), 3.69-3.65 (m, 2H),
2.35 (s, 3H), 2.34 (s, 3H}*C NMR (100 MHz, CDGJ) §: 152.7, 149.6, 145.7, 143.1,
141.8, 141.5, 140.0, 138.0, 135.3, 135.2, 132.9.113130.0 (2C), 129.8, 127.5,
126.9, 126.8, 126.6 (2C), 124.9 (2C), 124.7, 1241%.7, 113.4, 109.9, 51.8, 27.2,
21.6, 20.9; MS (ES mass): 568 (M+1); HPLC: 97.%26lumn: Symmetry C-18 75 *
4.6 mm, 3.5m, mobile phase A: 0.1 % Formic Acid in watenpbile phase B:
CHsCN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/5law rate: 1.0 mL/min;
Diluent: ACN: WATER (90:10); UV 210.5 nm, retentidime 7.7 min.

5.5.1.14.  3-chloro-N-(2-(6-methyl-1-tosyl-1H-benzo[d]imidazol-2-yl)ethyl)-N-p-

tolylquinoxalin-2-amine (22¢e)

|
@EN\ Cl N
LI
N N

CHj3

Yield: 86%:; Yellow solid; m.p.160-162C; R; = 0.2 (40% EtOAc/h-hexane);IR
(KBr, cm™): 3024.3, 2914.7, 2859.9, 1741.9, 1604.9, 154¥561.7, 1380.2, 1265.1;
'H NMR (400 MHz, CDCJ) &: 7.91-7.83 (m, 2H), 7.76 (d,= 8.4 Hz, 1H), 7.66-7.61
(m, 3H), 7.55-7.49 (m, 2H), 7.15-7.09 (m, 5H), 7(61J = 8.2 Hz, 2H), 4.57 (&) =
7.3 Hz, 2H), 3.63 (tJ = 7.3 Hz, 2H), 2.51 (s, 3H), 2.35 (s, 3H), 2.34 (&);3"°C
NMR (100 MHz, CDCY) &: 152.1, 149.6, 145.6, 143.2, 141.6, 140.0, 139.8,01.3
135.4, 135.3, 134.9, 133.1, 130.0 (2C), 129.8,3,2726.8 (2C), 126.5 (2C), 125.9
(2C), 124.8 (2C), 119.1, 113.4, 109.9, 51.8, 27129, 21.6, 20.9; MS (ES mass): 582
(M+1); HPLC: 99.3%,Column: Symmetry C-18 75 * 4.6 mm, grf, mobile phase
A: 0.1 % Formic Acid in watennobile phase B: C¥CN (T/%B): 0/50, 1/50, 6/98,
12/98, 13/50, 15/50; flow rate: 1.0 mL/miBjluent: ACN: WATER (90:10); UV
210.5 nm, retention time 8.0 min.

55.1.15.  3-chloro-N-(2-(6-chlor o-1-tosyl-1H-benzo[d]imidazol-2-yl)ethyl)-N-p-
tolylquinoxalin-2-amine (22f)
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CHj

Yield: 90%; Yellow solid; m.p.170-173C; R; = 0.4 (30% EtOAch-hexane); IR
(KBr, cm™): 2953.0, 2926.6, 2854.4, 1747.3, 1599.4, 154¥566.2, 1380.2, 1265.1;
'H NMR (400 MHz, CDC}) &: 8.06 (s, 1H), 7.87 (dl = 8.0 Hz, 1H), 7.74 (dJ = 8.0
Hz, 1H), 7.70-7.61 (m, 3H), 7.54 @,= 8.8 Hz, 2H), 7.29 (dJ = 1.8 Hz, 1H), 7.14
(dd,J= 7.6, 5.4 Hz, 4H), 6.99 (d,= 8.3 Hz, 2H), 4.57 (1) = 7.2 Hz, 2H), 3.63 (1)

= 7.2 Hz, 2H), 2.36 (s, 6H)°C NMR (100 MHz, CDGJ) &: 153.4, 149.6, 146.1,
143.1, 141.5, 140.4, 139.9, 138.0, 135.4, 134.9.5,3130.6, 130.2 (2C), 130.0,
129.9, 127.5, 127.0, 126.8, 126.7 (2C), 126.7,1,2624.8 (2C), 120.4, 113.7, 51.7,
27.3, 21.6, 21.0; MS (ES mass): 601.9 (M+1); HPR&.5%,Column: Symmetry C-
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % Formic Acid in waterpbile phase
B: CHsCN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/80w rate: 1.0 mL/min;
Diluent: ACN: WATER (90:10); UV 230.5 nm, retentidiime 8.4 min.

5.5.1.16. 3-chlor o-N-(4-chlor ophenyl)-N-(2-(6-methyl-1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22g)

/
U
N N

J

Cl

Yield: 89%; Yellow solid; m.p.162-166C; R = 0.4 (30% EtOAch-hexane); IR
(KBr, cm'): 2947.6, 2920.2, 1599.4, 1539.1, 1495.2, 13742%5.1;'H NMR (400
MHz, CDCk) 6: 7.89 (d,J = 8.07 Hz, 1H), 7.86-7.79 (m, 2H), 7.71-7.55 (m, 4H),
7.49 (d,J = 8.1 Hz, 1H), 7.29 (d) = 8.7 Hz, 2H), 7.12 (t) = 9.3 Hz, 3H), 7.04 (d)
= 8.6 Hz, 2H), 4.59 (t) = 6.9 Hz, 2H), 3.61 (t) = 7.1 Hz, 2H), 2.50 (s, 3H), 2.35 (s,
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3H); °C NMR (100 MHz, CDGJ) &: 151.6, 149.1, 145.7, 144.4, 141.4, 139.8, 139.7,
138.2, 135.2, 135.0, 133.1, 130.5, 130.0 (2C),9,2829.4 (2C), 127.5, 127.4 (2C),
126.9, 126.4, 125.9, 125.6 (2C), 119.0, 113.4, 5475, 21.8, 21.5; MS (ES mass):
601.9 (M+1);HPLC: 99.4%,Column: Symmetry C-18 75 * 4.6 mm, 8r&, mobile
phase A: 0.1 % Formic Acid in water, mobile phaseCB:3:CN (T/%B): 0/50, 1/50,
6/98, 12/98, 13/50, 15/50; flow rate: 1.0 mL/minijuent: ACN: WATER (90:10);
UV 210.5 nm, retention time 7.9 min.

5.5.1.17. Preparation  of N-(4-bromophenyl)-3-chlor o-N-(2-(1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22h)

v )
o
T
N N

J

Br

Yield: 95%; Light yellow solid; m.p.145-15%C; R = 0.4 (20% EtOAch-hexane); IR
(KBr, cm™): 3035.2, 2931.1, 2859.9, 1621.3, 1599.4, 1544374.7, 1193.8]H
NMR (400 MHz, CDC}) &: 8.07-8.00 (m, 1H), 7.90 (d,= 8.0 Hz, 1H), 7.81 (d) =
7.8 Hz, 1H), 7.71-7.55 (m, 5H), 7.44 @5 8.4 Hz, 2H), 7.37-7.30 (m, 2H), 7.11 (d,
J= 8.1 Hz, 2H), 6.99 (d) = 8.8 Hz, 2H), 4.62 (dd] = 9.4, 4.9 Hz, 2H), 3.65 (1 =
7.0 Hz, 2H), 2.35 (s, 3H}’C NMR (100 MHz, CDGJ) 8: 152.9, 152.4, 149.2, 145.9,
144.9, 141.8, 141.5, 139.9, 138.3, 135.2, 132.9,5.&C), 130.1 (2C), 127.6, 127.0,
126.5 (2C), 126.0 (2C), 125.9, 124.9, 124.6, 1191B,4, 113.5, 51.7, 27.5, 215
(ES mass): 633.9 (M+1); HPLC: 99.2%olumn: Symmetry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % Formic Acid in watenpbile phase B: C}CN
(T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/50; floste: 1.0 mL/minDiluent: ACN:
WATER (90:10); UV 210.5 nm, retention time 7.9 min.

5.5.1.18. N-(4-bromophenyl)-3-chlor o-N-(2-(6-methyl-1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22i)
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< on
/
N\ Cl N

N N

J

Br

Yield: 91%: Brown solid; m.p.165-168C; R = 0.4 (10% EtOAc/h-hexane); IR
(KBr, cmi'): 3783.5, 3433.4, 3407.4, 2926.1, 2828.7, 1596492.2, 1437.9, 1354.0;
'H NMR (400 MHz, CDCJ) &: 7.90 (d,J = 8.0 Hz, 1H), 7.86-7.80 (m, 2H), 7.71-7.56
(m, 4H), 7.49 (dJ = 8.2 Hz, 1H), 7.44 (d) = 8.7 Hz, 2H), 7.12 (t) = 8.3 Hz, 3H),
6.98 (d,J = 8.7 Hz, 2H), 4.60 (tJ = 7.10 Hz, 2H), 3.62 (t) = 7.1 Hz, 2H), 2.51 (s,
3H), 2.35 (s, 3H)*C NMR (100 MHz, CDGJ) §:151.7, 149.2, 145.8, 145.0, 141.6
(2C), 139.9, 139.8, 138.3,135.3, 135.1, 132.4, 1,3@30.0, 127.6, 127.5, 127.1,
126.5, 126.0, 125.9 (2C), 125.8, 125.7, 119.1,31813.5 (2C), 51.7, 27.6, 21.9,
21.6; MS (ES massB47.8 (M+1);HPLC: 98.8%,Column:Symmetry C-18 75 * 4.6
mm, 3.um, mobile phase A:.Q % TFA in watermobile phase B: C¥CN (T/%B):
0/50, 1/50, 6/98, 12/98, 13/50, 15/50; flomte 1.0 mL/min; Diluent: ACN: WATER
(90:10); UV 210.5 nmretention time 8.0nin.

5.5.1.19. N-(4-bromophenyl)-3-chlor o-N-(2-(6-chlor o-1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (22))

<
/
Cr

N N

)

Br

Yield: 89%: Brown solid; m.p.190-193C; R; = 0.4 (10% EtOAc/h-hexane);IR
(KBr, cm'): 3786.4, 3432.4, 3383.2, 2958.9, 2830.6, 2715695.2 , 1486.2, 1443.7,
1380.1, 1353.'H NMR (400 MHz, CDC}J) &: 8.05 (s, 1H), 7.91-7.88 (m, 1H), 7.79
(d,J= 7.6 Hz, 1H), 7.69-7.56 (m, 4H), 7.51 @ 8.6 Hz, 1H), 7.45 (tJ = 8.8 Hz,
2H), 7.28 (dd,J = 8.6, 1.2 Hz, 1H), 7.13 (d,= 8.1 Hz, 2H), 6.98 (1) = 8.8 Hz, 2H),
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4.59 (t,J = 7.1 Hz, 2H), 3.61 (t) = 7.0 Hz, 2H), 2.36 (s, 3H}*C NMR (100 MHz,
CDCl3) 6: 153.1, 149.1, 146.3, 144.9, 141.5, 140.4, 139.8,3,3.34.9, 133.5, 132.5
(2C), 130.7, 130.2 (2C), 130.1, 127.6, 127.0, 12626.5, 126.0, 125.9, 125.3, 120.4,
118.4, 113.7, 109.9, 51.6, 27.6, 21MS (ES mass)667.8 (M+1);HPLC: 88.8%,
Column: Symmetry C-18 75 * 4.6 mm, 8rf, mobile phase A: 0.% TFA in water,
mobile phaseB: CH3;CN (T/%B): 0/50, 2/50, 10/98, 15/98, 18/50, 20/50; flow rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 225.5m retention time 7.9 min.

5.5.1.20. 3-chlor o-N-(4-fluor ophenyl)-N-(2-(1-tosyl-1H-benzo[d]imidazol-2-
yhethyl)quinoxalin-2-amine (22k)

Y
e
P> Ts
N N

)

F

Yield: 93%; Brown solid; m.p.141-142%C; R = 0.4 (20% EtOAch-hexane); IR
(KBr, cmi’): 3057.2, 2953.0, 2920.2, 1599.4, 1539.7, 147B438.5, 1369.2, 1226;
'H NMR (400 MHz, CDC}) &: 8.03 (d,J = 7.6 Hz, 1H), 7.87 (dJ = 8.4 Hz, 1H),
7.77 (d,J = 8.0 Hz, 1H), 7.64-7.61 (m, 4H), 7.55 Jt= 8.0 Hz, 1H), 7.36-7.28 (m,
2H), 7.10 (tJ = 6.9 Hz, 4H), 7.02 (t) = 8.4 Hz, 2H), 4.58 () = 7.2 Hz, 2H), 3.65
(t, J = 7.2 Hz, 2H), 2.33 (s, 3H)**C NMR (100 MHz, CDGJ) &: 161.6 (C-FJ =
244.1 Hz), 159.1, 152.5, 149.4, 145.8, 142.0, 14149.8, 141.2, 139.9, 138.0, 135.2,
132.9 (2C), 130.0, 129.2, 127.5, 127.2, 126.9, 126-FJ = 8.3 Hz), 126.7, 126.5,
124.8, 124.6, 119.7, 116.3 (CI= 22.6 Hz), 116.1, 113.4 ( 2C), 109.9, 52.0, 27.3,
21.5;MS (ES mass): 572 (M+1HPLC: 98.6%,Column: Symmetry C-18 75 * 4.6
mm, 3.5um, mobile phase A: 0.1 % Formic Acid in water, nelphase B: CECN
(T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/50; floate: 1.0 mL/min; Diluent: ACN:
WATER (80:20); UV 210 nm, retention time 7.4 min.

5.5.1.21. 3-chlor o-N-(4-fluor ophenyl)-N-(2-(6-methyl-1-tosyl-1H-
benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amine (221)
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/
©:N\ ClJ/LN
Lk
N N

)

F

Yield: 86%; White solid; m.p.141-142%C: R = 0.4 (20% EtOAch-hexane); IR
(KBr, cm™): 3799.0, 3714.0, 3461.4, 3293.5, 2927.1, 28387%9.7, 1597.1, 1486.2,
1358.9;'"H NMR (400 MHz, CDGJ) &: 7.91-7.83 (m, 2H), 7.79 (d,= 8.4 Hz, 1H),
7.70-7.61 (m, 3H), 7.60-7.53 (m, 1H), 7.51 & 8.1 Hz, 1H), 7.17-7.07 (m, 5H),
7.03 (t,J = 8.5 Hz, 2H), 4.57 (t) = 7.1 Hz, 2H), 3.62 (t) = 7.2 Hz, 2H), 2.51 (s,
3H), 2.34 (s, 3H)*C NMR (100 MHz, CDGJ) &: 161.6 (C-FJ = 244.3 Hz), 159.1,
152.5, 149.4, 145.8, 142.0, 141.9, 141.8, 141.2,993138.0, 135.3, 135.0, 133.1,
129.9 (2C) , 127.5, 127.1, 126.8, 1261826.6 (C-FJ = 8.4 Hz),126.5 (2C), 126.4
(2C),125.9, 119.0, 116.2 (C-F=22.7 H2),116.0 (2C), 113.4, 52.0, 27.3, 21.8, 21.5;
MS (ES mass): 586 (M+1HPLC: 98.8%, Column: Symmetry C-18 75 * 4.6 mm,
3.5um, mobile phase A: 0.1 % Formic Acid in water, mlebphase B: CECN
(T/%B): 0/50, 1/50, 6/98, 12/98, 13/50, 15/50; floate: 1.0 mL/min; Diluent: ACN:
WATER (80:20); UV 210 nm, retention time 7.6 min.

5.5.1.22. N-benzyl-3-chlor o-N-(2-(1-tosyl-1H-benzo[d]imidazol-2-
yh)ethyl)quinoxalin-2-amine (22m)

Y
@[NiNﬁ T
O

Yield: 73%; White solid; m.p.125-13C; R = 0.3 (10% EtOAch-hexane); IR (KBr,
cm?): 3431.5, 3412.2, 2966.6, 2827.7, 2720.7, 15a4380.1, 1353.1*H NMR (400
MHz, CDCB) &: 8.04-7.96 (m, 1H), 7.91-7.84 (m, 1H), 7.71-7.62 @H), 7.60-1,56
(m, 2H), 7.55-7.47 (m, 1H), 7.46-7.37 (m, 2H), 7(89) = 7.18 Hz, 5H), 7.13 (d] =
7.6 Hz, 2H), 4.87 (s, 2H), 4.13 (s, 2H), 3.57 J& 0.49 Hz, 2H), 2.34 (s, 3H}’C
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NMR (100 MHz, CDC}) &: 152.5, 151.5, 145.8, 141.8, 140.7, 139.8, 137.8,6.3
(2C), 135.2, 132.9, 130.2, 130.1, 130.0, 128.4,.84,2127.2, 126.9, 126.8, 126.6,
124.8, 124.6, 121.9, 119.7, 113.5 (2C), 109.9, 547®, 27.9, 21.6; MS (ES mass):
568 (M+1); HPLC: 98.6%, Column: Symmetry C-18 75 * 4.6 mm, 3 mobile
phase A: 0.1 % Formic Acid in water, mobile phaseCB:3:CN (T/%B): 0/50, 1/50,
6/98, 12/98, 13/50, 15/50; flow rate: 1.0 mL/minijuent: ACN: WATER (90:10);
UV 250 nm, retention time 7.5 min

5.5.1.23. N-benzyl-3-chlor o-N-(2-(6-methyl-1-tosyl-1H-benzo[d]imidazol-2-
yhethyl)quinoxalin-2-amine (22n)

/
N Cl N
I Ts
N N

Yield: 81%; Light green solid; m.p.174-176; R = 0.3 (10% EtOAch-hexane); IR
(KBr, cm™): 3433.4, 3407.4, 3383.2, 2927.1, 2829.6, 2721694.2, 1590.3, 1492.9,
1443.7, 1381.0, 1354.844 NMR (400 MHz, CDCY) &: 7.86 (d,J = 8.4 Hz, 1H), 7.80
(s, 1H), 7.70 (dJ = 8.4 Hz, 1H), 7.65-7.58 (m, 3H), 7.52 {t= 7.2 Hz, 1H), 7.44-
7.40 (m, 3H), 7.30 (t) = 7.08 Hz, 3H), 7.15-7.08 (m, 3H), 4.86 (s, 2H), 41,2 =
7.3 Hz, 2H), 3.53 (t) = 7.3 Hz, 2H), 2.49 (s, 3H), 2.34 (s, 3HJC NMR (100 MHz,
CDCl3) 3: 151.8, 151.5, 145.7, 140.7, 139.8, 137.8, 135.8,013133.1, 130.1 (2C),
129.9, 128.4 (2C), 127.8 (2C), 127.5, 127.2, 1262%.8, 126.5 (2C), 125.9, 119.1
(2C), 113.5 (2C), 54.8, 48.0, 27.9, 21.9, 2IM& (ES mass): 582 (M+1); HPLC:
99%, Column: Symmetry C-18 75 * 4.6 mm, 88, mobile phase A: 0.1 % Formic
Acid in water,mobile phase B: C¥CN (T/%B): 0/50, 1/50, 6/98, 12/98, 13/50,
15/50; flow rate: 1.0 mL/minDiluent: ACN: WATER (90:10); UV 250 nm, retention

time 7.8 min.
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N-heterocyclic rings: a rapid access to novel small
molecules via Cu-mediated reactiont
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A rapid, versatile and one-pot Cu-mediated domino reaction has been
developed for facile assembly of two six membered fused N-heterocyclic
rings leading to novel small molecules as potential inhibitors of PDE4.

The development of elegant, versatile and new synthetic metho-
dologies leading to the diversity based N-heterocycles is of enor-
mous importance. Metal catalyzed cascade/domino reactions” have
occupied the center stage due to their ability to provide an array
of diverse and novel compounds especially for medicinal/
pharmaceutical uses or early drug discovery effort.

Evaluation of phosphodiesterase 4 (PDE4) inhibition for the
potential treatment of CNS related diseases in addition to COPD
and asthma has underlined the importance of development of PDE4
inhibitors.> Only one drug ie roflumilast (Daxas®, Nycomed) has
been launched so far and side effects including nausea and emesis®
have delayed the market launch of cilomilast. Thus, discovery of novel
PDEA4 inhibitors having fewer side effects is desirable. In pursuance of
our research on identification of fused N-heterocycle based PDE-4/
TNF- inhibitors® we required new routes to access our target
compound C that was derived from our earlier inhibitors®*? A/B
(Fig- 1). Accordingly, we have developed a new and versatile Cu-

s a)

Fig. 1 Design of novel PDE-4/TNF-a inhibitors (C

quinazolin-
4(3H) -one

|soqu|nol|n-
1(2H)-one

) derived from A/B.3??
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500 046, India. E-mail: manojitpal@rediffmail.com; Tel: +91 40 6657 1500

b Department of Chemical Sciences, Indian Institute of Science Education and
Research, Kolkata, West Bengal 741252, India

T Electronic supplementary information (ESI) available: Experimental

procedures, spectral data for all new compounds, and results of in vitro and

docking study. CCDC 902761. For ESI and crystallographic data in CIF or other

electronic format see DOI: 10.1039/c2¢cc37070k
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Scheme 1 Synthesis of 3 via Cu-catalyzed domino reactions.

mediated domino reaction leading to one-pot synthesis of C (or 3 and
5, Scheme 1) under mild conditions without using any co-catalyst,
ligand or additive. Herein we report our preliminary results.

While chemistry of quinazolin-4(3H)-ones and isoquinolin-
1(2H)-ones is well documented their combined form C (3 and 5)
remained unexplored.’ Thus, in addition to evaluating their

Table 1 Effect of conditions on domino reaction of 1a with 2a*

Cu-cat. O,Et
ON—ome (10 mol%)  © N 2
H | CN base =
N)//@ +< solvent N
CO,Et g50oC
1a © 2 3h 3a°
a a
Entry Catalyst Base Solvent Yield® (%)
1 Cul K,CO; DMSO 87 (60, 32)°
2 Cul Na,CO, DMSO 71
3 Cul Cs,CO;3 DMSO 86
4 Cul K,COs DMF 74
5 Cul K,CO3 1,4-Dioxane 46
6 Cul K,CO; Toluene 0
7 CuBr K,CO; DMSO 81
8 Cucl K,CO, DMSO 69
9 No cat. K,CO;3 DMSO 0

¢ Reactions were carried out using

1a (1 mmol), 2a (1.2 mmol), catalyst

(0.1 mmol) and base (3 mmol) in a solvent (2 mL) under anhydrous

conditions. ? Isolated yield. © 0.05

and 0.02 mmol of Cul used.
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Table 2 Cu-catalyzed synthesis of 5H-isoquinolino[2,3-alquinazoline-5,12(6H)-

dione (3)?
O Cul
OR3X cN (10 mol%)
= H =Y. < cho3 / NN
RN z/ Nt R Dwso
O 1 2 85°C
Halide (1)
Ry, Ry, X, Nitrile (2) Product (3) Yield”
Entry Y,Z R, T/h Ry, Y,Z R, (%)
1 H, CH;, I, CO,Et 3.0 H, CH, CH, 87
CH, CH 2a CO,Et
la 3a
2 H, CHj, Br, 2a 3.5 3a 84
CH, CH
1b
3 H, CH;, Cl, 2a 6.0 3a 0
CH, CH
1c
4 1a CO,Me 3.0 H,CH, CH, 86
2b CO,Me
3b
5 1a CN 4.0 H, CH, CH, CN 76
2¢ 3¢
H, CH, CH,
6 1a O/_\N j< 35 /\ _< 77
/% 0\_/N X
2d 3d
H, CH, CH,
7 1a >~ N 3.0 63
S \N» { iB‘
2e 3e 7N
8 H, CH;, Cl, 2a 4.0 H,N,CH, 73
N, CH CO,Et
1d 3f
9 ‘Bu=, CH;, 2a 3.0 ‘Bu=, CH, CH, 85
I, CH, CH CO,Et
le 3g
10 1e 2¢ 3.5 'Bu=, CH, CH,CN 72
3h
11 1e 2d 3.5 ‘Bu=, CH, CH, 72
O/_\ _<
N )
3i
12 Ph, CH;, I, 2a 3.0 Ph, CH, CH, 74
CH, CH CO,Et
1f 3j
13 1f 2b 3.0 Ph, CH, CH, 69
CO,Me
3k
14 1f 2d 3.5 Ph, CH, CH, 68
O/_\N _<
%
31
15 2-Thienyl, 2a 3.0 2-Thienyl, CH, 72
CHj, I, CH, CO,Et
CH, CH 3m
1g
16 H, C,H;, I, 2a 3.0 H, CH, N, CO,Et 63
CH, N 3n
1h
17 NO,, CH;, I, 2a 3.5 NO,, CH, CH, 65
CH, CH CO,Et
1i 30

¢ All the reactions were carried out using 1 (1 mmol), 2

(1.2 mmol), Cul

(0.1 mmol) and K,CO; (3 mmol) i in DMSO (2 mL) under anhydrous
conditions (no inert atmosphere). ©

Isolated yield.

This journal is © The Royal Society of Chemistry 2013
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Table 3 Cu-catalyzed synthesis of 4H-pyrido[1,2-althieno[3,2-e]pyrimidine-
4,9(5H)-dione (5)¢

0

Cul
OFt CN K,CO3
R1 R1
e r@ A
Rz DMSO
0 85°%c Rs
Halide (4) Nitrile Product (5) Yield®
Entry Ry, R, X, Y (2)R, T/h Ry, R3 Ry, Y (%)
1 Ry, Ry = <(CH,),-, CO,Et 6.0 Ry, Rz = —(CH,),-, 75
I, CH 2a CO,Et, CH
4a 5a
2 4a CN 7.0 Ry, Rz = —(CH,),s-, 64
2¢ CN, CH
5b
3 4a 2d 6.5 Ry, Rz = -(CH,),-, 69
O/_\N
" o.CH
5¢
4 Ry, R3 = <(CH,),-, 2a 8.0 Ry, R3 = —(CH,),-, 61
Cl, N CO,Et, N
4b 5d
5 4b 2d 6.5 Ry, R; = -(CH,),, 60
4\ j<
—/ O.N.
5e
6 Ry, Ry = «(CH,),- 2a 6.0 Ry, Rz = —(CH,),~ 70
N(Boc)-CH,-, I, CH N(Boc)-CH,-,
4c CO,Et, CH
5f
7 4c 2¢ 7.0 Ry, Rz = (CH,),- 61
N(Boc)-CH,-,
CN, CH
58
8 Ry, Ry = «(CH,),- 2a 6.0 Ry, Ry = —(CH,),~ 71
N(CO,Et)-CH,-, I, N(CO,Et)-CH,-,
CH CO,Et, CH
ad 5h
9 R;, R; = «(CHy)3-, 2a 6.0 Ry, Rz = -(CHy);3-, 68
I, CH CO,Et, CH
4e 5i
10 Ry, Ry = —(CHy)s-, 2a 6.0 Ry, Rz = -(CHp)s5-, 70
I, CH CO,Et, CH
af 5§
11 4f CO,Me 6.5 Ry, Rz = —(CH,)s5-, 72
2b CO,Me, CH
5k
12 4f 2¢ 7.0 Ry, R; = —(CH,)s5-, 61
CN, CH
51
13 Ry, Rz = —(CHp)s-, 2a 8.5 Ry, Rz = <(CH,)s-, 63
Cl, N CO,Et, N
4g 5m
14 Ry, Rz = —(CHy)e-, 2a 6.0 Ry, Rz = -(CH,)¢-, 68
I, CH CO,Et, CH
4h 5n
15  4h 2b 6.5 Ry, Rz = -(CH,)e-, 69
CO,Me, CH
50
16  Ph,H, I, CH 2a 6.0 Ph, H, CO,Et, CH 70
4i 5p
17  Ph,H,CL N 2a 8.0 Ph, H, CO,Et, N 62
4j 5q
18 H, H,I, CH 2a 6.5 H, H, CO,Et, CH 72
4k 5r
19 4k 2d 7.5 59
H,H, 0 N*< CH
5s

“ For reaction conditions, see footnote of Table 2. ? Isolated yield.
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Fig. 2 Binding mode and interactions of 5e with PDE4B active sites.

PDE4 inhibiting properties the development of a suitable
methodology leading to C was a major challenge. We envisioned
that Cu-mediated C-arylation of nitriles (e.g. E-1) followed by an
intramolecular nucleophilic addition of NH to CN would afford
the initial 6-membered ring in situ (E-3 via E-2, Scheme 1). A
subsequent intramolecular nucleophilic attack by the 3-amino
moiety of E-3 on its ester group would allow the formation of a
fused pyrimidone ring leading to 3 or 5.

The key starting material 1 or 4 required for our synthesis was
prepared via amide bond formation between 2-halo (het)aryl car-
boxylic acid chloride and 2-amino (het)aryl carboxylate ester (see
ESIT). We then examined the coupling of iodo compound 1a with
ethyl cyanoacetate (2a) under various conditions. After assessing a
range of bases e.g. K,COj3, Na,CO; and Cs,CO; (entries 1-3, Table 1),
solvents e.gz. DMSO, DMF, 14-dioxane and toluene (entries 1 and
4-6, Table 1) and catalysts e.g. Cul, CuBr and CuCl (entries 1, 7 and 8,
Table 1) a combination of Cul and K,CO; in DMSO was found to be
optimum. A decrease in Cul loading decreased the product yield and
no reaction in the absence of Cul (entries 1 and 9, Table 1) indicated
the key role played by the catalyst.

We then examined the scope of the present Cu-catalyzed domino
reaction which afforded compound 3 with a variety of substitution
patterns (Table 2). The reaction proceeded well with various sub-
stituents on 1 e.g. R, = alkynyl (entries 9-11, Table 2), phenyl (entries
12-14, Table 2), 2-thienyl (entry 15, Table 2), or NO, (entry 17,
Table 2) group irrespective of X being I or Br (entry 1 vs. 2, Table 2)
except Cl (entry 3, Table 2) unless it is attached to an azomethine
carbon (entry 8, Table 2). In addition to the use of various nitriles
(2a-e) the reaction was also successful for thiophene analogues of 1
(Table 3) i.e. 4 containing various substituents e.g. Ry, R; represent-
ing a fused alicyclic (entries 1-5 and 9-15, Table 3) or azaalicyclic
(entries 6-8, Table 3) ring or hydrogens (entries 18 and 19, Table 3)
or R; = Ph and R; = H (entries 16 and 17, Table 3). All the
compounds synthesized were well characterized by spectral (NMR,
IR and MS) data and the molecular structure of 5k was confirmed
unambiguously by single crystal X-ray diffraction study (see ESIt).°

Mechanistically, the intermediacy of E-1 (Scheme 1) was
confirmed by isolation of 6 from the reaction of 1a with 2a at
room temperature (Scheme 2). The shorter reaction time (2 h) for
the conversion of 6 to 3a in the presence of Cul indicated the

192 | Chem. Commun., 2013, 49, 190-192
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O,Me CO.Et _Th_ 3a
2a, Cul o,
KoCOs NC K,CO3 (75%)
1a > NH cul
DMSO DMSO| 2h 3a
RT.2h g (10%) O 85°C (87%)

Scheme 2 Preparation of intermediate 6 and its conversion to 3a.

favorable role played by the catalyst in the cycloaddition step
(perhaps via coordination with CN) in addition to C-arylation.

Some of the synthesized compounds showed promising
inhibition of PDE4B [e.g. 3f (51%), 3n (57%) and 5e (62%)]
when tested in vitro’ at 30 pM (see ESI}). This was further
supported by the docking results of 5e (Fig. 2) (and 3n, see ESIf)
with PDE4B protein (Glide score —7.4). The oxygen atom of the
morpholine ring of 5e along with the CO group participated in
H-bonding with NH of His-278 and OH of Tyr 233 respectively. A
pi-pi stacking between 5e and Phe-446 was also observed (Fig. 2).
The morpholine ring of 5e was found to be well occupied in the
partially charged pocket of active sites (see ESIY).

In conclusion, a new, one pot and versatile Cu-mediated
domino reaction has been developed that allowed rapid access
to a library of small molecules based on novel structural motifs.
Three of these compounds showed inhibition of PDE4B in vitro
and may have potential for therapeutic applications.

RA and RS thank CSIR for research fellowships. The authors
thank Prof. J. Igbal and DST (Grant SR/S1/OC-53/2009) for support.
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A conceptually new and general strategy has been developed for
the construction of a benzimidazole or a benzoxazole ring fused
with isoquinolinone affording a diverse and unique class of small
molecules as potential and novel inhibitors of PDE4.

The development of new and powerful chemical methodologies
leading to fused heteroaromatics is of immense value as
it allows access to the diversity based novel chemical space
useful for pharmaceutical/drug discovery efforts. Through the
generation of a combinatorial library of small molecules these
methodologies often provide crucial breakthroughs in the
discovery of new chemical entities (NCEs) required by pharma-
ceutical/agrochemical industries.

While benzimidazole or benzoxazole and isoquinolinone are
well known structural motifs in drug discovery/medicinal chemistry
their combined form ie. (benzimidazo or benzoxazolo)iso-
quinolinones largely remained unexplored perhaps due to the
limited or no accessibility of this class of compounds.’ This
prompted us to explore” a new and general method of accessing
benzimidazo[1,2-b]isoquinolin-11-one/benzoxazolo[3,2-b]iso-
quinolin-11-one derivatives as potential inhibitors of phospho-
diesterase 4 (PDE4). PDE4 inhibitors are known to be useful
anti-inflammatory agents for the potential treatment of chronic
obstructive pulmonary disease (COPD) and asthma.? Qur target
molecules B derived from a known anti-inflammatory agent*
CP-77059 (Fig. 1) were designed based on the in silico docking studies
of a representative compound A (Fig. 1) into the active site of PDE4B
(Fig. 2). The study showed binding of A deep into the active site
(docking score —22.07) along with an H-bond interaction of carbonyl
oxygen of ester with the side chain amino group of Gln 443 (see ESI}).

“Dr Reddy’s Institute of Life Sciences, University of Hyderabad Campus,
Gachibowli, Hyderabad 500 046, India. E-mail: manojitpal@rediffimail.com;
Tel: +91 40 6657 1500
b poctoral Programme in Experimental Biology and Biomedicine, Center for
Neuroscience and Cell Biology, University of Coimbra, 3004-517 Coimbra,
Portugal
T Electronic supplementary information (ESI) available: Experimental proce-
dures, spectral data for all new compounds, results of in vitro and docking
studies. See DOI: 10.1039/c3cc41337¢
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strategy leading to functionalized fused
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Fig. 1

Design of A/B as novel inhibitors of PDE4.

Fig. 2 Binding mode of A in PDE4B (PDB code-1XMY).

In view of the central role played by heterogeneous catalysts
in various organic transformations,” inexpensive and commer-
cially available Amberlyst-15 attracted our attention due to its
non-hazardous nature and easy removal from the reaction mixture
e.g. via simple filtration. We anticipated that Amberlyst-15
mediated activation of the vinylic amino group of 3-amino-2-
(2-hydroxy/aminophenyl)isoquinolin-1(2H)-one could trigger its
intramolecular cyclization leading to our target compounds
A/B. Herein we report our preliminary results on intramolecular
cyclization of 3-amino-2-(2-amino/hydroxyphenyl)isoquinolin-
1(2H)-one derivative 3 leading to benzimidazo[1,2-blisoquinolin-
11-ones/benzoxazolo[3,2-blisoquinolin-11-ones 4 (or B, Scheme 1).

This journal is © The Royal Society of Chemistry 2013
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Amberlyst-15 mediated activation of a vinylic amino group.
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Scheme 2 Preparation of key starting material 3.

To the best of our knowledge the use of this strategy leading to 4 is
unprecedented.® The key starting material 3 (3a-m; X = NH and
3v-y; X = O) required was prepared via Cu-mediated?”” coupling—
cyclization of 2-iodobenzamides 1 with appropriate cyano deriva-
tives 2 in the same pot (followed by selective N-alkylation to
prepare 3n-u) (Scheme 2).

The Amberlyst-15 mediated intramolecular cyclization of 3a
was examined initially in a variety of solvents (Table 1). The
reaction proceeded well in MeCN, PEG and MeOH (entries 1, 2
and 4, Table 1) but not in DMF (entry 3, Table 1). Notably, the
reaction proceeded in water affording product 4a albeit in lower

Table 1 Effect of conditions on Amberlyst-15 mediated synthesis of 4a®
NH, H O
@[ NH, O Catalyst N OEt
N~ X" ot Solvent @EN ‘
_ 15h /
o}
o
3a 4a
Entry Catalyst Solvent Yield” (%)
1 Amberlyst-15 MeCN 98 (95, 90, 88)°
2 Amberlyst-15 PEG-800 92
3 Amberlyst-15 DMF 47
4 Amberlyst-15 MeOH 90
5 Amberlyst-15 H,0 754
6 No cat. MeCN No reaction
7 Amberlite MeCN No reaction

% Reaction was carried out using 3a (1.0 mmol) catalyst (10%, w/w) in
solvent (5 mL) at 60 °C.° Isolated yield. ° Catalyst was reused for
additional three runs and figures w1th1n parentheses indicate the
corresponding yields for each run. ? The reaction was carried out
at 75 °C.

This journal is © The Royal Society of Chemistry 2013
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yield (entry 5, Table 1). The reaction, however, did not proceed
in the absence of Amberlyst-15 (entry 6, Table 1) or in the
presence of another catalyst i.e. Amberlite (entry 7, Table 1)
indicating the key role played by Amberlyst-15 in the present
reaction. To test the recyclability of the catalyst, Amberlyst-15
was recovered by simple filtration and reused additional three
times when 4a was isolated without significant loss of its yield
(entry 1, Table 1). Notably, all these reactions were performed
without using any inert atmosphere. Overall, Amberlyst-15 in
MeCN was found to be optimum for the preparation of 4a.
We then examined the generality and substrate scope of the
present reaction. A range of substituents e.g. Me, OMe, Cl on
the N-aryl ring and ester, CN, amide on the isoquinolinone ring
of 3 were well tolerated (Table 2). Moreover, the reaction
proceeded well irrespective of the nature of participating amino
groups (e.g. primary or secondary) on the N-aryl ring of 3.
Secondary amines possessing various R® groups like allyl,
propargyl, benzyl, cyanomethyl or 2-ethoxy-2-oxoethyl partici-
pated well in the reaction. The generality of this methodology
was demonstrated further by synthesizing benzoxazolo[3,2-b]iso-
quinolin-11-ones (4v-y) where the phenolic hydroxyl group of the
N-aryl ring of 3 participated in the reaction. All the desired
products were synthesized in good to excellent yields® and well
characterized by spectral (NMR, IR and MS) data (see ESIT).

Table 2 Amberlyst-15 mediated synthesis of 47

R
R XH Amberlyst-15
L e
2 R R2
1 xR cHsen =
R N 3 N
60 °C Y
o} 7 O
3 4

Entry X, R, R', R” substrate (3) t/h  Product (4) Yield® (%)
1 NH, H, H, CO,Et 3a 1.5 4a 98
2 NH, H, H, CO,Me 3b 2.0 4b 87
3 NH, H, H, CN 3¢ 7.0 4c 71
4 NH, H, H, mor°® 3d 11.5 4d 63
5 NH, H, H, CONH, 3e 8.5 4e 65
6 NH, CH,, H, CO,Et 3f 1.5 4af 91
7 NH, CH;, H, CO,Me 3g 2.0 4g 83
8 NH, CH;, H, CN 3h 7.0 4h 75
9 NH, CH3, H, mor 3i 12.0 4i 61
10 NH, OCHj3, H, CO,Et 3j 1.5 4§ 92
11 NH, OCHj;, H, CO,Me 3k 2.0 4k 91
12 NH, Cl, Cl, CO,Et 31 2.0 4l 93
13 NH, Cl, Cl, CO,Me 3m 2.0 4m 90
14 N-Allyl, H, H, CO,Et 3n 3.5 4n 89
15 N-Allyl, CH3, H, CO,Et 30 3.5 4o 91
16 N-Propargyl, H, H, CO,Et 3p 3.0 4p 89
17 N-Propargyl, CH;, H, CO,Et 3q 3.0 4q 86
18 NBn, H, H, CO,Et 3r 4.5 4r 95
19 NBn, OCH;, H, CO,Et 3s 4.0 4s 95
20 NCH,CN, CH;, H, CO,Et 3t 5.0 4t 96
21 NCH,CO,Et, CH;, H, CO,Et 3u 6.0 4u 91
22 0, OCH3;, H, CO,Et 3v 5.0 4v 90
23 0, OCH3, H, CONH, 3w 8.0 4w 85
24 O, OCHj3;, H, mor 3x 8.0 4x 72
25 0, CH;, H, CO,Et 3y 5.0 4y 93

@ All the reactions were carried out using compound 3 (1 mmol) and
Amberlyst-15 (10%, w/w) in CH;CN (5 mL) at 60 °C. ” Isolated yield.
¢ mor = morpholine-4-carbonyl.
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Scheme 3 The proposed reaction mechanism.

@

X
HO ‘N NH;
Z R2
E-2

1Cs50 = 3.06 £1.17 yM

100

%PDE4B inhibition
8

01 1 10 100
4n (pM)

Fig. 3 Dose dependent inhibition of PDE4B by 4n.

Amberlyst-15 (Scheme 3), a macro-reticular polystyrene-based
ion exchange resin, possesses strongly acidic sulfonic groups.
Thus, mechanistically (Scheme 3), the intramolecular cyclization
of 3 seemed to proceed via a two-step process involving (i) a
nucleophilic attack by the ~XH moiety®® of E-1 on its activated
and nearby -C—N- affording the intermediate E-2 followed by (ii)
elimination of ammonia to give the desired compound 4.°” An
attempt to isolate the intermediate E-1 or E-2 from the reaction of
3a under the conditions employed however failed, perhaps due to
its rapid participation in the next step leading to 4a.

Some of the compounds synthesized were tested against
PDE4B using an in vitro enzyme assay.'® The compounds 4a
(A in Fig. 1 and 2), 4f, 4g, 4d and 4n showed 62, 53, 57, 48 and
85% inhibition, respectively, at 30 uM and 4n (ICso ~ 3 uM,
Fig. 3) was comparable with rolipram (IC5, ~ 1 puM). Since
COPD and asthma are the major health burden worldwide, the
present class of compounds is of further interest.

In conclusion, a facile assembly of a benzimidazole or a
benzoxazole ring with isoquinolinone has been achieved via a
conceptually new and general strategy involving Amberlyst-15
mediated activation of a vinylic amino group leading to a
diverse and unique class of small molecules as potential
inhibitors of PDE4.
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Quinoxaline has been identified as a new directing group for the Pd (or
Ru)-catalyzed ortho C-H alkenylation of aniline derivatives and
subsequent hypervalent iodine promoted intramolecular ortho C-H
cycloamination of the resulting N-arylquinoxalin-2-amine derivatives.
This two-step strategy afforded alkenyl substituted benzo[4,5]imidazo
[1,2-alquinoxalines as inhibitors of PDE4. The Pd-catalyzed ortho C—H
alkenylation of phenol derivatives was also performed successfully
when quinoline was found to be an effective directing group.

The strategy consisting of directed ortho C-H functionalization
followed by converting the directing group into an integral part of
the target molecule is of fundamental interest as this may allow
easy and quick access to functionalized heteroarenes for their
potential applications in organic/medicinal/pharmaceutical
chemistry.

While functionalized alkenes' have been explored in the
discovery of new drugs® e.g. tamoxifen® in the past, assembly of
polynuclear heteroarene and an alkenyl moiety in the same
molecule largely remain underexplored. Their potential appli-
cations in medicinal and pharmaceutical chemistry and our
interest in bioactive alkenyl substituted heteroarenes®* promp-
ted us to focus on alkenyl substituted benzo[4,5]imidazo[1,2-a]-
quinoxalines (A, Fig. 1) and their pharmacological evaluation
in vitro. Indeed the selection of benzo[4,5]imidazo[1,2-a]qui-
noxaline ring was inspired by the promising pharmacological
properties of structurally related imidazo[1,2-a]quinoxaline
based molecules*® e.g. EAPB0203 (B, Fig. 1). The core structure
of A i.e. the central polynuclear heterocyclic ring can be realized
simply by moving and fusing the benzene ring of 3-methoxy
phenyl group with the imidazole ring of B.

Alkenylation is one of the most powerful methods for
accessing substituted alkenes® that involved Pd-catalyzed
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coupling of aryl halides with alkenes (the Mizoroki-Heck reac-
tion).” However, because of drawbacks such as limited avail-
ability of expensive aryl halide component, or their cumbersome
preparation, direct C-H bond olefination (the Fujiwara-Moritani
reaction)® has attracted huge attention as a greener alternative
during past several years. While transition metals have been
used extensively for the C-H functionalization leading to C-C
and C-heteroatom bond formation,® the Pd-catalyzed chelation-
directed sp> C-H activation has been found to be a highly
effective strategy for this purpose.'® This approach involves the
use of o-chelating directing groups with a metal center that leads
to o-selectivity via in situ generation of conformationally rigid
rings. A range of directing groups has been reported to aid
C(Ar)-H activation until recently e.g. pyridine,**** imidazoline,'**
pyrazole,'® oxazoline,'¥* amide,' oxime ether,'? ketones,
hydroxyl,*®™ carboxylic acids,'° 2-pyridylsulfinyl,"” quinoli-
ne' etc. However, several of these groups are non-removable

10k

and are considered as serious limitations for practical applica-
tions of these processes. In our strategy we wondered if any of
these groups or a new one could be considered as a pre-installed
precursor required for further chemical transformation instead
of attempting their removal after the C-H activation step. This
strategy appeared to be attractive and economical as it could
allow salvaging of directing groups. A retro synthetic analysis of
A (Fig. 2) revealed that a quinoxaline moiety could serve the
purpose and it was therefore necessary for the quinoxaline
moiety to play the role of a directing group in the present case.

@ @

N = _\ N
\ MeO\dj
v, A 5 B

Fig. 1 New alkenyl substituted benzo[4,5]imidazo[1,2-alquinoxalines
(A) and a known imidazo[1,2-alquinoxaline derivative EAPB0203 (B).

This journal is © The Royal Society of Chemistry 2015
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This prompted us to test quinoxaline as a new directing group
for the C-H functionalization with o-selectivity."* Herein we
report our preliminary results on the Pd (or Ru)-catalyzed
o-alkenylation of aniline derivatives via C-H activation assisted
by quinoxaline (Scheme 1). We also report subsequent conver-
sion of the resulting N-arylquinoxalin-2-amine derivatives (5) to
A (or 6) via hypervalent iodine promoted intra-molecular C-H
cycloamination reaction” under mild and environmental
friendly conditions (Scheme 1). To our knowledge the use of this
two-step strategy consisting of ortho C-H functionalization fol-
lowed by intramolecular C-H cycloamination involving qui-
noxaline moiety leading to alkenyl substituted polynuclear
N-heteroarenes e.g. benzo[4,5]imidazo[1,2-a]quinoxalines®® is
not common in the literature. Moreover, though synthesis of this
class of N-heteroarenes has been reported earlier their alkenyl
analogues are not known. The effectiveness of quinoline in the o-
alkenylation of phenol derivatives via C-H activation under the
conditions studied was also examined.

Having prepared the required starting materials (3a-g)
according to the reported methods' (see ESIf) we began our
study with the coupling of 3a with ethyl acrylate (4a) under
various conditions (Table 1). The reaction was initially per-
formed in the presence of a Pd-catalyst, Cu(OAc),, trifluoro-
acetic acid (TFA), in CH3CN at 60 °C for 12 h under open air. The
use of Pd(PPh;),, Pd(dba);, and Pd(PPh;),Cl, did not afford
good yields of 5a (entries 1-3, Table 1). However, a dramatic
increase in yield of 5a was observed when Pd(OAc), was used
(entry 4, Table 1). The change of oxidants e.g. the use of K,S5,04

new /—>*/\
%, directing Ny S
Ny group?
o OO RO
I N “aL N~ "NH
N r:>

— H \

H
Q\/ﬁ oA \‘ /
C-H

C-Hbond activation? "™

), A cycloamination ~w

Fig. 2 Retrosynthetic analysis of compound A.

1
N

CO,R3
N
h_ 4 R
Pd(OAC),,
Cu(OAc),
3 R2 TFA,CH,CN 5 R?
0
607C, 12h PIDA
Nyp©Far (R*=H | CHsCN
X=N room temp
N \N Y = NH) 30 min

-~ air

//—CO,R®
R? 6

Scheme 1 Pd-catalyzed ortho C—H functionalization followed by
intramolecular C—H cycloamination under open air leading to alkenyl
substituted N-heteroarenes (6).
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Table 1 Effect of conditions on the reaction of 3a with 4a“

Ny Cl Pd-cat Ny -Cl
_ CO.Et  oxidant ;[
N NH 4+ W —— N NH

CO,Et
additive
4a solvent
60 °C, 12h
32  OCH, air 5a  OCHj
Entry  Catalyst Additive/oxidant  Solvent % Yield”
1 Pd(PPhy), TFA/Cu(OAc), CH,CN 26
2 Pd(dba) TFA/Cu(OAc), CH;CN 35
3 Pd(PPh;),Cl,  TFA/Cu(OAc), CH,CN 52
4 Pd(OAc), TFA/Cu(OAc), CH,CN 84
5 Pd(OAc), TFA/K,S,04 CH,CN 22
6 Pd(OAc), TFA/CuCl, CH,CN 0
7 Pd(OAc), TFA/— CH;CN 30°
8 Pd(OAc), TFA/Cu(OAc), 1,4-Dioxane 82
9 Pd(OAc), TFA/Cu(OAc), DMF 10
10 Pd(OAc), TFA/Cu(OAc), DCE 48
11 Pd(OAc), TFA/Cu(OAc), EtOH 0
12 Pd(OAc), TFA/Cu(OAc), Toluene 72
13 — TFA/Cu(OAc), CH;CN o4
14 Pd(OAc), —/Cu(OAc), CH;CN 28°
15 Pd(OAc), PivOH/Cu(OAc),  CH;CN Trace
16 Pd(OAc), AcOH/Cu(OAc),  CH,;CN 19
17 Pd(OAc), TFA/Cu(OAc), CH;CN a5
18 Pd(OAc), TFA/Cu(OAc), CH,;CN 80°

@ All the reactions are carried out using 3a (1 mmol), alkene 4a
(1.5 mmol), a Pd-catalyst (5 mol%), an oxidant (1.5 mmol) and an
addltlve (1.2 mmol) in a solvent (2.5 mL) at 60 °C for 12 h under open
air. ? Isolated yield. °No oxidant. ¢ No catalyst. ° No additive.
/ performed at 40 °C. ¢ Reaction time was 24 h.

and CuCl, in place of Cu(OAc), was discouraging (entries 5 & 6,
Table 1) and CuCl, acted as an inhibitor. While some progress
of reaction was observed when no oxidant was used (perhaps
assisted by aerial oxygen) the yield of 5a was low (entry 7, Table
1). The use of other solvents such as 1,4-dioxane, DMF, DCE
(1,2-dichloroethane), EtOH and toluene in place of CH;CN was
also ineffective (entries 8-12, Table 1) except 1,4-dioxane. The
role of Pd(OAc), and TFA was confirmed by performing the
reaction in the absence of these reagents where no or poor yield
of 5a was observed (entries 13 & 14, Table 1). Indeed, TFA was
better compared to other additives e.g. PivOH and CH;COOH
(entries 15 & 16, Table 1). The decrease of reaction temperature
from 60 °C decreased the product yield (entry 17, Table 1)
whereas increase of temperature (e.g. to 80 °C) resulted quick
evaporation of TFA (bp 72.4 °C). Moreover, a longer reaction
time was also found to be less effective (entry 18, Table 1).
Notably, the present quinoxaline directed ortho C-H alkenyla-
tion proceeded well in the presence of a Ru(u) catalyst (vide
infra). However, requirement of sealed tube in this case
prompted us to proceed with Pd(u)-catalyzed method and the
conditions of entry 4 appeared to be optimal.

To expand the generality and scope of this methodology a
range of substrates e.g. 3a-f carrying substituents such as MeO,
Me, F, Cl and Br on the N-phenyl ring were employed (Table 2).
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Table 2 Synthesis of alkenyl substituted N-arylquinoxalin-2-amine

derivatives (5)¢
]
Pd(OAc), /I CO,R?
=
N O NH CO,R® NTUNH 2
H

Cu(OAc),
R4 + <\ —_ R4
TFA, CH;CN
60°C,12h
3 R2 4 air 5 R2
Substrate (3)  Alkene (4)  Product (5)

Entry R', R’ R'= R*= R, R? R*, R°= Yield? (%)
1 3a 4a 5a 84
Cl,OCH;, H Et Cl, OCHj, H, Et
2 3a 4b 5b 82

Me Cl, OCHj, H, Me
3 3a 4c 5¢ 67
t-Bu Cl, OCHj;, H, t-Bu
4 3b 4a 5d 75
Cl, CH;, H Cl, CH;, H, Et
5 3b 4b 5e 80
Cl, CH;, H, Me
6 3b 4c 5f 62
Cl, CH;, H, t-Bu
7 3c 4a 5g 77
ClL, CL, H Cl, Cl, H, Et
8 3c 4b 5h 71
Cl, Cl, H, Me
9 3c 4c 5i 59
Cl, Cl, H, t-Bu
10 3d 4a 5§ 78
Cl, Br, H Cl, Br, H, Et
11 3d 4b 5k 74
Cl, Br, H, Me
12 3e 4a 51 79
CL F,H Cl, F, H, Et
13 3e 4c 5m 74
Cl, F, H, t-Bu
14 3f 4b 5n 55
Cl, H, OCH,4 Cl, H, OCH;, Me
15 3a Et 5a 84

Cl,OCH;, H 4a Cl, OCH;, H, Et

¢ All the reactions are carried out using compound 3 (1 mmol), alkene 4
(1.5 mmol), Pd(OAc), (5 mol%), Cu(OAc), (1.5 mmol) and TFA
(1.2 mmol) in CH,;CN (2.5 mL) at 60 °C, under air. ? Isolated yield.

The other coupling partner e.g. 4a—c generally included Me, Et
or t-Bu ester of acrylic acid. The reaction proceeded well in all
these cases affording the corresponding desired product 5a-n
in good to acceptable yield. To test the effectiveness of

Ne_Cl
@Nj:c' KRUCI(p-cymene)}] @ \I ,
COR
_ 5 (4mol%) N° ONH 2

N~ "NH rCozR AgSbFg (20 mol%) |
3a-b 2 4a-c

R2 = OMe, R%= Me (5a; 82%), Et (5b; 81%), t-Bu (5¢; 68%)
R2 = Me, R = Et (5d; 73%), Me (5e; 80%)

—_—

Cu(OAc); (30 mol%)

DCE, 100°C, 12 h
Sae R2

Scheme 2 Ru-catalyzed direct ortho C—H alkenylation of 3a—b.
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N o CO,R

CHO
m Pd(OAC),
P 3 Cu(OA
o CO,R® Cu(OAc), s
+ \ - R° =
H TFA, CH5CN Et (68%)
60 °C, 12 h Me (72%)
3g sac @ 50-q Me t-Bu (61%)

Me

Scheme 3 Pd-catalyzed ortho C—H alkenylation of a phenol deriva-
tive 3g.

quinoxaline moiety towards Ru(u)-catalyzed o-alkenylation of 3
the coupling of 3a-b with 4a-c was performed under reported
conditions®™ when the desired product 5a-e was obtained
almost in the same yields (Scheme 2) as observed in case of
Pd-catalyzed reaction. Notably, the Ru(u)-catalyzed o-alkenyla-
tion of 3 was carried out in a sealed tube as the reaction did not
proceed well when performed in an open reaction vessel.

We then focused on the Pd-catalyzed ortho C-H alkenylation
of a phenol derivative 3g that was coupled with the alkene 4a-c
under the conditions of entry 4 of Table 1. The reaction pro-
ceeded smoothly affording the corresponding alkenyl
substituted analogs 50-q (Scheme 3). Notably, quinoline was
found to be an effective directing group in these cases. While
alkenylation of phenol derivatives are known in the literature®®
the use of quinoline moiety as a directing group for this purpose
has not been explored earlier. Thus the present strategy of ortho
C-H alkenylation of phenol is of further interest.

According to the proposed mechanism (Scheme 4), the
reaction appeared to proceed'” via (i) in situ generation of highly
electrophilic Pd(u) cationic species E-1 in TFA, (ii) stabilization
of E-1 by the quinoxaline/quinoline nitrogen aided by the C-2
arylamine/aryloxy moiety (via + M effect) in E-2, (iii) genera-
tion of E-3 via o-bond formation between the “Pd” center and
the proximate ortho C-aryl following a C(aryl)-H activation, (iv)
alkene coordination with E-3 to give E-4, (v) syn addition via 1,2-
migratory insertion to afford E-5, that undergoes (vi) B-hydride
elimination to give 5 and the Pd° species, and (vii) finally,
oxidation of Pd° to Pd" by Cu(OAc), to complete the catalytic
cycle. The Cu(OAc), is regenerated from the reduced copper
species i.e. CuOAc by the aerial oxygen. A similar 6-membered
ruthenacycle (like E-3, Scheme 4) generated in situ from
[Ru(OAC)L]'[SbFe]” (L = p-cymene) species and 3 can be

Pd(OAC), *PdO,CCF, 3
\ X\ R1
HZ ¢ -ACOH S Ea I
-Z
CuoAc 0% 3 Pd
+ HOAc -
@2 (air) HZ oxidation ( . OCOCF3)
Cu(OAc); pd0 .
B-hydride R?
5+Hz elimination C N sctivation
R’ alkene  R!
Xj addmon X%f COOfdmatIOn
©\N @/ ,
ol
2-Pd w2
3ozc
R%0,C E-5

Scheme 4 The plausible reaction mechanism.
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6a; RZ—F R3—Et 90%)
6b; R?=F, R3—tBu (85%)
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Scheme 5 Synthesis of 6a—d via intramolecular C-H cycloamination
under open air.

proposed®® for the Ru(u)-catalyzed alkenylation of 3 that on
coordinative insertion of alkene 4 followed by B-hydride elimi-
nation could afford the product 5 (see ESIf).

The intramolecular C-H cycloamination of 5 was performed
by using a hypervalent iodine(m) reagent'® such as PIDA [phe-
nyliodine diacetate or PhI(OAc),] at room temperature (Scheme
5) to afford alkenyl substituted benzo[4,5]imidazo[1,2-a]qui-
noxalines™® (6) in good to excellent yields. The Br, Cl, F and
alkenyl ester’” substituents remained intact during this mild
and selective oxidative cyclization. The reaction seemed to
involve an initial activation of the aniline nitrogen of 5 by PIDA
that facilitated a nucleophilic attack by the proximate qui-
noxaline nitrogen atom on the aniline ring of F-1 affording the
cyclic intermediate F-2 (Scheme 5). Deprotonation followed by
aromatization of F-2 afforded product 6.

Due to the reported PDE4 (phosphodiesterase type 4)
inhibitory activities of related imidazo[1,2-a]quinoxalines® the
compounds 6a-d were tested for their PDE4 inhibition. Notably,
inhibitors of PDE4 are known to be generally useful for the
treatment of chronic obstructive pulmonary disease (COPD)
and asthma.*® All these compounds showed promising inhibi-
tion of PDE4B [e.g. 6a (69.77 & 9.69%), 6b (42.15 + 1.23%) 6¢
(60.66 £+ 3.93%), 6d (79.50 + 1.12%)] when tested in vitro® at
30 uM. In a dose response study the compound 6d showed dose

IC50: 2.291HM
100+

80
60
40+

20+

% PDEAB Inhibition
o

c L] L L] J T 1
0.001 0.01 0.1 1 10 100 1000

Concentration(uM)

Fig. 3 Dose dependent inhibition of PDE4B by compound 6d.
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depended inhibition of PDE4B with ICs5, ~ 2.3 uM (comparable
to rolipram's ICs, ~ 1.0 puM) (Fig. 3) indicating potential
medicinal value of this class of heterocycles.

In conclusion, we have developed a two-step strategy for
accessing new chemical entities based on alkenyl substituted
benzo[4,5]imidazo[1,2-a]quinoxaline framework via C-H acti-
vation methods. The strategy involved use of a quinoxaline
moiety as a new directing group for the Pd (or Ru)-catalyzed
ortho C-H alkenylation of aniline derivatives and subsequent
hypervalent iodine(m)-promoted intramolecular ortho C-H
cycloamination of the resulting N-arylquinoxalin-2-amine
derivatives. Both the steps were performed under open air
and mild conditions. All these alkenyl substituted benzo[4,5]-
imidazo[1,2-a]quinoxalines were identified as inhibitors of
PDE4 indicating their potential medicinal importance. The Pd-
catalyzed ortho C-H alkenylation of phenol derivatives was also
performed successfully when quinoline was found to be an
effective directing group. Overall, our efforts on exploration of
new C-H activation strategies for Med Chem purpose would be
of further interest.
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11-Carboxymethyl substituted 6H-indolo[2,3-blquinolines, which are
potential inducers of apoptosis, were obtained by one-pot Pd(i)-
catalyzed intramolecular oxidative C3—H alkenylation of the indole
ring of (E)-alkyl-3-(2-(1H-indol-2-ylamino)phenyl)acrylate derivatives
followed by desulfonylation.

The development of one-pot direct access to densely function-
alized heteroaromatics is of great interest for exploring diverse
regions of pharmaceutical and medicinal chemical space, and
for obtaining rare analogues of complex heteroarene-based
natural products. Recently, cross-coupling via transition
metal-catalyzed C-H activation® has been a focus of much
research” and has found many applications in forming C-C and
C-heteroatom bonds, particularly using Pd. However, this
method for the straightforward synthesis of densely function-
alized heteroaromatics is not commonly used and needs further
investigation.

Indoloquinolines are commonly found in nature and
display a range of pharmacological properties; therefore, they
are attractive templates for drug discovery,® particularly for
anticancer compounds. For example, the plant alkaloid,
neocryptolepine® A  (5-methyl-5H-indolo[2,3-b]quinoline,
Fig. 1), and its synthetic analogue, 5,11-dimethyl-5H-indolo-
[2,3-b]quinoline® (DIMIQ), showed promising cytotoxic and
anticancer activities. Similar cytotoxic effects were also
observed in 6-substituted 6H-indolo[2,3-b]quinolines.”” In
view of the close link between cancer and apoptosis® and our
longstanding interest in developing apoptotic agents,” we
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became interested in using the 6H-indolo[2,3-b]quinoline
framework B (Fig. 1) for discovering novel apoptotic agents.
The -CH,CO,R moiety at C-11 of B was introduced because
some aryl acetic acids® (C) (Fig. 1), such as acridone-4-acetic
acids, show potent activity against solid tumors® via induc-
tion of cytokines, including tumor necrosis factor (which
affects tumor blood flow) and other host-mediated cytotox-
icity mechanisms. To obtain B, we developed a new one-pot
strategy involving sequential Pd-catalyzed C-H activation
and intramolecular alkenylation followed by desulfonation
(Scheme 1). The products were evaluated for their cytotoxicity
and apoptosis-inducing properties. Here, we present the
preliminary results of this study.

Although a number of interesting and elegant methods®*
have been reported for the construction of indoloquinoline
rings, none of them were suitable for preparing our target
compounds, 11-substituted 6H-indolo[2,3-b]quinoline deriva-
tives (4). A recent one-pot approach* that afforded this class of

Fig. 1 Design of novel bioactive molecules B based on known anti-
cancer alkaloid neocryptolepine A and reported antitumor agent C.

X! R%0,C X! CO,R?
, Pd(OAc), ,
X2 Cu(OAc), R
—_—
N" N f R® TFA, CH,CN R®
3 R R 60°C,5-7h R' 4 R

SO,R*
R' = Me, Et, Hex, Bn; R2= Cl, Br, F, Me, H (or I); R® = Me, Et
R?* = p-tolyl, 2-thienyl, R® & R® = H, Me; X' = Br, OMe; X2 =H, CI

Scheme 1 Pd-mediated synthesis of 11-carboxymethyl-substituted
6H-indolo[2,3-blquinoline derivatives.

This journal is © The Royal Society of Chemistry 2015
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Table 1 lodine-mediated synthesis of compound 3¢
R? ' R30,C |
R2 | l, (1.2 equiv) Qj\ R2
~ + Cs,CO3,
RN NHSO,R* CHaCN. NN
1 r.t, 6-8 h 3 R! SOZR4

Entry Indole 1; R* = Sulfonamide 2; R?, R?, R* = Time (h) Product 3 Yield” (%)
1 1a; Et 2a; Me, Me, p-tolyl 6 3a 85
2 la 2b; Me, Et, p-tolyl 6 3b 87
3 la 2c¢; F, Et, p-tolyl 6.5 3c 83
4 la 2d; F, Me, 2-thienyl 8 3d 68
5 la 2e; Br, Me, p-tolyl 7 3e 75
6 la 2f; Br, Et, p-tolyl 7 3f 80
7 1b; Me 2a 6 3g 71
8 1b 2b 6 3h 83
9 1b 2g; Cl, Me, p-tolyl 6 3i 68
10 1b 2e 7.5 3j 60
11 1b 2h; H, Et, p-tolyl 5 3k 73
12 1c; Bn 2a 7 31 84
13 1c 2i; Cl, Et, p-tolyl 6 3m 83
14 1c 2j; F, Me, p-tolyl 6.5 3n 82
15 1c 2¢ 6 30 79
16 1c 2e 7 3p 76
17 1d; hexyl 2h 8 3q 55
18 1a 2h 12 3R> =1 73¢
19 1b 2h 12 3s;RP=1 68°

“ Reactions were performed usmg compound 1(1.2 mmol)
temperature under nitrogen. ? Isolated yield. ¢

compounds with alkyl or aryl substituents at C-11 was also
inconvenient for direct access to 4 (or B, Fig. 1). However, based
on a recent report' we anticipated that an intramolecular C3-H
alkenylation of the indole ring of 3 under oxidative Pd(u)
catalysis could afford target compound 4 in a straightforward
manner. Starting material 3 was prepared via I,-mediated
addition of sulfonamide derivative*** 2 to indole 1 (Tables 1

Table 2 lodine-mediated synthesis of compound 3“
X2 x!
CO,Et EtOz
I5(1.2 equw)
R2 —>
Cs,CO
_N__~ + 2 3
M RS NHTs  CHEN.
s 2 rt,6-8h
1 R TsHN RS
Indole 1; Sulfonamide Time  Product  Yield®
Entry X', X*= 2R, R, R°= (h) 3 (%)
1 le; Br, H 2k; Me, H, Me 6 3t 84
2 1f; OMe, H  2I; H, Me, H 6 3u 87
3 1g; H, Cl 2h; H, H, H 6.5 3v 82

% Reactions were performed using compound 1 (1.2 mmol), 2
(1.0 mmol), I, (1.2 mmol) and Cs,CO; (1.5 mmol) in CH3CN (5.0 mL)
at room temperature under nitrogen. ” Isolated yield.

This journal is © The Royal Society of Chemistry 2015

(1.0 mmol), I, (1.2 mmol) and Cs,CO; (1.5 mmol) in CH;CN (5.0 mL) at room
3.0 equiv. of I, was used for 12 h.

Table 3 Effect of reaction conditions on intramolecular C-H alke-
nylation of 3h*

EtOZC Pd cat. CO,Et
Cu(OAc),
- p
\ Additive - O
Solvent N
3h I 3 60°C, 6 h

Entry Catalyst Additive Solvent Yield” (%)
1 Pd(OAc), — CH;CN 22
2 Pd(OAc), TFA CH,CN 82
3 PdCl, TFA CH;CN 67
4 Pd(PPh;),Cl, TFA CH,CN 9
5 Pd(PPh,), TFA CH,CN 40
6 Pd(OAc), Amberlyst CH;CN 0
7 Pd(OAc), PTSA CH;CN Trace
8 Pd(OAc), TFA DMSO 30
9 Pd(OAc), TFA DMF 27
10 Pd(OAc), TFA Toluene 52
1 Pd(OAc), TFA DCE 11
12 Pd(OAc), TFA CH;CN 81°
13 — TFA CH;CN 0
14 — TFA CH,CN 04

“ Reactions were performed using compound 3h (0.20 mmol), Pd(OAc),
(5 mol%), Cu(OAc), (0.30 mmol) and TFA (0.24 mmol) in CH3CN (2.5
mL) at 60 °C for 6 h under air. ? Isolated yield. ° Reaction was
performed under nitrogen. ? Reaction was performed without
Pd(OAc), and Cu(OAc),.

RSC Adlv., 2015, 5, 44722-44727 | 44723
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and 2, also see ESIt).***¢ Although the reaction proceeded well
in the presence of 1.2 equiv."* of I, (entries 1-17, Table 1, and
entries 1-3, Table 2), 3.0 equiv. of I, afforded desired products
3r and 3s with an iodo group on the N-phenyl ring (entries 18
and 19, Table 1).

The Pd(n)-mediated intramolecular C-H alkenylation was
then examined under various conditions by using compound
3h (Table 3). Although the Pd(OAc),-catalyzed reaction affor-
ded a low yield of desired product 4h (entry 1, Table 3) the
yield was increased dramatically when trifluoroacetic acid
(TFA) was used as an additive (entry 2, Table 3). To improve
the yield further we changed the Pd catalysts (entries 3-5,
Table 3) and the additive (entries 6 and 7, Table 3). However,
4h was obtained in low or moderate yields or not formed at all.
CH;CN was used as a solvent in these reactions; other
solvents, such as DMSO, DMF, toluene and 1,2-dichloro-
ethane (DCE), were less effective (entries 8-11, Table 3).
Notably, the present synthesis of 4h does not require an inert
atmosphere, as the yield was not affected by whether the
reaction was performed under air or nitrogen (entry 2 vs. 12,
Table 3). The reaction did not proceed in the absence of
Pd(OAc), or Pd(OAc),/Cu(OAc),, indicating the key role played
by the catalyst and the oxidant in the present reaction.

Communication

However, the reaction proceeded slowly in the absence of
Cu(OAc), when performed under air affording 4h in 70% yield
after 12 h. The oxygen in the air functioned as the oxidant.
Notably, 4h was not formed when 3h was treated with 12 M
HCI under previously reported conditions' even after 12 h,
indicating that the earlier method was inappropriate in the
present case.

Having identified the optimum conditions (entry 2, Table 3),
we examined the substrate scope and generality of the method.
A range of (E)-alkyl-3-(2-(1H-indol-2-ylamino)phenyl)acrylate
derivatives (3) were used to give the desired 6H-indolo[2,3-b]-
quinoline derivatives'¥ (4) in acceptable to good yield (Table 4,
also see ESIT). In addition to various R', R% R?, R®, R®, X" and X*
substituents (Table 4), the Pd(0) labile iodo group was also
tolerated in this reaction (entries 18 and 19, Table 4), which is
amenable for further functionalization via Pd(0) chemistry.

As shown in Scheme 2, the reaction proceeded*** via (i) in
situ generation of highly electrophilic Pd(u) cationic species D-1
in TFA, (ii) formation of c-indole-Pd complexes D-2 through
metalation of the indolyl C3-H bond"* in the presence of D-1,
(iii) intramolecular 6-exo-trig cyclization (via cis-arylpalladation
of a C-C double bond) of D-2 leading to intermediate D-3, which
(iv) undergoes B-hydride elimination to give D-4 and the Pd°

Table 4 Pd-mediated synthesis of 6H-indolo[2,3-blquinoline derivatives®

X'I

X! R%0C CO,R3
Pd(OAc), 2
Ql R
R6 TFA, CH,CN NSy R®
0y
302R4 60 °C,5-7 h R! 4 R
Entry Indole 3 Product 4; R*, R%, R?, R*, R®, X', X* Time (h) Yield” (%)
1 3a 4a; Et, Me, Me, H, H, H, H 5 86
2 3b 4b; Et, Me, Et, H, H, H, H 5 89
3 3c 4c; Et, F, Et, H, H, H, H 6 78
4 3d 4d; Et, F, Me, H, H, H, H 7 52
5 3e 4e; Et, Br, Me, H, H, H, H 7 80
6 3f 4f; Et, Br, Et, H, H, H, H 7 88
7 3g 4g; Me, Me, Me, H, H, H, H 6 75
8 3h 4h; Me, Me, Et, H, H, H, H 6 82
9 3i 4i; Me, Cl, Me, H, H, H, H 6 85
10 3j 4j; Me, Br, Me, H, H, H, H 7 77
11 3k 4k; Me, H, Et, H, H, H, H 6.5 84
12 31 41; Bn, Me, Me, H, H, H, H 5 89
13 3m 4m; Bn, Cl, Et, H, H, H, H 6 75
14 3n 4n; Bn, F, Me, H, H, H, H 5 81
15 30 40; Bn, F, Et, H, H, H, H 5 83
16 3p 4p; Bn, Br, Et, H, H, H, H 7 77
17 3q 4q; hexyl, H, Et, H, H, H, H 6 67
18 3r 4r; Et, I, Et, H, H, H, H 7 72
19 3s 4s; Me, I, Et, H, H, H, H 7 69
20 3t 4t; Me, Me, Et, H, Me, Br, H 5 87
21 3u 4u; Me, H, Et, Me, H, OMe, H 5 84
22 3v 4v; Me, H, Et, H, H, H, CI 7 81

“ Reactions were performed by using compound 3 (1 mmol), Pd(OAc), (5 mol%), Cu(OAc), (1.5 mmol) and TFA (1.2 mmol) in CH;CN (2.5 mL) at

60 °C under air. ” Isolated yield.
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Pd(OAC) R°0,C
lTFA Cf3_'PdO,CCFy c;,s\/FSCOCO\ /
— ‘ -

Pd(O,CCF3), -
The catalytic :

Cu(OAc),

CF3C0O,SO,R,

\
R! SO,R*

Scheme 2 Proposed reaction mechanism.

species, (v) cleavage of the N-(het)arylsulfonyl group in the
presence of TFA gives product 4, and (vi) oxidation of Pd° to Pd"
completes the catalytic cycle.

Most of the synthesized compounds were tested at 10 pM
initially for their ability to inhibit the growth of A549 (lung),
Cal27 (oral) MCF-7 (breast) and TZM-BL (cervical) cancer cells
using the sulforhodamine B (SRB) assay'**” with gemcitabine'®
as a reference compound. Among the active compounds, 4a, 4b,
4d-k and 4q (>90% inhibition, comparable to 90% inhibition by
gemcitabine) against lung cancer cells, 4b (40%) and 4j (46%)
against oral cancer cells (gemcitabine 92%), 4d (62%), 4f (55%),
4i (57%), 4j (42%) and 4q (63%) against breast cancer cells
(gemcitabine 49%), 4a (53%), 4j (63%), and 4q (76%) against
cervical cancer cells (gemcitabine 90%) were of particular
interest. These cytotoxic agents were then tested for their
apoptotic activities in zebrafish embryos'’“*(1, 3, 10 and 30 uM,
positive control of methotrexate'’? at 30 uM). Compounds 4K, 4j
and 4a showed considerable effects (Fig. 2 and 3) with an ECs,
of 1.59, 4.18 and 2.20 uM, respectively. These compounds
showed a no observed adverse effect level (NOAEL) of 10 (4k), 3

Methotrexate

% Induction of Apoptosis

o s i e g
T % 3% % % 3 3 3 3 3 s
2 a2, = S ES = = ES ES =

T o - ® © © = o © o o

s ® - o - & a

204 © F 1 i | 4

4k 4a
Treatment

Fig. 2 The percentage induction of apoptosis caused by compounds
4k, 4j and 4a at different concentrations along with methotrexate. All
the statistical analysis was performed using GraphPad Prism software.

This journal is © The Royal Society of Chemistry 2015
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Control

Methotrexate (30uM)

Fig.3 Representative images of the embryos treated with compounds
assayed for apoptosis. Only the selected parts of embryos are shown.

(4j) and 1 pM (4a), respectively, when evaluated for potential
toxicities, such as teratogenicity, in zebrafish embryos at 1.0-30
uM with phenobarbital (3 mM) as a positive control.’ Based on
the overall therapeutic index (TI = NOEL/ECs,), compound 4k
(TI = 6.26) was found to be promising and is of further interest.

In conclusion, a sequential method has been developed for
synthesizing novel indolo[2,3-b]quinolines related to neo-
cryptolepine. The one-pot strategy involved Pd(u)-catalyzed
intramolecular oxidative C3-H alkenylation of an indole ring
followed by desulfonylation. This straightforward, facile meth-
odology afforded an array of 11-carboxymethyl-substituted 6H-
indolo[2,3-b]quinoline derivatives. Several of these compounds
showed promising cytotoxicities against cancer cells and
apoptosis inducing properties in zebrafish embryos, indicating
the potential of these compounds for treating cancer. Overall,
these findings could be a new and useful addition to the C-H

activation/cascade reaction as well as indoloquinoline
chemistry.
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We report a true MCR involving the reaction of N-(prop-2-ynyl)-
quinoxalin-2-amine derivatives with 2-iodoanilines and tosyl azide
in the presence of 10 mol% of Cul and EtzN in DMSO to afford the
pre-designed hybrid molecules containing quinoxaline framework
linked with a benzimidazole nucleus. The MCR proceeds in the
absence of any ligand and/or lateral addition of the catalyst/base
affording products within 30 min in good yields, some of which
showed encouraging apoptosis inducing properties in zebrafish.

Apoptosis, also termed as programmed cell death, is a series
of genetically controlled events that result in the elimination
of damaged or abnormal cells. Being an important method of
cellular control, any disruption of apoptosis leads to abnormal
growth of cells e.g. cancer. Thus, the induction of apoptosis in
tumor cells is considered as an effective approach in the
management and therapy of cancer as well as its prevention.
Indeed, many of the known anticancer agents and drugs work
by inducing apoptosis in cancer cells. While various natural
products and small molecules have been explored as inducers
of apoptosis earlier, there is still a continued need for a new
framework or scaffold for the design and discovery of potential
novel apoptotic agents.

The hybrid molecules are generally defined as agents with
two (or more) structural frameworks having different biological
functions and dual activity (e.g., A, Fig. 1), and can act as two
distinct pharmacophores.>® However, the strategy of a hybrid
molecule is also used to enhance the pharmacological activi-
ties of the individual pharmacophore (e.g. B, Fig. 1). For
example, the weak cytotoxicity of distamycin A (Fig. 1) has
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Ligand-free MCR for linking quinoxaline
framework with a benzimidazole nucleus: a new
strategy for the identification of novel hybrid
molecules as potential inducers of apoptosis+
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Fig. 1 The strategy of hybrid molecule A and B in the design and dis-
covery of potential new drugs.

been enhanced by tethering it with the known antitumor com-
pounds or simple active moieties of known antitumor
agents.?”* Prompted by this idea we adopted a similar strategy
to design our target hybrid molecules as potential apoptotic
agents.

The quinoxaline framework has been reported to be an
integral part of several anticancer agents.’ The benzimidazole
nucleus on the other hand has also found to be present
in various antitumor/anticancer agents.* Thus we anticipated

Linker '\’
N % N
P o
N
Quinoxaline ww

Benzimidazole

Fig. 2 New hybrid framework (C) for the design and identification of
novel inducers of apoptosis.
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Scheme 1 Synthesis of hybrid molecules 7 based on C via a ligand-free
MCR.

N ToNg Cul
Et:N, DMSO R Z_Ar CHzPh
r.t, 30 min R®=H, Me,Cl
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—_— 5
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Scheme 2 Synthesis of compound 5.

Table 1 Optimization of reaction conditions?

| Ts.

ot S oo™

N
TsNg, Catalyst
Base, Solvent

rt, 30 min
5a OCHs4 7a OCHj

Entry Catalyst Base Solvent yield” (%)
1 Cul Et;N THF 32
2 Cul Et;N CH,CN 57
3 Cul Et;N DCM 65
4 Cul Et;N DCE 66
5 Cul Et;N Toluene 48
6 Cul Et;N DMSO 94
7 Cul Et;N DMF 88
8 Cul Et;N DMSO 94°
9 Cu(OTf), Et;N DMSO 10
10 Cul K,CO3 DMSO 70

“All the reactions are carried out using compound 5a (0.30 mmol), 6a
(0.34 mmol), TsN; (0.36 mmol), in the presence of a Cu catalyst
(0.03 mmol) and base (0.36 mmol) in a solvent (2 mL) at room temp
for 30 min under nitrogen. ” Isolated yield. ° The reaction was carried
using 30 mol% Cul and completed within 10 min.

that the combination of these two moieties connected through
an appropriate linker in a single molecule may provide a new
framework (C, Fig. 2) suitable for the design and identification
of novel inducers of apoptosis. Indeed, the strategy was found
to be operative in our case. Herein, we report our preliminary
findings on the synthesis and pharmacological evaluation of
compounds based on C as potential inducers of apoptosis. To
the best of our knowledge, pharmacological evaluation of this
class of compounds, especially as apoptotic agents, has not
been explored earlier.

To achieve our project goal, we required a direct and
straightforward synthetic method for the rapid supply of our

This journal is © The Royal Society of Chemistry 2014
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Table 2 Synthesis of N-substituted 3-chloro-N-(2-(1-tosyl-1H-benzold]-
imidazol-2-yl)ethyl)quinoxalin-2-amines (7)?

R2

RZ\@[|
N Cl cl
> @ I
N N TsNj, CuI
5 R’ Et3N DMSO
r.t, 30 min
Yield?
Entry Alkyne (5); R' = Aniline (6); R = Product (7); R', R*= (%)

1 5a-C¢H,OMe-p 6aH 7a-C¢H,OMe-p, H 94
2 5a 6b Me 7b-C¢H,OMe-p, Me 89
3 5a 6¢ Cl 7¢-C¢H,OMe-p, Cl 90
4 5b-CsH Me-p 6a 7d-C¢H Me-p, H 92
5 5b 6b 7e-CcH Me-p, Me 86
6 5b 6¢ 7f-CgH,Me-p, Cl 90
7 5¢-CH,Cl-p 6b 7g-CcH,Cl-p, Me 89
8 5d-C¢H4Br-p 6a 7h-C¢H,Brp, H 95
9 5d 6b 7i-C¢H,Br-p, Me 91
10 5d 6¢ 7j-CeH,Br-p, Cl 89
11 5e-CoH F-p 6a 7k-CgH,F-p, H 93
12 5e 6b 71-C¢H,F-p, Me 86
13 5f-CH,Ph 6a 7m-CH,Ph, H 73
14 5f-CH,Ph 6b 7n-CH,Ph, Me 81

¢All the reactions are carried out using compound 5 (0.30 mmol),
6 (0.34 mmol), TsN; (0.36 mmol), TEA (0.36 mmol) and Cul
(0.03 mmol) in DMSO (2 mL), rt, N,, 30 min. ? Isolated yield.

target molecules based on C. A literature search revealed that
the 2-substituted benzimidazole synthesized via the reaction
of 1,2-phenylenediamines with the corresponding carboxylic
acids or with aldehydes followed by oxidation® can be functio-
nalized further, for example, by sulfonylation using an alkyl or
aryl sulfonyl chloride.® However, this method appeared to be
less attractive for the synthesis of molecules based on C as the
introduction of quinoxaline moiety seemed to be difficult.

TsN3 Cu
NS G T
5 ——> _ N-Ts —>
EtsN NN /U\
Cu 'z

LlE1

Crr |
Ko D
FIU 6

2
R? TS~y Et3N [\1 ! R
U U :
N ,Nz
H EehH Z MO H
Cull
Ts\ U
s erciy
EtNH I~

Scheme 3 Proposed reaction mechanism.
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Fig. 3 Results of apoptosis assay: the percentage induction of apopto-
sis caused by compounds 7k, 7e and 7i at different concentrations along
with methotrexate (*p < 0.05, ***p < 0.001). All the statistical analysis
was performed using GraphPad Prism® software.

This problem was found to be common with the other
methods of constructing 1,2-disubstituted benzimidazole’
moieties possessing the required quinoxaline® substituent.’
Nevertheless, during the literature search a recent report on
Cu-catalyzed 3-component cascade reaction of sulfonyl azides,
alkynes and 2-bromoaniline leading to the functionalized ben-
zimidazoles' attracted our attention. The substitution pattern
on the benzimidazole ring was very similar to that we were
looking for. Indeed, we envisioned that the incorporation of
quinoxaline moiety into the alkyne reactant may afford our
desired product in a single step. However, a closer look at the
reported reaction'® revealed that the methodology required
the use of a ligand and lateral addition of an extra quantity of
Cu catalyst as well as a base to facilitate the second step of
the cascade sequence making it not truly an MCR (multi-

Control

7k at 30 pM

Organic & Biomolecular Chemistry

component reaction''). Moreover, the methodology involved
the overall use of 20 mol% of Cu catalyst and required a total
reaction time of 6 h to complete the reaction. The yields of the
products obtained were also not particularly high being in the
range of 43%-78%. In contrast, we have observed that the reac-
tion of N-(prop-2-ynyl)quinoxalin-2-amine derivative (5) (pre-
pared via selective amination'> of 2,3-dichloroquinoxaline 1
followed by propargylation, Scheme 2) with 2-iodoanilines (6)
and tosyl azide in the presence of 10 mol% of Cul and Et;N in
DMSO afforded the desired target compound 7 (Scheme 1)
within 30 min in the absence of any ligand and/or lateral
addition of the catalyst/base. The methodology was used to
prepare a range of target compounds in good to excellent
yields, the details of which are presented here.

The reaction of 3-chloro-N-(4-methoxyphenyl)-N-(prop-2-
ynyl)quinoxalin-2-amine (5a) with 2-iodoaniline (6a) and tosyl
azide was used to establish the optimized reaction conditions.
The reaction was initially performed in the presence of Cul
(10 mol%) and Et;N at room temperature in the absence of
any ligand in a number of solvents, such as THF, MeCN, DCM,
toluene, DMSO and DMF (entries 1-7, Table 1). While the reac-
tion proceeded well in all these solvents affording the desired
product 7a in variable yields, the best result was obtained
when the reaction was performed in DMSO (entry 6, Table 1)
affording 7a in 94% yield. We were delighted with this obser-
vation as the reaction proceeded in the absence of any ligand
and was completed within 30 min. Moreover, the use of
10 mol% of Cul was found to be enough to catalyze this MCR
though the use of higher quantity of catalyst e.g., 30 mol% of
Cul completed the reaction within 10 min (entry 8, Table 1).
Since the yield of 7a was not improved further in this case, the
conditions in entry 6 were identified as the best reaction

Methotrexate at 30 uM

7e at 30 uM

7i at 10 pM

Fig. 4 Representative images of the embryos treated with compounds assayed for apoptosis.
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Fig. 5 Results of teratogenicity assay: each embryo was scored based
on their level of toxicity from 5 being non toxic and 0.5 being highly
toxic (*p < 0.05, ***p < 0.001). Statistical analysis for scoring was done
using GraphPad Prism® software using two-way ANOVA. The graph rep-
resents the teratogenic scoring given compared to the positive control
Phenobarbital.

conditions for further studies. We also examined the use of
another catalyst Cu(OTf), (entry 9, Table 1) and base K,COj3
(entry 10, Table 1), but these were found to be less efficient in
terms of product yield. Nevertheless, being truly an MCR, the
present method seemed to have advantages over the earlier
method that was more of a cascade reaction.

The ligand-free MCR was further explored to expand its
scope and generality. Thus a range of alkynes (5) along with a
number of 2-iodoaniline derivatives were employed in the
present MCR, and the results are summarized in Table 2 (see
also Table S1 in ESIT). The reaction proceeded well in all these
cases affording a variety of N-substituted 3-chloro-N-(2-(1-tosyl-
1H-benzo[d]imidazol-2-yl)ethyl)quinoxalin-2-amines  (7) in
good to excellent yield (73%-95%).

From the view point of the reaction mechanism, the
present MCR seems to proceed via a number of steps, includ-
ing the formation of (i) ketenimine, (ii) tosylamide and finally
(iif) intramolecular C-N bond as shown in Scheme 3. The

Communication

terminal alkyne 5 reacts with the tosyl azide in the presence of
Cul and Et;N to form the ketenimine species E-1 via a copper-
catalyzed azide-alkyne cycloaddition (CuAAC) process™ fol-
lowed by the release of nitrogen gas from the resulting tri-
azolo-Cu intermediate. E-1 then undergoes nucleophilic attack
at the sp-carbon by the 2-iodoaniline derivative (6), which trig-
gers several changes including the tautomerism of N-tosylamid-
ine intermediate E-2 to the tosylamide E-3. The Cu-catalyzed
intramolecular C-N bond formation of E-3 then shifts the tau-
tomerism equilibrium from towards E-3 and affords product 7.
Thus, the organo-copper(u) species generated from E-3 and
Cul undergoes intramolecular cyclization, involving the initial
formation of N-Cu(u) bond followed by the reductive elimin-
ation of Cul to give 7.

While the reason for the (i) rapid reaction, (ii) low catalyst
loading, (iii) non-requirement of any ligand and/or lateral
addition of the catalyst/base and (iv) good to high yields of pro-
ducts in the present case in compared to the earlier protocol'®
is not clear if the use of the 2-iodoaniline derivative in place of
2-bromo analog could be a possible reason. It is well known

B3 EC50
3 NOAEL

Concentration (uM)

7k
Compounds

Fig. 7 The ECso (apoptosis) and NOAEL of test compound 7k (ECsq =
14.76 pM & NOAEL = 30 pM), 7e (ECso = 6.94 uM & NOAEL = 10 pM),
and 7i (ECsp = 2.23 yM & NOAEL = 3 pM) (*p < 0.05). The overall thera-
peutic index (ratio of NOAEL/ECso) of 7k is 2.032, 7e is 1.44, and 7i
is 1.34.

Fig. 6 Representative zebrafish images from the teratogenicity assay of compounds tested at 30 uM.

This journal is © The Royal Society of Chemistry 2014
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Table 3 Summary of the pharmacological evaluations of compounds 7k, 7e, and 7i

Pharmacological evaluations

Test compounds data

Tests Endpoint Positive control ~ Parameters 7k 7e 7i
Apoptosis Acridine Orange staining of apoptotic cells Methotrexate ECsq 14.76 694  2.23
Teratogenicity Morphological assessment of phenotypic changes  Phenobarbital NOAEL 30 10 3

Overall therapeutic index Ratio of NOAEL/ECs,

that the reactivity order of the halogen substituent towards the
transition metal catalyst is I > Br > Cl and therefore 10 mol%
Cu catalyst alone in the presence of Et;N was found to be
enough to facilitate the overall transformation efficiently. The
other reason could be the nature of terminal alkynes used. The
alkynes (5) used in the present MCR contain a tertiary amino
group, which because of its bulkiness, could force the orien-
tation of the tosylamide moiety of E-3 to a position favorable
for intramolecular cyclization thereby accelerating the Cu-cata-
lyzed C-N bond forming step.

In order to assess their potential to induce apoptosis, the
synthesized compounds were tested in zebrafish embryos'
along with a known drug methotrexate® at 30 uM. Based on
their considerable effects in the present assay of apoptosis
compounds 7k, 7e and 7i were further tested at 1, 3, 10 and 30
UM along with methotrexate (Fig. 3 and 4). While the com-
pound 7k showed an increase in its apoptotic activities up to
3 1M, a decrease in activity was observed at 10 and 30 uM. The
embryos were found to be safe at all concentrations. In the
case of compound 7e, the increase in apoptotic activities was
observed with the increase of concentration from 1 to 10 pM,
but the activity was decreased at 30 uM. Compound 7i showed
significant apoptotic activity at 10 pM; however, the embryos
were dead when the concentration was increased to 30 uM.

These compounds were also evaluated for their potential
toxicities'® e.g. teratogenicity in the zebrafish embryo at a
range of 1.0-30 uM. The toxicological evaluation was carried
out in a blind fashion. All the embryos in the control group
were found to be normal. Phenobarbital (3 mM) was used as a
positive control in this assay (Fig. 5 and 6). The compound 7k
was found to be non-toxic in all the tested concentrations.
While the compound 7e showed mild toxicity at 30 pM, it was
found to be safe at lower concentrations e.g., 1, 3 and 10 pM.
Compound 7i was found to be safe at 1 and 3 uM but showed
toxicity at 10 and 30 pM.

Based on the summary of ECs, values (apoptosis), NOAEL
(no observed adverse effect level) and the overall therapeutic
index (Fig. 7 and Table 3), the safety order of the tested com-
pounds appears to be 7k > 7e > 7i. Overall, the compound 7k
was found to be safest whereas 7i was identified as the most
potent inducer of apoptosis in zebrafish,"”” indicating the
present class of compounds are of further interest. To assess
their anti-proliferative properties in vitro, compound 7i and 7k
were tested against cancer cell line derived from tongue tissue
e.g. CAL 27 at 10 uM using the sulphorhodamine B (SRB)
assay.'® Two compounds e.g., 3-chloro-N-(4-fluorophenyl)qui-
noxalin-2-amine'? (8) and 1-tosyl-1H-benzo[d]imidazole'® (9) in

6804 | Org. Biomol. Chem., 2014, 12, 6800-6805

— Therapeutic index  2.032  1.44  1.34

addition to the reference compound gemcitabine®® were also
included in this assay to test the concept presented in Fig. 1
(e.g. B). While 7i and 7k showed 61% and 46% growth inhi-
bition of CAL 27, respectively, the compound 8 and 9 showed
only 20%-25% inhibition, indicating the usefulness of this
concept.

In conclusion, an efficient MCR has been developed invol-
ving the reactions of N-( prop-2-ynyl)quinoxalin-2-amine deriva-
tives with 2-iodoanilines and tosyl azide in the presence of
10 mol% of Cul and Et;N in DMSO to afford the pre-designed
target compounds containing the quinoxaline framework
linked with a benzimidazole nucleus. In contrast to the pre-
viously reported cascade reaction for the synthesis of a similar
class of compounds, the present MCR seemed to have the fol-
lowing favorable features e.g., (i) rapid reaction (30 min), (ii)
low catalyst loading (10 mol%), (iii) non-requirement of any
ligand and/or lateral addition of the catalyst/base and (iv) good
to high yields of products (73%-95%). A range of novel hybrid
molecules originally designed as potential inducers of apopto-
sis were prepared using this methodology and tested for apop-
tosis, and teratogenicity in zebrafish embryos. Furthermore,
some of these compounds showed encouraging apoptosis
inducing properties and therefore seem to have potential med-
icinal value. MCR presented here could be useful in building a
library of hybrid molecules that are helpful for medicinal/
pharmaceutical chemistry and drug discovery efforts.
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