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ABSTRACT

Over the last few years, significant attention has been focus towards the development of
biologically relevant N-heterocycles such as Indoles, quinolines, isoquinolines, and quinazolines
by employing transition metal-catalyst. Because of these N-heterocyclic framework exhibits a
variety of biological activity, found in various natural products, marketed drugs and in material
science.

The thesis entitled “Design and Synthesis of Quinoline and Quinazolinone Derivatives
through Transition Metal-Catalyzed Cascade Protocols” deals with the synthesis of selected
N-heterocycles such as quinolines, imidazopyridine fused quinoline, quinazolines, and aza-fused
isoquinolines by using transition metal-catalyst.

The first chapter of the thesis describes a brief overview on azides as one nitrogen source in the
synthesis of various nitrogen-containing heterocycles and provide new innovative strategies
towards the synthesis of N-heterocycles in the presence of transition metal-catalysts.

The second chapter of the thesis describes the synthesis of N-heterocycles using sodium azide as
one nitrogen source and chapter is divided into three parts. Part-A deals with the synthesis of
functionalized quinolines using transition metal-catalyst with recent literature survey. After that,
describe the synthetic protocol for the synthesis of 2-aminoquinoline-3-carboxylates and 2-
arylquinoline-3-carbonitriles by multicomponent reaction of 2-bromobenzaldehydes, active
methylene nitriles and sodium azide as a nitrogen source in the presence of copper-catalysis. The
developed methodology further utilized for one-pot synthesis of pyrimido[4,5-b]quinolin-4(3H)-
ones in good yield. Part-B presents the simple and efficient protocol for the rapid synthesis of
pyrido[2',1":2,3]imidazo[4,5-c]quinolones through Cu(l)-catalyzed three component, one-pot
reaction of 2-(2-bromophenyl)imidazo[1,2-a]pyridines, aldehydes, and sodium azide. A series of
twenty-seven compounds were prepared by varying different substituents on substrates in
moderate to good yields (45-75%) and evaluated for their in-vitro antibacterial activity against
three Gram-negative bacteria S. typhi, K. pneumoniae, P. putida and two Gram-positive bacteria
B. cereus, S. aureus. Compounds, 3ae, 3ai, and 3cc, exhibited moderate antibacterial activity
against Gram-negative bacteria S. typhi and P. putida. Part-C described the synthesis of
quinazolinones from 2-bromobenzamides, aldehydes and sodium azide via one-pot copper-
catalyzed amination, condensation, and oxidative amidation. The reaction pathway proposed by

performing series of control experiments. Good functional group tolerance, mild condition, readily

Vi



available starting materials and user friendly procedure makes this protocol practically good and
attractive method for the synthesis of quinazolin-4(3H)-ones.

The third chapter of the thesis disclose a concise overview of the transition metal-catalyzed
arylation strategies towards the synthesis of non-benzodiazepine drug azole-fused isoquinolines.
Later on, this chapter focus on the synthetic method of imidazole and benzimidazole fused
isoquinolines via Pd(ll)-catalyzed intramolecular C-H arylation from 2-bromobenzaldehydes and
2-(1H-imidazol-1-yl/benzimidazolyl-1-yl)-1-arylethanones. The developed method proceeded
through cross Knoevenagel condensation of 2-(1H-imidazol-1-yl/benzimidazolyl-1-yl)-1-
arylethanones with 2-bromobenzaldehyde followed by Pd(ll)-catalyzed intramolecular C—H
arylation.

The fourth chapter of the thesis deals the synthesis of aroyl functionalized pyrazolo[5,1-
alisoquinolines by reaction of 1-aryl-2-(1H-pyrazol-1-yl)ethan-1-ones and 2-bromo aldehydes
under Ni(ll)-catalysis. This process involves, Initially Knoevenagel condensation followed by
Ni(Il)-catalyzed intramolecular arylation at C5 of pyrazole.

Finally, in the fifth chapter of the thesis, a summary of the thesis work is presented along with

the future scope of the research work.
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CHAPTER 1

Synthesis of /N-Heterocycles Using Azides as One
Nitrogen Source: An Overview



Chapter 1

1.1 INTRODUCTION

Nitrogen-containing heterocycles are abundant in natural products, pharmacophores and many
bioactive motifs as compared to other heterocycles and carbocycles.[*®! Most of the nitrogen-
containing heterocycles (indoles, quinolines, quinazolines, benzimidazoles, etc.) have been
synthesized using anilines, which are prepared by reduction of their nitroarene analogues.®"1 Since
the synthesis of first phenyl azide by Peter Griep, the organic azide intermediates have gained
significant interest.[®%1 Later on, Curtius!*® and Schmidt™-1?] discovered the rearrangement of acyl
azides (2) to isocyanates (3), which further transformed into various organic molecules such as
amines, amides, ureas and urethanes (Scheme 1.1).1¥1 Multiple methods can synthesize organic
azides; the traditional way of azide formation is the reaction of diazonium salts with hydrazines.®®
% 14 The most common and widely used method for the formation of azide derivatives is a
nucleophilic substitution reaction of haloarenes/alkyl halides with sodium azide which produces
corresponding azide in quantitative yields.[8-: 15161

Curtius Rearrangement

o NaN t Hydrolysis
)J\ 3 )J\ rearrangemen R-N=C=0 yaroly R—NH,
R” ~Cl R™ Nj
1 2 3 4
Acyl azide Isocyanate
Schmidt Rearrangement
o HN; o rearrangement
p1  —— N
R™ “OH R™ N3
5 2
Acyl azide

Scheme 1.1: Synthesis of amines using acyl azide

Azides readily decompose and release the nitrogen molecule by the input of external pressure and
heat, and thus result in the explosion.®®l Heavy metal azides are primarily used in explosive
technology. lonic azide such as sodium azide is more stable as compared to organic azides. It
decomposes thermally by heating above 275 °C. However, organic azides have been used as
pharmacophore in drug design such as azidothymidine (AZT) for the treatment of HIV"l and as
valuable substrates in various organic synthesis, for example, Hassner reaction,*® Staudinger

reaction,*®! Boyer rearrangement®” and Hemetsberger rearrangement(?4,



Chapter 1

The reactivity of azide varies in different reaction conditions used. Azides can be used as three N-
atom synthons or one N-atom synthon according to reaction condition. Rolf Huisgen developed
the first 1,3-dipolar cycloaddition reaction for the synthesis of triazoles (8 and 9) by using organic
azides as three N-atom source (6) and alkynes (7) (Scheme 1.2a).1?2l However, this reaction has a
regioselectivity issue, producing both disubstituted triazole isomers (1,4 and 1,5). Later on, Barry
Sharpless and Meldal group independently reported the copper-catalyzed Huisgen’s cycloaddition
reaction and exclusively produced regioselectively 1,4-disubstituted triazoles (8).1%®! This 1,3-
dipolar cycloaddition reaction further referred as copper-catalyzed azide-alkyne cycloaddition
(CuAAC) click reaction (Scheme 1.2b).[?41 The click reaction is that reaction where reactants
efficiently consumed and produce products in quantitatively yield under mild reaction condition.
Over the last few years, AAC click reaction has been extended to other metal-catalyst such as Ni,
Zn Ru, Ag and Au, although CuAAC click reactions extensively used for the synthesis of
substituted triazoles.[?>-261

Huisgen reaction \N/N\\N ~n-N
- N
= + I
2
R? R
8 9
R'-N; + RR— — : i
1,4-isomer 1,5-isomer
6 7 R
CuAAC “n-N
R'= Ph, Bn, Pr \%<N 1,4-isomer (only)
R? = Ph, 4-MeCgH,4, 4-OMeCgH,, 4-CICgH, Lo
8

Scheme 1.2: Synthesis of disubstituted triazoles using azides and alkynes

Azides have been used extensively as three N-atom sources for the synthesis of various N-
heterocycles using different metal-catalyst,?>! metal nanoparticles?”-%1 and metal-free reaction
condition[? in the last few decades. Nowadays, synthetic chemists use azides as a pivotal one N-
atom synthon for the formation of diverse nitrogen-containing heterocycles in the presence of
transition metal catalysts. Transition metal reacts with azide and form nitrenoid with the release of
N2 molecule, for further transformation.® 21 Azides also thermally decompose in the presence of

transition metal and generated nitrenes, which react with others reactive species.% This chapter
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mainly focuses on transition metal-catalyzed synthesis of N-heterocycles using azides as one N-

atom synthon.
1.2 Synthesis of N-heterocycles using azides as one N-source

1.2.1 Pyrroles

Driver and coworkers reported the synthesis of poly-substituted pyrroles (11) using vinyl azides
(10) under Znl; catalyst in DCM at room temperature (Scheme 1.3).Y Various types of aromatic
and aliphatic dienylazides were evaluated in this protocol and found that aromatic vinyl azides
gave corresponding pyrroles in higher yields as compared to aliphatic vinyl azide. It was also
observed that product yields were increased in the presence of SiO; (200 wt %) along with Znl;
and also converted both E/Z isomers gave the desired products (11). On the other hand, only Z-

isomers was transformed into products in the presence of Znl,

RZ
3 o,
R1WR Znl, (5 mol %) . R1QR3
RZ2 N DCM, 25°C, 15 h H
10 11
R' = Me, Bu, 'Pr, Ph, 4-OMeCgH,, 4-BrCgHy, 4-CF3CgH, 21 examples
2,5-Cl,CgH3, 2-furyl, 2-thienyl, 3-pyridyl, 2-naphthyl Yields: 37-99%

R? = H, Me, CI; R® = COOMe, COPh
Scheme 1.3: Zn(I1)-catalyzed synthesis of pyrrole using vinyl azide
In extension, Yoon group also demonstrated the synthesis of pyrroles (11) using Ru(Il)-photoredox

catalyst from dienylazides (10) under visible light in chloroform at room temperature (Scheme
1.3).%2

R2
R3 [Ru(dtbbpy)s]?* (1 mol %) n
TR 1 3
RN — RTONTR
R?2 N, CHClj, rt, 2-36 h, visible light H
10 1"
R' = Me, Bu, Ph, 4-OMeCgHy, 4-CF3CgHy, 2-furyl, 3-pyridyl 15 examples
R2 = H: R® = H, COOMe Yields: 47-99%

Scheme 1.4: Ru(ll1)-catalyzed synthesis of pyrroles using vinyl azide under visible light
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Jiao et al. reported a new and efficient strategy for the synthesis of 2,4-disubstituted and 3,4-
disubstituted pyrroles (16 and 17) by switching the transition metal (copper and nickel) from vinyl
azides (14) and acetaldehydes (15) (Scheme 1.5).[*%

Cu(OAc), (4 mol %) |

N o0
3 DMSO/EOH, 110 °C, 4 h N R
H
RL@A 16
14 17 examples
— Yields: 39-79%
+
o &
R2 . , R’
15 NiCl, (5 mol %) _
2
DMA, 110 °C, 4 h R B
N
H
R = H, 4-Me, 4-OMe, 4-Cl, 4-Br, 3-F 17
R2= H, 4-Me, 4-OFt, 4-Br, 3-F, 3-Me, 2-Me 18 examples

Yields: 41-82%
Scheme 1.5: Synthesis of 2,4 and 3,4-disubstituted pyrroles from vinyl azides (14)

A series of control experiments were conducted and suggested that nitrenoid was key intermediate
for Cu(ll)-catalyzed formation of 2,4-disubstituted pyrroles. The nucleophilic attack of enol-
tautomers of phenylacetaldehyde to nitrenoid intermediate, followed by condensation, dehydration
and aromatization afforded the target 2,4-disubstituted pyrroles. While in the case of Ni(ll)-
catalyzed reaction, initially thermal decomposition of azide forms azirine. Subsequently,
nucleophilic attacks of enol-form of phenylacetaldehyde to azirine followed by azirine ring-

opening generates a five-membered ring. Finally, elimination and aromatization led to the desired
product (16).

1.2.2 Indoles

Driver and coworkers disclosed the formation of functionalized indole derivatives (19) by using
vinyl azides (18) as starting materials in the presence of Rh-catalyst (Scheme 1.6).54 Variety of
electron-releasing and electron-withdrawing substituents on aryl ring were well tolerated in this
protocol to afford the products in 71-98% yields.
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. COOMe RIA(0,CCsHy)s (3-5 mol %) R1®COOMG
1 N
R m

toluene, 25-60 °C, 1 h H

18 19
R" = H, 2-OMe, 2-Cl, 2-Br, 3-Me, 3-Pr 20 examples
3-Cl, 3-Br, 3-CF3, 4-Me,4-OMe, 4-Cl Yields: 71-98%

Scheme 1.6: Rh(Il)-catalyzed synthesis of functionalized indoles from 18

The reaction was proposed to proceed via Rh(ll)-catalyzed C-H functionalization of vinyl azide
ester. Initially, coordination of Rh(ll)-catalyst with azides (18) produced rhodium nitrenoid (20)
with the release of N2. Finally, the electrophilic aromatic substitution reaction led to the desired

indole products (19). This has been confirmed by isotopic labelling experiment (Schemel.7).

// \ Ejir/Q§l/,COOMe
COO'V'e Rh,(0,CC3H7)

COOMe COOMe
R1_._@ R1:
N—I[Rh] / N [Rh]
X COOMe

~ N=[Rh]
21

Ny

Scheme 1.7: Proposed catalytic cycle for the formation of indole from vinyl azide (18)

In extension, the same group reported the Rh(ll)-catalyzed synthesis of indoles from arylazides
(Scheme 1.8).%1 This time they proposed that reaction proceeds through vinylic C-H
functionalization by performing isotopic labelling experiment.
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R3
R3
(_R? Rhy(0,CC3H), (5 mol %) R1®_R2
1 N
R N H 4A MS, toluene, 60 °C, 16 h H
3
23 24
R'= H, 3-Me, 3, 4-Me, 4-OMe, 4-CF3 20 examples
5-Me, 5-OMe, 5-F, 5-CF3, 5-OCF; Yields: 61-98%

R2=R%®=H, Ph

Scheme 1.8: Rh(Il)-catalyzed synthesis of indoles via vinylic C-H functionalization

Alternatively, Ramana group disclosed the inexpensive and straightforward one-pot tandem
protocol for the construction of functionalized indoles (26) from 2-bromochalcones (25) and
sodium azide as one N-atom source under the copper catalysis (Scheme 1.9).%81 Moreover, 2-
bromocinnamates also well tolerated in the developed protocol and gave corresponding indole-2-
carboxylates in good yields (57-74%). Bromochalcones with various aroyl and heteroaryl ring
were investigated such as phenyl, naphthyl, pyridyl, furyl, thienyl and benzofuran reacted
smoothly. The developed strategy proceeded through a set of three reactions, i.e. (a) copper-
catalyzed nucleophilic aromatic substitution reaction with azide (SnAr); (b) conversion of azide to
reactive nitrene intermediate; and (c) intramolecular C-N bond formation via insertion of nitrene
to C-H bond.

R3
R® O Cul (20 mol %), L-proline (20 mol %) N
1 N R? NaN; (1.5 eq.), K;CO3 (2 eq.) R? y R?
R o H NMP, 100 °C, 15-20 h H
,
25 26
R' = H, 3-Me, 3, 4-Me, 4-OMe, 4-CF4 23 examples
oo o
5-Me, 5-OMe, 5-F, 5-CFs, 5-OCF Yields: 46-79%
R? = Ph, 2-furyl, 2-thienyl, 2-pyridyl, 1-naphthyl
n-Bu, °Pr, OEt

R®=H, Me, n-Bu, Ph
Scheme 1.9: Synthesis of functionalized indoles from 2-bromochalcones
Rao and team also developed the method for the synthesis of 2,3-disubstituted indoles (28) through

Pd(I1)-catalyzed domino reaction of o-alkynyl arylazides (26) with sulfonic acids (27) (Scheme

1.20).131 Alkynes and sulfonic acids having various electron-rich and electron-poor substitutents
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reacted smoothly under these conditions and afforded corresponding functionalized indoles in
good to excellent yields (70-97%).

=2 OSO,R?
0,
Z csooncemen KL )w
R’ N 1,4-dioxane, rt-60 °C, 1-120 min ] ”
2 28
R'=H, 4-Me, 4-Cl, 4-CF3, 5-CI 21 examples
R? = H, Ph, 4-MeCgHj, 4-CICgHy, 4-COOMeCgH,, n-Bu, °Pr Yields: 70-97%

R3 = Me, Ph, 4-MeCgH,, 4-CICgH,, 1-naphthyl

Scheme 1.20: Synthesis of indoles from o-alkynyl arylazides and sulfonic acids

1.2.3 Quinoline and Isoquinoline Derivatives

Chiba group disclosed the synthesis of multi-substituted isoquinoline derivatives (31) from readily
available vinyl azides (29) and internal alkynes (30) by the cooperative catalytic system of Rh(llI)
and Cu(ll) in the presence of AcOH (Scheme 1.21).8

R4
N3 R* [Cp*RNCl,], (5 mol %) R3
R Cu(OAC), (20 mol %) R B
R' + | | 2 > _N
3 AcOH (1 eq.), DMF, 90 °C, 1-2 h )
R under N, atm. R
29 30 31
R'=H, 2-Me, 3-Br, 3-NO, 4-Me, 4-OMe, 4-COOMe 22 examples

R? = H, Me, CH,OTBDMS Yields: 27-86%

R3 = Ph, 4-OMeCgH,, 4-CICgH,, 4-BrCgH,, 2-thienyl, Pr
R3 = Ph, 4-OMeCgH,, 4-CICgH,, 4-BrCgH,, Me, Pr, COOMe

Scheme 1.21: Rh(lll)-catalyzed synthesis of polysubstituted isoquinolines from vinyl azides
Later on, Cheng group reported an alternate method for quinoline (33) synthesis from benzylic

azides (32) and internal alkynes (30) via Cu(ll)-catalyzed Schmidt rearrangement (Scheme
1.22).13%-401
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R2 R3
\ Cu(OTf), (2.5 mol %) LS
A - I
R3 CH3NO,, 80 °C, 24 h N
32 30 33
R'= H, 2-Me,2-OMe 2-Ph, 2-Br, 3-Br, 3-Me, 4-Me, 4-OMe 33 examples
4-Ph, 4-F, 4-OAc, 4-CF5, 4-COOMe Yields: 20-96%

R2 = Ph, 4-MeCgH,, 4-CICgHy, 4-BrCqHy, 4-FCgHy, 2-thienyl, Bn, Et
R3 = Ph, 4-MeCgH,, 4-CICgHy, 4-BrCqHy, 4-FCgHy, 2-thieny

Scheme 1.22: Cu(Il)-catalyzed synthesis of quinoline derivatives using benzyl azides

The reaction pathway as illustrated in Scheme 1.23. The developed reaction is proposed to proceed

through N-aryliminium ion (B) with the release of N. in the presence of Cu(ll)-catalyst via

intermediate A.

L@ N Y R——=—R3
.o i N
Cu(OTf - N 30
u
32 A B
?U” (I:ull
Ny e ~ N N
) B |— R
Z R2 _cu(ll Z g2 2 R2
R® " R R®
33 D c

Scheme 1.23: Reaction mechanism for the formation of quinolines

Subsequently, intermolecular nucleophilic attack of internal alkynes (30) to intermediate B
produced intermediate C. Finally, electrophilic aromatic substitution followed by oxidation led to
desired quinoline derivatives (33).

Singh group applied CuSOs-catalyzed multicomponent strategy for the synthesis of quinoline
derivatives (36) in moderate to good yields (52-95%) from 2-bromobenzaldehydes/ketones (34),
a-methylene ketones (35) and sodium azide using D-glucose, L-proline and K>COz in green
mixture of H,O and EtOH (3:2) (Scheme 1.24).141
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o) CuS0, (30 mol %) R2

) 0 D-glucose ( 30 mol %) R4
R R .\ 311\/R4 L-proline (20 mol %) . R X
Br R NaN; (2 eq.), KOH (1 eq.) N R

H,O/EtOH (3:2), 90 °C, 3-10 h

34 35 36
R'=H,R?=H, Ph 16 examples
R3 = Ph, 2-CICgH,, 3-OMeCgH,, 3-CICgH, Yields: 52-95%

4-MeCGH4, 4-OMeC6H4, 4-C|C6H4
2-furyl, 2-thienyl
R*=H, Me, Et

Scheme 1.24: Cu(ll)-catalyzed synthesis of quinolines from 2-bromobenzaldehydes/ketones

In this strategy, initially, copper-catalyzed nucleophilic aromatic substitution of 2-
bromobenzaldehydes (34) with sodium azide generated azido intermediate (A) followed by
reductive amination of A produced 2-aminobenzaldehydes (B). Finally, Friedlander annulation
afforded the corresponding quinolines (36) (Scheme 1.25).
0 0 . o) .
L e B e DR
o SNA'r\lrae'\;i;tion Na NH; i Ré

35

Scheme 1.25: Mechanism for the synthesis of quinolines from 2-bromobenzaldehydes/ketones

1.2.4 Carbazoles and Acridines

Jiang group established new synthetic route for the preparation of carbazole derivatives (38) from
diaryliodonium salts (37) via copper(l) thiophene-2-carboxylate(CuTc)-catalyzed nitrogen-iodine
exchange reaction in the presence of sodium azide (Scheme 1.26a).42 Further, this protocol
further extended for the synthesis of acridine derivatives (39) by introducing one more carbon-

atom in the diaryliodonium salts (37).

10
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CuTc (10 mol %) © CuTc (10 mol %)
N TPP (1.5 eq.) ®, OTf TPP (1.5eq.) H
[
=~ NaN3 (1.2 eq.) NaNj3 (1.2 eq.)
ety QSOsL SO
X Cs,CO; (2 eq.) NaHCO; (2 eq.) gt R?
DMA/H,0, 120 °C n=0,1 DMA/H,0, 120 °C
39 48 h 37 12h 38
20 examples R'=H, 7-Cl, 8-Me 15 examples
Yields: 40-96% R2 = H, 1—Me, 1-C|, 2-C|, 3-0Me, 3-NHOAc Yields: 42-97%

3-Cl, 3-Br, 3-CF3, 3-CN, 3-COOMe

S CuTc (10 mol %) NHMe, (3 eq.)
TPP (1.5eq.) g, N Br Pd(OAc),
Br ' Br  NaNs (1.2 eq.) X (10 mol %) Me2N AN .
b | P —_— |
Cs,CO;3 (2 eq.) P(tol)3 (20 mol %) =
DMA/H2O, 120 °C tBUOK (2 eq )

40 48 h 41, 69% 42, 53%
dioxane, 110 °C, 12 h

© 1). CuTc (10 mol %), TPP (1.5 eq.) H
@ OTf Me NaN3 (1.2 eq.), NaHCO;3 (2 eq.) N Me
. DMA/H,0, 120 °C, 12 h O O
COOEt 2). 2M NaOH (aq.), MeOH wCOOEt
cl cl
43 44, 52%

Scheme 1.26: Synthesis of carbazoles and acridines using diaryliodonium salts (37)

For practicability of this nitrogen-iodine protocol, synthesized acridine orange (42) from
diaryliodonium salt (40) in a two-step (Scheme 1.26b). Furthermore, non-steroidal anti-
inflammatory drug Carprofen (44) was synthesized using this protocol in a single step from
diaryliodonium salt (43) (Scheme 1.26c¢)

Very recently, Ohno group achieved the carbazole (47) synthesis through gold-catalyzed domino
annulation of conjugated alkyne (45) having azido functionality on aryl ring (46) (Scheme
1.27).1%1 This strategy was further extended for the synthesis of pyrrole fused carbazoles (49) by
replacing arenes (46) with Boc protected pyrroles (48).
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R‘l
R2
~ “N-Boc CN Boc 48 46 O R!
BrettphosAu(MeCN)SbFg BrettphosAu(MeCN)SbF6 O O
O (5 mol %) (5 mol %) O

N
H R' TCE, 110 °C, 0.5-2 h 140 °C, 12-24 h H 47
8 examples 10 examples
Yield: 81-95% Yields: 42-95%

= H, 2-Me, 3-Me, 4-Me, 4-OMe, 4-Cl, 4-NO,
R2-1 Me, 1-OMe, 1,2-OMe,, 1,3-OMe,

Scheme 1.27: Synthesis of carbazoles and pyrrole-fused carbazoles under Au-gold catalysis

The developed method was proceeded via intramolecular nucleophilic attack of the azido group
on the closed proximal alkyne group to form indole-gold carbenoid species (A). Subsequently,
nucleophilic attack of arenes on indole-gold carbenoid produced intermediate (B), intermediate B
on 6-endo-dig cyclization by arenes to another alkyne group afforded desired carbazole derivatives

(47) (Scheme 1.28). The proposed mechanism was supported by DFT calculation.

[Au] N
Y- [Aul-cat. : J{ :_ Rz@ 46

pr— pr— /, —_— f—
\ 2 o\
N 1
3 45 (A) R
6-endo-dig
cyclization

Scheme 1.28: Reaction mechanism for the synthesis of carbazoles via Au-catalyst

1.2.5 Benzimidazoles and Indazoles Analogues

Lee and coworkers disclosed Cu-catalyzed one-pot three-component tandem process for the
synthesis of benzimidazole derivatives from o-haloanilines, aldehydes and sodium azide in the
presence of TEMDA as a ligand in DMSO at 120 °C (Scheme 1.29).*1 Both
aromatic/heteroaromatic and aliphatic aldehydes reacted smoothly under these conditions and
afforded corresponding benzimidazoles in moderate to excellent yields (40-98%).

12
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CuCls, (5 mol %)

Z
Z. _NH, _Z _N
E X 0] TMEDA (5 mol % \> 2
R’ :[ * lj\ i NaNj ( ) R’ N ]: R
— P Y N
Y X R H H

DMSO, 120 °C, 12 h

50 51 52
R'=H, 4-COOMe, 5-CI; X =Br, I Y =Z = CH, N 44 examples
R2 = H, Ph, 4-MeCgHy, 4-OMeCgHy, 4-CICgHy, 4-NO,CgH, Vields: 40-98%

6-OMe-2-naphthyl, 2-furyl, 2-thienyl, 2-pyridyl, 'Pr, ‘Bu

Scheme 1.29: Cu(ll)-catalyzed three-component synthesis of benzimidazole derivatives

Later on, Punniyamurthy group further improved the benzimidazole synthesis by the reaction of
anilines, benzylamines and sodium azide in the presence of Cu(OAc): as a catalyst, TBHP as
oxidant and acetic acid as additives in DMSO at 80 °C (Scheme 1.30).1%! Different anilines and
benzylamines/aliphatic amines were well tolerated give desired benzimidazole derivatives in 35-
79% yields. Few control experiments such as isotopic labelling and radical scavenger experiments
were conducted to probe the reaction mechanism. These control experiments suggested that C-H
bond was not cleaved during reaction and reaction proceeded via radical fashion.
Cu(OAc), (10 mol %)

NH, N
R1_©/ C e SNH, ¢ NN TBHP (2 eq.), ACOH (5€q.) _ R_@: N R?
DMSO, 80 °C, 12-16 h N

53 54 52
R'=H, 2-Me, 2-Ph, 4-Me, 4-Et, 4-Pr, 4-OMe, 4-Cl, 4-NO, 37 examples
4-SMe, 4-NHAc, 2,4-Me,, 2,5-Me Yields: 35-79%

R? = Ph, 2-MeCgH,4, 2-OMeCH,, 3-CICgH,4, 4-MeCgH,4
4-OMeCgHy, 4-CICgHs, 2-furyl, 4-pyridyl, Bn, n-Pr, n-pentyl

Scheme 1.30: Synthesis of benzimidazoles via Cu(ll)-catalyzed multicomponent reaction

The proposed reaction mechanism was illustrated in Scheme 1.31. Initially, imine intermediate
(A) was formed by oxidation of amines (54) in the presence of Cu(ll) which on transamination
with anilines (53) produced imine intermediate (B). Coordination of Cu(OAc). with intermediate
(B) generated intermediate (C), which subsequently reacted with sodium azide in the presence of
TBHP and AcOH to produce intermediate (D). The single electron transferred from aryl ring of
aniline to metal centre further facilitated the transfer of azido group to aryl ring to form
intermediate (F). The single electron transfer from intermediate (F) generated intermediate (G).
Finally, reduction, oxidative cyclization, and aromatization led to desired benzimidazole

derivatives (52).

13
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NH,
Cu(OAc), . R1©/ 53
THBP g R? “NH, NN

N
R “NH, *T» RZSNH T» RZ "N~ "R? \‘
NH;

54 t A
H50, '‘BuOH RZ/\NHZ
NaNg, TBHP N, R2 N R2
N R? AcOH 1 S Cu(OAc), -
R N -~ R -~ R
Cu(ll) Cu(OAc),
NS
3
D C B
SET
N.__R?
N 1
< ) @
3
E 2H N
e
N>
\
u(OAc),
N.__R?
\Hz # x T
Cu(OAc Cu(OAc),
NH,
52 H

Scheme 1.31: Reaction pathway for the synthesis of benzimidazoles

Lee and Reddy group independently reported the synthesis of indazole derivatives via Cu-
catalyzed three-component cascade reaction of 2-bromobenzaldehydes (34), amines (55), and
sodium azide (Scheme 1.32). [46-47]

14
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Cul (10 mol %)
TMEDA (10 mol %)

Q DMSO, 120 °C, 12 h =2
R? R3—NH, 25 examples
R' N 55 Yields: 30-98% =
Br

R’ _ N-R®
NaN3 . N
34 Cu(Il)-Hydrotalcite
56
R" = H, 4-Me, 5-F, 4,5-(OCH,0); R? = H (20 mg/1.5 mmol)
R® = H, °Pr, Ph, 4-MeCgHy, 4-OMeCgH, DMSO, 120 °C, 6-20 h
4-BrCgHy, 4-SMeCgH,, 4-NO,CgHg 16 examples

16 examples
2-pyridyl, 1-adamantyl Yields: 32-91%

Scheme 1.32: Synthesis of indazoles through Cu-catalyzed multicomponent reaction of 34, 55
and NaNs3

1.2.6 Quinazoline Derivatives

Wau et al. successfully employed the Fe(111)/Cu(l)-relay multi-component cascade process for the
synthesis of 2-aryl-4-amino quinazoline derivatives from readily available 2-bromobenzonitrile,
benzaldehydes and sodium azide (Scheme 1.33).14¢1 The developed reaction proceeded through a
set of reactions. i) Fe(lll)-catalyzed [3+2] cycloaddition reaction between nitriles and sodium
azide; ii) Cu(l)-catalyzed nucleophilic aromatic substitution with NaNs; iii) reductive amination;
iv) condensation with aldehydes; v) oxidative C-N bond formation; vi) aerobic oxidation; vii)

finally, Cu(l)-catalyzed denitrogenation of tetrazoles.

FeCl; (30 mol %) NH,
O Cul (10 mol %)
CN
R P L-proline(20 mol %) 1 SN
+ Ar” H * NaNj R | /)\
Br DMF, 110 °C, 12 h NT Ar
57 58 59
R'=H, 4-Me, 5-Me, 5-CI, 5-F 25 examples
Ar = Ph, 2-MeCgH,, 3-CICgH,, 3-NO,CgH,, 4-MeCgH,4 Yields: 42-84%

4-OMeCgHy, 4-CICgHy,, 2-furyl, 3-thienyl, 1-naphthyl
Scheme 1.33: Fe/Cu-dual-catalyzed the synthesis of 2-aryl-4-amino quinazoline derivatives
Consecutively, the same group further developed a new method for the formation of substituted
quinazolines through copper-catalyzed multi-component reaction of 2-bromoaldehydes,
benzylamines and sodium azide (Scheme 1.34).[%1 In this method, benzylamines are used as a

surrogate of benzaldehydes

15
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R2 R2
Cul (10 mol %) N
@] L-proline (20 mol % N
R’ + R¥ONH, *  NaNj profine ( °) R L
Br DMSO, 80°C, 15h N R3
34 54 60
R' = H, 3-Cl, 3-F, 4-Cl, 5-Me, 5-OMe, 5-F, 4,5-OMe,; R? = H 25 examples

R3 = Ph, 2-MeCgH,4, 3-CICgH,, 3-OMeCgH,, 4-MeCgH, Yields: 36-82%
4-OMeCgHy, 4-CICgH,4, 3-pyridyl, 1-naphthyl

Scheme 1.34: Formation of substituted quinazolines from 2-bromoaldehydes, amines and azide

In extension, Kshirsagar and coworkers successfully achieved the synthesis of quinazolinone
derivatives via multi-component reaction of commercially available 2-bromobenzamides, benzyl
alcohols and sodium azide in the presence of CuO as a catalyst, L-proline as a ligand, TEMPO as
oxidant and p-TsOH as an additive in DMF at 110 °C (Scheme 1.35).55%
NH, CuO (20 mol %) O
L-proline (30 mol %)
R o . RL@/\OH . NaN TEMPO (20 mol %) R NH o e
Br ® p-TsOH (20 mol %) N
DMF, 110 °C, 24 h
61 62 63

R' = H, 4-Me, 4-CF3, 5-OMe, 6-Me 13 examples
R?=H, 4-Me, 4-'Pr, 4-OMe, 4-CF4 Yields: 47-76%

Scheme 1.35: CuO-catalyzed synthesis of quinazoline-3(4H)-ones from o-bromobenzamides

Very recently Mahdavi group disclosed a simple and efficient method for the preparation of 2-
thioxo-2,3-dihydroquinazoline-4(3H)-one analogues in good yields (61-76%) through Cu(l)-
catalyzed multi-component reaction starting from 2-bromobenzoates, aryl isothiocyanates and

sodium azide under basic reaction condition (Scheme 1.36).551

OMe Cul (5 mol %) o
o L-proline (10 mol %) N/R1
+ R'—NCS + NaNj KZCOS (0.5eq.) . /g
Br DMSO, 85°C,5h H S
64 65 66

14 examples

R' = Ph, 2-OMeCgHa, 2-CICeHy, 3-CICeH., 3-OMeCgHy, 4-MeCqH
N o o 6 o Yields: 61-76%

4-OMeCgH,, 4-NMe,CgHy, 4-CICgHy, 4-FCgH,, Bn, n-Pr, Pr
Scheme 1.36: Cu(l)-catalyzed synthesis of 2-thioxo-2,3-dihydroquinazolin-4(3H)-ones
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1.2.7 N-fused heterocycles

Atul and coworkers disclosed the Cu-catalyzed multi-component reaction for the preparation of
benzimidazole-fused  quinazoline  analogues from  2-(2-bromophenyl)benzimidazole,
benzaldehydes and sodium azide (Scheme 1.37).%% Benzaldehydes bearing both electron-
releasing and withdrawing were reacted smoothly and gave corresponding benzimidazole fused

quinazolines in good to excellent yields (60-94%).

N CHO Cu powder (10 mol %) R N\
R N L-proline (20 mol %) N
N 2 + + NaN3 =N R2
H R Cs,CO3 (1 eq.)
Br R3
67 68

R3
DMSO, 80 °C, 12 h
69
R'=H,6 NO,; R2=H 15 examples
R3 = Ph, 4-Cl, 4-NMe,, 4-NO,, 4-OH, 4-CN Yields: 60-94%

2,4,5-OMG3, 3,4,5-0Me3

Scheme 1.37: Cu-catalyzed synthesis of benzimidazole-fused quinazolines via multi-component

reaction

Our group has also described the synthesis of imidazole/benzimidazole-fused quinazoline
derivatives from 2-(2-bromoaryl)benzimidazole/imidazoles using sodium azide as one N-atom
synthon and N, N-dimethylacetamide (DMA) as one C-source under copper catalysis (Scheme
1.38).15¢1 Different types of 2-(2-bromoaryl)benzimidazole/imidazole were tolerated well in this

transformation and afforded the desired product in moderate to good yields (53-82%).

1
RU_N o Cul (20 mol %) AN
” E y_Q - TBHP (2eq.) " [N@
S g 2 NaNj *R1 5
R" N . R* Me™ NMe, p-TsOH (1 eq \=p R
67

)
130 °C, 10-12 h

70
R'=H, Me, Ph, 4-MeCgH,, 4-OMeCgH,, 4-FCgHy4, 3-OMeCgH,4 19 examples
R?=H, 4,5-OMe,, 5-Cl, 5-F Yields: 53-82%

Scheme 1.38: Cu(l)-catalyzed synthesis of imidazole-fused quinazolines from 2-(2-

bromoaryl)benzimidazole/imidazoles (67)

Very recently, Alla group successfully achieved the Cu-catalyzed multi-component synthesis of
quinazolino[4,3-b]quinazoline  derivatives  starting  from  easily  obtainable  2-

bromophenylquinazolin-4(3H)-ones in the presence of Cul and L-proline in DMSO at 80 °C
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(Scheme 1.39).54 Different benzaldehydes having both electron-releasing and electron-

withdrawing substituents were reacted smoothly in the developed optimized reaction conditions.

o (0] Ar
1 1
R@NH Br o Cul (10 mol %) R N)%N
L-proline (20 mol %)
“ + )J\ * NaN “
3 N
NJ\@ Arm H DMSO, 80 °C, 10-12 h
71 58 72
R'=H, CI 18 examples

Ar = Ph, 2-OMeCgH,, 2-CICgH,, 4-MeCgHj, 4-CICgH, Yields: 43-80%

4-NO,CgH,4, 4-CNCgH,4, 4-OCF3CgHy, 3,4,5-OMe3CgH,
2-furyl, 2-thienyl, 2-pyrrole

Scheme 1.39: Cu(l)-catalyzed one-pot synthesis of tetracyclic quinazolino[4,3-b]quinazolines
1.2.8 Miscellaneous N-heterocycles

The preparation of quinoxalines from N-aryl ketimines and NaN3s in the presence of Cu-catalyst
have achieved by Zeng et al. (Scheme 1.40).5%1 A variety of N-aryl ketimines gave the desired

products in moderate to good yields (33-85%).

3
1 R CuO (10 mol %) N R
R _ PhI(OAC), (3 eq.) R1©: R?
N * NaNj > NT

R? PivOH (2 eq.)
EtOAc, 25 °C. 16 h, Ar
73 74
R' = H, 2-OMe, 4-Me, 4-OMe, 4-F, 4-Cl, 4-Br 26 examples
R? = H, 2-OMe, 3-Cl, 4-Me, 4-OMe, 4-F, 4-Cl, 4-NO, Yields: 33-85%

4-CN, 4-COOMe, 2-furyl, 2-thienyl, 2-pyridyl
R®=H, Me, Ph, Bn, Cl

Scheme 1.40: Cu-catalyzed synthesis of quinoxalines from N-arylketimines (73)

Mao group applied the photoredox catalysis for the synthesis of functionalized phenanthridines
starting from vinyl azides under visible light (Scheme 1.41).5%¢ In the developed method, new C-
N and C-S bonds are formed, and sulfonyl chlorides were used as the source of sulfonylation under
mild reaction condition to get 6-sufonylmethylated phenanthridine derivatives in moderate to
excellent yields (28-93%).
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SO,R?
Ns 0 N—
o RU(bp})(/)?_'CF%GHf(; (2 mol %) <)
I .2 eq.
D o efe oRENSLT
0 DCM, rt, 18 h, Blue LEDs
R’ iy
75 76 77
R1 = Hv 2-OMea 2-Me! 2-Pha 4'Me, 4'OMe, 4'C|, 4‘CF3 27 examples
-/ © <
R? = Ph, 4-MeCgHy, 4-FCgHj, 4-NO,CgH,, 4-CNCgH, Yield: 28-93%

3-N02C6H4, 2,4,6-Me306H2, 2-fury|, Bn, Me, °Pr

Scheme 1.41: Synthesis of functionalized phenanthridines from vinyl azides under visible light

1.3 CONCLUSIONS

Azides have proven to be alternative and powerful one nitrogen source in organic chemistry for
the preparation on N-heterocycles. Recent application of azides in the development of numerous
synthetic pathway for nitrogen-containing heterocycles has been described in this chapter with
appropriate mechanistic details. There is a great scope to develop novel reaction methodologies
for the synthesis of nitrogen-containing heterocycles using azide as a single nitrogen source.
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Chapter 2: Part-A

2A.1 INTRODUCTION

Quinoline is a privilege nitrogen-containing aromatic heterocycle which contains benzene ring
fused with pyridine ring, and its systematic [IUPAC name is benzo[b]pyridine.[**! Quinoline
skeleton is ubiquitous molecules found in various natural products, and many of quinoline
derivatives act as intermediate and precursor in drug discovery, dye and pharmaceutical
industries.d  Quinoline derivatives (such as quinine, quinidine, mefloquine, ferroquine,
chloroquine, amodiaquine, and primaquine) have been exclusively used as antimalarial drugs
(Figure 2A.1).581 Moreover, quinoline and their derivatives have also shown a variety of

bioactivities, for example, antibacterial, antitumor, cardiotonic and antifungal activities (Figure

2‘ \- 2) -[9-11]
m
P
N

Quinoline
Benzo[b]pyridine

HO HNJ@\NM%
MeO
MeO \ N F:e
2 <
N CF3 Cl N
Quinine mefloquinine Ferroquine

OH
Me /@; MeO N
N~ NEt N NEt, \@()
N
N
HN
m e MRS
Me

Chloroquinine Amodiaquine

QA /

Cl

Primaquine

Figure 2A.1: Antimalarial drugs containing quinoline framework
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NH, O 0
FmCOOH E COOH | COOH F COOH
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Ciprofloxacin Norfloxacin Sparfloxacin Gatifloxacin
antibacterial drugs
Cl
’
S
N |
OH
Clioquinol

Topotecan
(anticaner agent)

HoN = Lenvatinib
MeO \N (anticaner agent)

CF ) |
3 1
2 \
FsC N“ N 1 m/ Vi
\ ' ‘esnarinon
H Me N?(\

H - H (cardiotonic agent)

(antifungal agent)

o

As Ligand for asymmetric and metal catalysis ' Quninoline base miscellaneous drugs

Figure 2A.2: Selective compounds containing a quinoline scaffold

Additionally, quinoline-based compounds also act as an asymmetric catalyst, a ligand as well as
directing group in C—H activation under transition metal catalysis. Quinoline ring system

incorporating with metal is also used in functional materials.[*2-2l

2A.2 Different approaches for the synthesis of quinolines

Several traditional methods such as Combes, Skraup, Friedlander, Niementowoski, Doebner-von
Miller, Pfitzinger and Conrad-limpach reactions have been developed for the synthesis of
quinolines (Scheme 2A.1).124151 In these conventional methods, first imine formation (12) occur
in between aniline (1) and a-methylene aldehyde/ketone (11) which on tautomerization led to

formation intermediate (A) and followed by intramolecular cyclization to afford intermediate (B)
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which on dehydration result in the formation of quinoline derivative (3). Although these traditional
methods have been successfully utilized in quinoline synthesis, they required harsh reaction
condition and a stoichiometric amount of acid. These limitations restrict their application for the
synthesis of functionalized quinolines. To overcome these limitations, several different methods
have been developed in the last few decades employing multicomponent/ tandem reaction, use of
transition metals and alternative starting materials.l*>'1 Among alternate route for quinoline
synthesis, the multicomponent/tandem reactions using transition metals (such as Ru, Rh, Pd, and
Cu) has received more attention because this strategy involves multiple bonds formation in one-
pot, avoids isolation and purification of intermediates and it is a step- and atom-economical. The

method allows to generate more functional substituted quinoline molecules.[*8-2%

OH 0 R4 2
Ho._A_oH 2 Rs)J\/ 7 R
)
Skrtahup§ Friedlander's RL@ 8
synthesis synthesis NH;
R® =
AN 4
CHO 2/h5/0R5 Q
NH R4/R°/OR
2 Doebner-Miller R )J\/R4 7 O
reaction N R®
)Ol\/?j\ 5 N7 RS Pfitzinger R’ ©
e 3 RS R’ reaction N 9
1 R . 3 H
Combe's synthesis
O O

(0]
5 R*
Rs)HTU\OR 6 Ra)l\/ 7 COOH
R
Cornrad-limpach Niementowoski ONHZ 10
reaction reaction R

R® 5
NH, o o e oy R WRIOH
4
Condensation 1 o 1 R R
R n R3 RS f’ R _ . — > R - ‘ , — R! < ‘

N R° Tautomerism N R 3
R* H,0 H N™ R

1 11 12 B

A
R R® OH/
4 4
RN R0 RN H
3 C
Scheme 2A.1: Different conventional approaches and general mechanism for quinoline synthesis

In this chapter, transition-metal catalyzed construction of substituted quinolines using
multicomponent/tandem/domino approaches in recent years have been summarized. Subsections

are based on the transition-metal used in the reactions.

26



Chapter 2: Part-A

2A.2.1 Ruthenium and Rhodium catalyst

Shim group developed and modified the Friedlander quinoline synthesis through Grubb’s Ru-
complex catalyzed oxidative cyclization of 2-aminobenzyl alcohol (13) with ketones (7) (Scheme
2A.2a).Y1 The key step in this strategy is oxidation of 2-aminobenzyl alcohol to 2-
aminobenzaldehyde via oxidative addition of Ru-complex followed by B-hydrogen elimination
which undergoes imine formation with ketone followed by intramolecular cyclization as described
in Friedlander synthesis. Friedlander quinoline synthesis has also been improved by Yus’s group
where they used alcohols (15) first time as a reagent in quinoline synthesis instead of ketones with
o-aminocarbonyls (8) using RuClz(dmso)s complex as catalyst under solvent-free condition
(Scheme 2A.2b).122

o RuCl, (=CHPh)PCyj, R?
OH X
1 mol %)
NH R’ KOH (1 eq.) NEY

13 7 dioxane, 80 °C, 1 h, Ar 14
R'=H, alkyl, Aryl, 2-thioenyl, 2-pyridyl 24 examples
R2=H. Me. Ph Yields: 66-99%

R? R2
OH R*
O RuCl, (d 2 mol % X
1 u mso mo
NH, BUOK (1 eq.), Ph,CO (1 eq.) N R3
8 15 solvent free, 100 °C 3
R"=H, 6-Cl, 6-NH,; R = Ph, Me, 2-CIC¢Hs 48 h 26 examples
R3 = Me, Aryl, 2-furyl, 2-naphthyl Yields: 48-99%
R*=H, Me, Ph

Scheme 2A.2: Modification of Friedlander quinoline synthesis using Ruthenium complex

Most of the reported methods required o-aminocarbonyl (8) as starting materials in quinoline
synthesis, which are relatively unstable because of readily undergo self-condensation. One of the
main disadvantages of these o-aminocarbonyl compounds (8) is that they are prepared by the
typical reduction of o-nitrocarbonyls (16), which restrict the substrate scope of the quinoline
synthesis. To overcome this inherent problem, Wu and coworker used o-nitrocarbonyls (16) as
starting material which was insitu converted to o-aminocarbonyls (8) using alcohol (15) in the
presence of Ru-catalyst via cascade process and gave a useful solution in Friedlander quinoline
synthesis (Scheme 2A.3).12%
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X OH R
o} RuCl,(PPh3); (2.5 mol %)
R 3 2 3)3 1
4©\/\ + RzJ\/R R _
NO, N

K,COj3 (1 eq.), PhCI R?
16 15 150 °C, 1d 17
R" = H; R? = Pr, Ph, 4-BrCgHy, 4-OMeCgH, 18 examples
H . 0,
R4 = H, 4-Cl, 4-F, 4,5-di-OMe; R3 = H, Me Yields: 25-83%

Scheme 2A.3: Ru-Catalyzed synthesis of substituted quinolines using o-nitrocarbonyls

The reaction pathway proposed by Wu was showed in Scheme 2A.4. In this approach, unreactive
o-nitrobenzaldehyde (16) and alcohols (15) simultaneously converted into reactive o-
aminobenzaldehyde (18) and a-methyl carbonyl compound (8) respectively by hydrogen transfer
with the help of [Ru(PPh3)sCl] catalyst. Initially, [Ru(PPh3)sCl>] complex takes away hydrogen
with the help of base from alcohol (15) to form reactive carbonyl compound (7) and also [Ru]
converted to [Ru]H2. Subsequently [Ru]H> reduced the o-nitrobenzaldehyde (16) to o-
aminobenzaldehyde (18) by hydrogen transfer which borrows from alcohol (15) and [Ru]H:
converted back to [Ru]. Immediately o-aminobenzaldehyde (18) reacted with a-methyl carbonyl
compound (7) to produce imine intermediate, which undergo cyclization as described in
Friedlander synthesis (Scheme 2A.4)

R2
R3 jYKO\
X 3
€L L, o~ r T
Y,
N" R 7 NH, 15 \.. Base
17 H,0 18
1 \O 9
R 3
NO, [RuH, R
7

Scheme 2A.4: Mechanism of hydrogen transfer by [Ru(PPhs)sCl2] complex

Weingarten and coworkers presented a complementary method to the classical Skraup-Doebner-
von Miller reaction for the synthesis of quinolines by using of o-aminophenyl boronic acid (19)
and «, f-unsaturated ketones (20) in the presence of [RhCI(cod)]2 catalyst under basic rather than

acidic condition (Scheme 2A.5).[24
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4
i). [RuCl(cod)], (3 mol %) R
B(OR), Q KOH (2 eq.) R3
1 X
R " Rzﬂ\/\w toluene, rt,24 h R
~—
NH, R3 ii). 10 % Pd/C (20 mol %) N~ OR2
19 20 reflux, 4 h, air 3
R'=H, 5-Me, 4-CF3 17 examples
R2 = Me, Ph, 2-thieny, 2-naphthyl, 2-pyridyl Yield: 42-93%

R3=H, Me; R*=H, Aryl, n-pentyl

Scheme 2A.5: Ru-catalyzed synthesis of polysubstituted quinolines from 2-aminophenyl boronic
acids

Willis also reported the synthesis of 2-aryl quinolines (23) by using o-alkenylanilines (21) through

Rh-catalyzed hydroacylation with SMe-benzaldehydes (22) followed by deprotection of Boc

using TFA (Scheme 2A.6).12°! Furthermore, the SMe group on the aryl ring of quinoline was

transformed into the aryl ring by the reaction of boronic acid to form sulfide-free quinolines.
SMe O

i). [Rh(nbd),]BF 4 (5 mol %)
=z H dopm (5 mol %), Me,CO (1 M) R O N SMe
R1 + R2 N/
NHBoc ii). TFA, DCM, rt O R
21 22 23
R = H, 4-CN, 4-COOMe, 3-Me, 4-Br, 4-F, 4-NH,, 2-OH, 2-| 31 examples
R2 = H, 3-OMe, 5-CF; Yields: 51-98%

Scheme 2A.6: Rh-catalyzed synthesis of polysubstituted quinolines from o-alkenylanilines

Despite the various route for the quinoline synthesis, these methods were limited to a-methyl
ketones and ¢, p-aldehydes/ketones.[?81 An alternate elegant and attractive approach has appeared
by using alkenes and terminal/internal alkynes since Povarov reaction has been discovered. In the
continuation of this Uneyama and team disclosed an attractive 2-fluorinated quinolines (26)
synthesis from N-aryl trifluoroacetimidoyl chloride (24) and internal alkyne (25) in the presence
of Rh(I)-catalyst (Scheme 2A.7).[27]

R3
R Re [RhCI(cod)], (2.5 mol %) NS
/)\ R3 ——R? - R’ P
N™ lcl DPPE (5 mol %), NEts/Na,CO4 N O Re
24 25 PhMe, 110 °C, 24 h 2%
R'=H, 4-OMe, 4-Cl, 4-Me 22 examples
Rg = CF5, CF,Br Yields:22-82%

R?= R3= Ph, COOMe, 2-thienyl, F, Pr, Me

Scheme 2A.7: Rh-catalyzed synthesis of substituted quinolines from imines and alkynes
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Dixneuf et al. reported new methodology for quinolines synthesis via sequential Ru(lIl)-catalyst
and p-TsOH as co-catalyst from aniline and terminal alkynes (27) (Scheme 2A.8).[81 The
formation of quinolines were achieved from intermediate allyl ketones (A) which is produced by
the reaction of a terminal alkyne with water under the co-operative catalytic process of Ru(Il) and
p-TsOH. Then condensation and aza-Michael addition of anilines to allyl ketones followed by
retro-Mannich type fragmentation to generate ketamine (C) and imine (D). Then reactive imine

undergoes self-condensation followed by oxidation to afford the desired quinolines (28).

® o
NH> i). [Cp*Ru(MeCN)sPFg (4 mol %)

Ar
H,0, p-TsOH (15 mol %) R A
R' + Ar dioxane, rt, 0.5-2 h N Ar

ii). MS,100°C, 5-10 h

1 27 28
R" =H, 'Bu, 4-MeCgH, 16 examples
T ;
Ar = Ph, 4-BrCgHy, 4-CF3CgHy, 4-BuCgH, Yields: 60-86%
|‘| Ru-cat. 0] @ ‘@\ /@ Retro- RL@\ /@
p-TsOH NH N Mannlch
AT Ar/\)J\A
H,O Aza-michael r
and
27 A condensation B c D
R']

Ar
CYC|03dd't'0n Aromatization R1m/
bz Al
\ r
Ar

D An|I|ne 28

Scheme 2A.8: Synthesis of 2,3-disubstituted quinolines from aniline and alkynes

Li group documented chelation-assisted Rh(l11)-catalyzed oxidative annulation of isonicotinamide
(29) with 2 moles of internal alkynes (25) to achieve quinolines (30) in moderate to excellent yield
(21-90%) via 2-fold C-H activation with broad functional group tolerance (Scheme 2A.9).[2°1

H H
o} N\Rz R2/N o} Ré
R3
. [Cp*RhCly], (2.5 mol %) N
R N | + R —R* R Pz
N - Cu(OAc),-H,0 (2.2 eq) N R3
o]
29 25 M62CO, 120 C, 6 h 30 R4
R'=2-Me, 2-Br; R? = H, ‘Bu, 4-MeCgH,4 24 examples
R3= R* = Ph, COOMe, 2-thienyl, F, 'Pr, Me Yields: 21-90%

Scheme 2A.9: Rh-catalyzed synthesis of quinolines using alkynes
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A one-pot oxidative annulation of anilines (1) with alkynyl ester (25) to access quinoline 3-
carboxylates (31) catalyzed by Rh2(OAc)4 have been described by Sudalai and coworkers with the
use of formic acid as C1 synthon in quinoline product (31) (Scheme 2A.10a).B% The authors also
observed that a combination of [RhCp*Cl2]o/AgSbFs/Cu(OAc), was the most suitable catalyst to
access 3,4-disubstituted quinolines in case of internal alkynyl ester (25) with good to excellent
yields. Very recently, Yi et al. employed DMSO as one carbon atom source as well as reaction
medium in the quinoline (32) synthesis catalyzed by Co(lll) using similar building blocks
(Scheme 2A.10b).3Y A series of 49 compounds were synthesized in 65-90% yield by varying

different substituent on both anilines and internal alkynes.

3
R Rh,(OAc), (2.5 mol %) NH, R3
R HCO,H, 50 °C, 6 h R [CpCOCOI,] (5 mol %) R2
R’ P or 1 AgNTf, (20 mol %) R N
~
N [CP*RhCl,], (2.5 mol %) N K,S,08 (1.5 €q.) N
31 AgSbFg (20 mol %) R DMSO 32
Cu(OAc),-H,0 (20 mol %) - 120 °C, 8 h, air
12 examples DCE. 50 °C. 5 h 25 49 examples
Yields: 65-80% ’ ’ Yields: 60-95%
(a) (b)
R3=H R' = 3-acetylamine, 3-OMe R3=H
R? = COOEt, COOMe 3,4-diOMe, 4-F, 4-Me, 4-Br R2 = COOEt, COOMe
R?=R3= Ph, COOMe Ph, 2-thienyl, 3-pyridyl

Scheme 2A.10: Formation of substituted quinolines from anilines and alkynes

A simple and elegant one-pot synthesis of 2-amino substituted quinolines (34) has been reported
by Hua et al. from 1-aryl tetrazoles (33) and internal alkynes (25) under Rh(I11) and Cu(ll) catalysis
(Scheme 2A.11).%2 The reaction proceeds via initial formation of tetrazole fused quinolines by
the reaction of 1-aryltetrazoles (33) with alkynes (25) through double C-H activation in the
presence of Rh(lll)-catalyst followed by Cu(ll)-mediated denitrogenation to afford 2-
aminoquinolines (34).

R3
] [Cp*RhCl,], (2.5 mol %) 2
R ,N:N X R
Nl R3_— R2 Cu(OAc),-H,0 (2.5 eq) R
\=N * — ” “
KOAg: (2 eq), DMAc N” NH,
33 25 130 °C, 6 h, N,-atm 34
R' = H, 4-OMe, 4-Pr, 4-OCFj 24 examples
R? = R® = Ph, COOMe, 2-thienyl Yields: 52-77%

R? = Me,Et, n-Bu; R® = Ph, 4-OMeC4Hg

Scheme 2A.11: Rh(ll1)-catalyzed synthesis of 2-aminoquinolines from 1-aryltetrazoles
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The oxidative cyclization of o-alkynyl/alkenyl anilines (35) with internal alkynes (25) to achieve
substituted 4-keto quinolines (36) by dual transition metal photoredox catalyst has been developed
by Zhu group (Scheme 2A.12).531 The molecular oxygen act as a source of oxygen in the carbonyl

group was confirmed by isotopic labeling effect.

_R? R3 O.__R?
P Ru(bpy)sCl, (5 mol %)
’ | | CuCl or CuCl, (20 mol %) N R3
R1 n R1
NH 4 or PdCI, (10 mol %)/PPhs (20 mol %) _
2 R DMF, blue LEDs, rt, 12-18 h, O, atm N R*
35 25 36
R? = Ph, 2-OMerC4Hg, 4-NO,C4Hg, 2-thienyl 32 examples
R®=R*= Ph, COOMe, 2-thienyl, F, ‘Pr, Me Yields: 30-78%

R'=H, 4-Me, 4-Br, 4-CF,4
Scheme 2A.12: Synthesis of 4-carbonylquinolines by the photoredox catalyst
Zhang group also achieved quinoline (39) synthesis by visible-light-induced photocatalytic

oxidative C-C cross-coupling followed by aromatization of functionalized anilines (37) with

alkenes (38) at room temperature under aerobic conditions (Scheme 2A.13). B4

Ru(bpy)3Cly-gH20 (0.5 mol %)

R* N
R! oR? m% Cu(OTf), (10 mol %) R | ,
+ £
N RO MeCN, rt, 5-15 h, air N Ny OR
0

3W blue LED o
37 38 39
R"=4-Me, 4-OMe 4-OH, 4-Br, 4-Cl R%®= H, Me 38 examples
R2= Me, Et, Bn, Bu, Pr, Ph, allyl  R*=H, Ph 4-CIC¢H,, 4-CF3CgHy, 4-FCgH, Yields: 18-84%

4-OMeCgHy, naphthyl, Mesityl
Scheme 2A.13: Synthesis of functionalized quinolines by visible-light induced photoredox

catalyst

2A.2.2 Palladium catalyst

Palladium-catalyzed synthesis of substituted quinolines (42) via domino Heck coupling of o-
bromoaniline (40) with allyl alcohol (41) followed by condensation and dehydrogenation in one-
pot have been achieved by Stone and Larock independently (Scheme 2A.14).35%! In Larock
approach dehydrogenation happened by palladium itself to give corresponding quinolines which
also lead to disproportion reaction of dihydroquinoline to tetrahydroquinoline. Stone further
improved the Larock strategy by using diisopropyl azodicarboxylate (DIAD) for dehydrogenation

reaction.
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Br R3 ). IPd(allyICll, (1 mol %) LR O
R1©: * Hoﬁ/& L (3 mol %), Cy,NMe (1.2 eq.) R1©\/:[ |- (B,
NH, MeCN, 90 °C N” "R? . Me
e

2
40 R 41 ii). ACOH, DIAD, 15 min
R'=3-Me, 4-CN, 5-F, 6-F 15 examples |
R2=H, Me; R® = Ph, Me, COOMe, n-Bu Yields:46-76%  t-Butyl MePhos

Scheme 2A.14: Pd-catalyzed synthesis of quinoline derivatives from 2-bromoanilines and allyl

alcohols

Recently, Pd(I1)-catalyzed synthesis of disubstituted quinolines (44) in moderate to good yield
(60-84%) by oxidative cyclization of aryl allyl alcohol (43) with anilines (1) have been disclosed
by Sun group under O, atmosphere without the use of acid and base (Scheme 2A.15).E7]
R1©\ . R? . Pd(OAc), (10 mol %) R1mRZ
NH, HO\)VR DMSO, 130 °C, 12 h, O, N7 OR3
1 43 44

R'=H, 2-Me, 4-Cl, 4-Ph, 4-OCF3, 4-CN 28 examples
R2=H. Me Yields: 60-84%

R3 = Ph, 4-FCgHy, 4-NO,CgHy4, 4-MeCghs
2-furyl, 2-OMeCgH,4

Scheme 2A.15: Pd(l1)-catalyzed formation of quinolines from allyl alcohols and anilines

Jiang et al. modified Povarov’s method by using electron-deficient terminal alkenes (46) under
Pd-catalysis (Scheme 2A.16a).81 The modified method is compatible with both electron-releasing
and withdrawing substituents on aldehydes (45) and anilines (1) to furnish corresponding 2,4-
disubstituted quinolines (47) in good to excellent yield (42-93%). Furthermore, various terminal
olefins (46) such as acrylamides, acrylonitriles, and aliphatic olefins also underwent the reaction
smoothly in this protocol whereas in the case of acrylic acid underwent decarboxylation happened
to produce 2-substituted quinolines. Subsequently, the same group established Pd-catalyzed
synthesis of 2-substituted quinoline derivatives (49) from allylbenzenes (48) and anilines (1) via
aerobic oxidative C-H coupling (Scheme 2A.16b).% By the control experiments, the authors
proved that allylbenzene (48) act as «, f-aldehydes (4) surrogate and water played an important

role in the oxidative coupling.
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R3
NH, PdCl, (5 mol %), LiBr.H,0 (1 e
, LiBr. q.) ~
R1© + R-CHO + Z°R® 2 - R’ _ @)
MeCN, 60 C, 8 h N~ "R?
1 45 46 47
R'=H, 4-Br, 4-FCgHy, 3-F, 3-NO,, 2-Me 51 examples
R2 = Ph, 4-OMeC6H4, 4-BFC6H4, 4-N0206H4, 4-CF3C6H4, Cy, 2-fury|, 2-th|eny| Yields: 42-93%

R3= COOH, COOMe, COOBu, CONH,, CN

NH,
Pd(OAC), (10 mol %), p-TsOH (20 mol % AN
DMSO, H,0, 110 °C, 24 h, O, N" A

1 48 49
R'=H, 4-CN, 4-CF3, 3-Me, 2-OCF, 46 examples
Ar = Ph, 4-MeCgHy, 4-NO,CgH,, 3-CNCgH,, 2-OMeCgHy, 2-indolyl, 2-thienyl Yields: 48-88%

Scheme 2A.16: Synthesis of quinoline derivatives through Pd-catalyst using alkenes and anilines

Wang and coworkers demonstrated the construction of 3,4-disubstituted quinolines (50) from
alkenes (46) and o-aminocarbonyls (8) using Pd(TFA)2 as a catalyst in the presence Cu(OTf)2 as

oxidant under an oxygen atmosphere (Scheme 2A.17).14%

o) R?
R1~©\)LR2 . g Pd(TFA), (5 mol %), Cu(OTf), (20 mol %) R1®/R3
NH, TFA (20 mol %), PhCI, 110 °C, 2-6 h, O, N
8 46 50
R"=H, 4-CIC¢H,, 4-MeCgH,, 4-OMeCgH, 16 examples
R?=H, Me, Ph Yields: 48-87%

R3 = Ph, 2-naphthyl, 4-CNCgHy, 2-NO,CgH,4, n-Hexyl
Scheme 2A.17: Synthesis of 3,4-disubstituted quinolines achieved by Pd(l1)-catalyst
Lei et al. reported the first palladium-catalyzed synthesis of multi-substituted quinolines (51) from

commercially available o-aminocarbonyls (8) and internal alkynes (25) in moderate to good
product yield (51-88%) (Scheme 2A.18).[

0 RS R?

2 R4
s o

R RZ |l PdBr, (5 mol %), PivOH or AcOH (8 eq.) " X

—
NH; R4 DCE:PhCN (1:1), 130 °C, 18 h N~ "R®

8 25 51
R'= H, 4-CICgH4, 4-NO,CgH,4 26 examples

R2 = Me, Ph, 4-MeCgH, Yields: 51-88%

R3=R*= Ph, COOMe, 4-MeCgHy,, 4-CICgH,
Scheme 2.18: Pd-catalyzed synthesis of poly-substituted quinolines from o-aminoketones and

internal alkynes
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Interestingly, Rossi and coworkers established an efficient route for the formation of 4-
aminoquinoline derivatives (56) by four component reaction between o-alkenylamines (52),
iodoarenes (53), amines (54), and carbon monoxide (55) under Pd-catalysis (Scheme 2A.19).142

|
= “NH
R A s Pd(OAc), (5 mol %)
~ i + R°=NH; + CO - AN
X~ NH, P(o-tolyl)s (7 mol %) R |
R2 THF/TEA Ny SN )
R
100 °C, 16 h
52 53 54 55 56
X =CH, N; R"=H, 4-Me 26 examples
R? = 4-Cl, 3-CF3, 4-OMe, 4-COMe Yields: 42-99%

R3 = Bn, n-Bu, CH,COOEt

Scheme 2A.19: Pd(l1)-catalyzed synthesis of 4-aminoquinolines via four-component reaction

The synthesis of quinolines was carried out via triple tandem sequence where first carbonylative
coupling of o-alkenylamines (52) with iodoarenes (53) followed by inter and intramolecular attack
of amine (54) to the carbonyl couple product (E) (Scheme 2A.20). Initially, oxidative addition of
Pd(0) to iodoarenes (53) gives intermediate (A) followed by insertion of CO to produce
arylcarbonyl palladium complex (B), which undergoes 1,2 migration of aryl group gives complex
(C). Then the addition of o-alkenylamines (52) to complex (C) followed by reductive elimination

of complex (D) affords the ynones (E).

gﬁy w ﬂ {5

Ar-Pd-1 (A)

[l--Paconr ArPd(CONHR?)

(H)

ArPd(CO)
ArCOPdI/ (B)
(C) 3_
RE—NH; R3—NHj|
(G)

56

Scheme 2A.20: Mechanism for Pd-catalyzed synthesis of 4-aminoquinolines from o-alkylamines
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Intermolecular nucleophilic attack of primary amine (54) to give intermediate (F) followed by
intramolecular nucleophilic addition of arylamine to afford 4-amino substituted quinolines (56).
Simultaneously, intermolecular nucleophilic attack of amines to arylcarbonyl palladium complex
(B) to give arylcarbamoyl palladium complex (H) followed by reductive elimination give
benzamide derivatives (57).

In extension, palladium-catalyzed domino three-component synthesis of 4-aminoquinolines (59)
has been presented by Ruijter group from o-bromoanilines (40), isocyanides (58), and terminal
alkynes (27) (Scheme 2A.21).1481 The developed protocol proceeds via imidoylative Sonogashira
coupling (1) followed by acid-mediated cyclization. This three-component protocol is highly
compatible with diverse substituents on o-bromoanilines (40) and primary, secondary or tertiary
aliphatic isocyanides (58).

i). Pd(OAG), (5 mol %) an-R

Br - Xanthphos (10 mol %)
C C \
RL@: L0 |‘] CuBr (15 mol %), Cs,CO4 (2 eq.) o
NH, | DMF, 90 °C, 15 h A

ii). 2M HCI, 15 min, rt
40 58 27 59

R'=H, 4-Cl, 5-F, 5-OMe, 4-Me 28 examples
R? = Cy, n-Bu, Pr, 1Bu Yield:24-87%

Ar = Ph, 4-MeCgHy, 4-FCgH,, 2-naphthyl

_R? _R?
_ 7 N HN
1@Br T o | 2M HCI
R + 58 — > S -, X
NH, Base R N Ar Cyclization RL@{)\
=Ar NH, N~ Ar
40 27 59

Scheme 2A.21: Pd-catalyzed synthesis of 4-amino substituted quinolines from 2-bromoanilines

2A.2.3 Copper catalyst

A simple, efficient and inexpensive strategy for quinoline synthesis is highly desirable for organic
chemists. With this requirement, Igbal and his coworkers successfully developed 2,4-disubstituted
quinolines (61) by three component coupling reaction of anilines (1), arylaldehydes (45), and
terminal alkynes (60) through copper-mediated via Povarov type reaction (Scheme 2A.22a).[44l
This three-component reaction also referred to as A3-coupling reactionl. Wang group applied a
similar strategy for quinoline synthesis (61) by using the combination of both AuClz and CuBr

catalyst.[*®]
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R3

(a) =—R® 60 §
CuCl (30 mol %), THF, reflux, 12 h 1 61 9 examples
uel ) = R A, Yields: 31-48%
R® = n-Bu, n-Hex, CH,OH N" R
R1~©\ 1
NH2 R3

(b)
R'=H, 4-OMe, 4-NO, — .3 o XN 18 examples
4-Me — R7 60 Cu(OTh), (5 mol %) R ] &1 Yields: 61-89%
+ 100 °C, 4-12 h N~ ~R2

o R3 = n-Bu, n-Hex, Ph, 2-FCgH, OH

L a5
R2™ TH OH 62
() :‘—/); 0,1, 2

R =Ph, 4-OMeCoH, CuCl (10 mol %), AuCI (5 mol %
4'FCGH4, iPI’, Cy u ( mo 0), u ( mo o)

24 examples
Yields: 38-93%

THF, reflux, 6 h

Scheme 2A.22: Cu-catalyzed synthesis of substituted quinolines via Pavorov-type reaction

Larsen et al. further improved the Igbal and wang’s synthesis for the quinolines (60) by using 5
mol % of Cu(OTf), without the use of ligand, additive, and solvent (Scheme 2A.22b).14"] The
improved methodology was also applied on both aromatic and aliphatic aldehydes (45) and
provided quinolines (61) in good to excellent yield (61-89%). Later, an alternate route for the
formation of functionalized quinolines by A3-coupling reaction was disclosed by Lin group under
CuCl and AuCl as dual sequential catalysis. The developed transformation involves
hydroxyalkylated terminal alkynes (62) to produce 4-hydroxyalkyl substituted quinolines (62)
(Scheme 2A.22¢).[481

Inspired by the above multi-component reaction using alkynes (60), Wan and coworkers examined
the N, N-dimethyl enaminones (64) instead of the terminal alkynes (60) with amines (1) and
aldehydes (45) under Cu-catalysis for the synthesis of functionalized quinolines (65) (Scheme
2A.23)."°1 various analogue containing electron-releasing and withdrawing substituents have

been achieved to explore the generality of the reaction.

o)
o)

] NH /\)J\ Cul (20 mol %), TfOH (2 eq.) R Xy "R?

R + R2-CHO + Me,N" X R3 A,
DMF, 90 °C, 6 h N~ "R
1 45 64 65
R'=H, 4-Me, 4-NO,, 4-OMe, 4-CI 25 examples
R? = Ph, 4-MeCgH,, 4-FCgHy4, Cy, Pr Yields: 51-88%

R3 = Ph, 4-MeCgH,, 2-furyl, 2-naphthyl

Scheme 2A.23: Cul catalyzed the synthesis of substituted quinolines from enaminones
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Patil et al. disclosed an efficient strategy for substituted quinolines (66) via domino approach from
readily accessible terminal alkynes (60) and o-aminobenzaledes (8) catalyzed by Cul and
pyrrolidine co-operative catalytic system (Scheme 2A.24a).™"! This co-operative catalytic process
showed broad substrate scope with large functional group tolerance such as -NO3, -CN, -COOMe
and -Br on o-aminobenzaldehydes. Another example of Cu-catalyzed quinoline formation (67)
with internal alkynes (25) and o-aminocarbonyls (8) was reported by Cao and coworkers (Scheme
2A.24b).5Y This developed strategy, offered an inexpensive, easier and mild reaction condition to

synthesize quinolines (67) having perfluoroalkyl group at the C2 position.

2 (0] 2
R R3—= 59 Re—=R® 25 R ,
R14©\)ﬁ\ Cul (10 mol %) R R2 i). DMF, 60 °C, 3h R14©\)jR
N7 R®  Pyrrolidine (25 mol %) NH, ii). Cu0 (10 mol %) N Re
MeCN, 100 °C, 12-48 h DIPEA (10 mol %)
66 8 5h 67
24 examples 17 examples
Yields: 58-94% (a) (b) Yields: 29-91%
3 ) . R1 = H, 4-C|CGH4, 4-N0206H4 RF = CF3, CQFs, C3F7
R* = n-Hex, Cy, Ph, 2-thienyl, Clnnamyl RZ =H, Me, Ph, 4-MeCGH4 R3 = COOMe

Scheme 2A.24: Cu-catalyzed synthesis of quinolines from 2-aminocarbonyls and alkynes
Formation of highly complex quinolines (69) via Cu-catalyzed domino reaction of alkenyl iodides
(68) with o-aminocarbonyls (8) has been disclosed by Li group. The developed methodology
proceed via Cu-catalyzed Ullman-type C-N coupling between alkenyl iodides (68) and o-

aminocarbonyls (8) followed by an enamine condensation reaction (Scheme 2A.25).52

0]
, R*
R2 | Cul (10 mol %), glycine (20 mol %) 1 A
R1 + R4V\4/\ R _—
R3 N R3

NH, K,CO3 (2 eq.), DMF, 130 °C, 10-25 h
8 68 69
R'=H, 4-CIC4H,, 4-MeCgH,, 4-OMeCgH, 11 examples
R2=H, Me, Ph: R3=H, n-Pr Yields: 57-95%
R*= Ph, n-Bu, n-Pr

Scheme 2A.25: Cu(l)-catalyzed synthesis of quinolines using alkenyl iodide and o-

aminocarbonyls

Hu et al. first time documented an attractive approach for the direct 3-iodosubstituted quinolines
(73) via three-component reaction of 1-iodoalkynes (72), nitriles (71), and diaryliodonium salt (70)
in the presence of Cu(OTf). as catalyst (Scheme 2A.26) *®l This method described good generality
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to both iodoalkynes (72), and nitriles (71), thus providing the wide molecular diversity of 3-iodo
functionalized quinoline derivatives (73) in moderate to excellent yields (40-90%).

| R2
[

+ - N 0 N
<@|pF6 Sl CUOT, (10 mol %) m

—
2 R! R2 DCE, 100 °C, 12 h N™ R

70 71 72 73
R'= Ph, 4-CIC4Hy, 2-ICgH,, 2-thienyl, n-Bu, 4-OMeCgH 27 examples
2 o g e SO A, ST e Yields: 40-90%

R2=Ph, 4-CICgHy, 2-FCgH,4

Scheme 2A.26: Synthesis of substituted 3-iodoquinoline by using aryliodonium salt

In this methodology, Cu(OTf), reacts with diaryliodonium salt (70) to give Lewis base
PFe-Cu(OTf)2 and Phal*. Cu(OTf), also undergo disproportionation reaction insitu to produce
Cu(l) and Cu(l11) which plays an important role in reaction mechanism as shown in Scheme 2A.27.
Cu(l) act as a dual catalyst in this method first diaryliodonium salt (70) convert into PhCu(lll)
complex (B) and second, activate 1-iodoalkyne (72) by forming n-complex (A). Then nitriles (71)
attack on PhCu(l11) complex (B) to convert N-phenylnitrilium salt (C), subsequently C reacts with
(A) to form intermediate (D). Finally, D undergoes electrophilic annulation to afford 3-

iodoquinoline (73) in the presence of Lewis base PFe-Cu(OTf)s.

!
- /
Ph,—IPFe /

R2 72 '
Cu(OTH, 70 |‘|""' cu(l)
R2 > (A)
c

©

TfO),Cu-PF u(l) ® R2 R?
(TfO), 6 b R1—=N'Ph/\ NG 5 |
(C) ©\ (TfO),Cu—PFg m

Pz - > —
N "R N R

(D) 73

PhI Ph—Cu(lll)
(B) R'—N 71

Scheme 2A.27: Proposed mechanism for quinoline synthesis using diaryliodonium salt through

copper triflate.

Later on, Xi group reported CuOTT catalyzed the synthesis of substituted quinolines (75, 77 and
78) using the multi-component reaction of diaryliodonium salts (70), internal alkynes (25), and
heterocumulenes (74 and 76) via [2+2+2] and [4+2] cycloaddition (Scheme 2A.28).[54

39



Chapter 2: Part-A

R3
2
RA
R*  CuOTf1/,CeHs CuOTt.1/5CeHe RS
N (5 mol %)
ArS” N (5 mol %) 0 R?
77 DCE, 120 °C, 8 h < @lng DCE, 120°C, 8 h » X )
+
R3 R'N=C=X 76 rt 2 70 R*—N=C=N-R* 74 NTSNR
R2 X=8S, NR* + R*='Pr, Cy R4
= " R2——R3 25 75
R'N S 11 examples R'= 4-Me, 4-Br, 4-OMe 13 examples
78 Yields: 20-86% R2= RS = Ph, 4-BrCgH4; R3 = Cy, TMS Yields: 47-83%

Scheme 2A.28: Cu(l)-catalyzed three-component synthesis of functionalized quinolines

The developed reaction proposed to proceed initially, aza-allene cation intermediate (1) is formed
by the reaction of carbodiimide (74) diphenyliodonium salt (70) and CuOTf catalyst. Then the
nucleophilic attack on reactive aza-allene cation (1) by internal alkyne (25) produced intermediate
(11). Subsequently, Friedel-Crafts type reaction and aromatization led to corresponding quinolines
(75). On the other hand, when isothiocyanates (76) were employed instead of carbodiimide (74),
then selectivity was observed which is achieved in Friedel-Crafts step wherein the path (a)
nucleophilic attack of the phenyl ring of isothiocyanate on a cationic intermediate (1) produced
2-surfydrylquinolines (77) via [4+2] annulation. Another path (b) involved attack of the phenyl ring
of diaryliodonium salt on a cationic intermediate (1) through [2+2+2] annulation in generating
thiacyclics (78).
R4

R /C’
(I)

N_ _S
—|F>F6 R =
CuOTf 70 RN
R2——R3 25 T R3 78
b
Phl +PF6
R2-Ph
R3 25

Ph—Cu—OTf @:
[j /\R4 PhCuu NCS ®/R2
R4
74

TR R*-N=C=N-R* (VI)
R*-N=C=N-R* a
(m R4 R*
) |
~ N._ S«
O N N e N 2N pe ot S Ph
= R3 _H® = R3 = R2
Ph () 75 Ph 77 R®

Scheme 2A.29: Mechanism of Cu(l)-catalyzed three-components synthesis of quinolines
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Anbarasan group applied a Cu(ll)-catalyzed oxidative cross-coupling approach for the synthesis
of substituted quinoline derivatives (81) in moderate to good yields (49-81%) from o-vinylanilines
(79) and N-tosylhydrazone (80) (Scheme 2A.30).5%

R2
R2 Cu(acac), (10 mol %)

’\llNHTS PPh; (20 mol %) ; X

K,COj (3 eq.) R _
R + R3 N 3
NH, diglyme, 140 °C, 5 h, air R

79 80 81

R'=H, 4-Me, 4-Ph, 4-OMe, 4-OH, 4-COOEt, 4-F, 4-Cl, 8-Me 31 examples

Yields: 49-81%
R2 = Ph, 4-MeCgHj, 4-OMeCqH,, 4-FCgHy, 3-FC4H,, 2-thienyl 1618 °
R3 = H, 4-Me, 4-OMe, 4-CN, 4-Cl, 3-OMe, 3-Br

Scheme 2A.30: Cu(ll)-catalyzed formation of quinolines from 2-vinylanilines

Liu et al. also established an economically viable CuBr-catalyzed cross-dehydrogenative coupling
(CDC) of N-arylglycine derivatives (37) with a variety of olefins (38) for the synthesis of
carboxylate functionalized quinolines (39) using K2S;0s as an oxidant under mild condition
(Scheme 2A.31).5¢1

R4
4 CuBr (10 mol %) 3
/ K»S,05 (1 €q.)
+ —/ 292%V8
N~ COOR? ; R’ |
H R MeCN, 40 °C, 16-24 h N~ “COOR?2
37 38 39
R! = 4-Me, 4-OMe, 4-Br, 4-Cl, 4-CF4 25 examples
R? = Me, Et, Ph, NHMe, allyl; R®= H, Ph Yields: 5-83%

R* = H, Ph, 4-MeCgH,, 4-OMeCgHj, 4-CICgHy, 4-NO,CgH,, Cy
Scheme 2A.31: Cu(l)-catalyzed synthesis of substituted quinolines from glycines and alkenes
2A.2.4 Miscellaneous transition metal-catalyzed synthesis of quinolines

The first efficient and convenient Zn(I1)-mediated synthesis of substituted quinolines (83) has been
achieved by Jiang group from o-trifluoroacetyl anilines (82) and terminal alkynes (60). (Scheme
2A.32).5571
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0 CF,
CF . . X
RhE:fj\ 5 ) _ ZnCl, (1.2 eq.) - RL@
NH, triethylamine (1.2 eq.) NT O R2
82 60 rt-50 °C, 8 h 83
R' = H, 4-CF3, 4-Cl, 3-OMe, 2-Me 10 examples
R2 - Ph, c-Pr Yields: 41-82%

Scheme 2A.32: Zn(l1)-mediated synthesis of functionalized quinolines from 2-aminocarbonyls
The preparation of polyfunctionalized quinolines (83) has been reported by Liu group from o-
aminocarbonyls (8) and keto-alkynes (84) with a combination of Au(PPh3)Cl and AgOTf-catalysts
(Scheme 2A.33).1581 This approach allowed the preparation of a large array of quinolines bearing

keto-functional group at C3 in moderate to excellent yields.

0 RZ O
R? 0 (PPh3)AUCI (10 mol %) X R4
1 3

R ‘@fj\ L = R’ P

NH, R4 AgOTf (10 mol %) NZ R3

8 84 DMF, 100 °C, 24 h 85

R'=H, 4-CICgHy4, 4-NO,CgH4 21 examples
R?=H, Me, Ph, 4-MeCgH,4 Yields: 38-93%

R3 = Ph, Me, 4-NO,CgH,4; R* = COOEt, Me
Scheme 2A.33: Au(l)/Ag(l)-catalyzed synthesis of substituted quinolines using 2-

aminocarbonyls and keto-alkynes

Our group also synthesized multi-substituted quinoline derivatives (86) via Yb(OTf)s catalyzed
three-component reaction between anilines (1), aldehydes (45) and terminal alkynes (60) using an
ionic liquid as reaction media under microwave irradiation (Scheme 2A.34).5°1 A variety of

quinoline derivatives were synthesized in good to excellent yield (86-96%).

NH2 X
. Yb(OTf)3 (10 mol %) R
R + R*-CHO , =—FR° N R2

[Bmim][BF,], 90 °C, 3 min, W

1 45 60 86
R'=H, 4-Me, 4-NO,, 4-OMe, 4-Cl, 4-Br 19 examples
R2 = Ph, 4-MeCgH,, 4-OMeCgHy, 4-CNCgH,, 4-NO,CgH, Yields: 86-96%

4-FCgHg, 3-CICgH,, 3,4,5-(OMe);CgHg, 2-thienyl
R3 = Ph, 4-MeCgHy, 4-NO,CgH,4

Scheme 2A.34: Yb(OTf)s-catalyzed one-pot synthesis of quinolines from aniline

42



Chapter 2: Part-A

Hu group applied the Fe(l11)-catalyzed cross-dehydrogenative coupling (CDC) strategy between
N-arylglycines (37) and terminal alkynes (59) for the synthesis of functionalized quinolines (87)
using DTBP as an oxidant in the presence of air or oxygen atmosphere (Scheme 2A.35).

R3

H FeCls (10 mol %)
X
SO © =R o secin JCO
N~ ~COOR? ’ ’ N~ ~COOR?

under air or O,

37 1 59 87
R'=H, 4-OMe, 4-Cl; R? = Me, Et, NHMe 16 examples
i . 0,
R%= Ph, 4-BuCgHy, 4-MeCgHy, 4-CICgH,, biphenyl Yields: 62-88%

Scheme 2A.35: Fe(l11)-catalyzed synthesis of quinoline derivatives via CDC of N-arylated

glycines

Li et al. developed a simple and efficient one-pot synthesis of quinoline (88) by using readily
available inexpensive o-nitrobenzaldehyde (16) which were reduced to o-aminobenzaldehyde (8)
with Fe in the presence of 5 mol % of ag. HCI and subsequently reacted with a-methylene

carbonyls (7) to give substituted quinolines (88) (Scheme 2A.36).1]

o]

Fe (4 eq.) RS 7 R

R1~@O aq HCI (5 mol %) RL@\/%O Rg)J\/ R1m 2
—
NO, EtOH, reflux NH, KOH (1.2 eq.) N~ "R?
16 8 88
R'=H, 5-NMe,, 5-COOMe 15 examples
R? = Ph, Me, pyridyl, COOMe; R® = Me, OMe, Ph Yields: 44-99%

Scheme 2A.36: Fe-catalyzed construction of quinolines from o-nitrobenzaldehydes

Very recently, a synthetically reliable one-pot tandem route for Friedlander annulation has been
developed by Sanz group by the reaction of o-nitrobenzaldehydes (16) and glycols (89) in the
presence of Mo-catalyst under microwave radiation (Scheme 2A.37).1821 Moreover, authors also
observed that the addition of Sc(OTf)s (5 mol %) as co-catalyst improved the productivity of

reaction with o-nitroacetophenones
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R2 R2
NO, R? R4 Sc(OTf); (5 mol %) NT O R3
16 89 DMA, 180 °C, 1h 90
R'=H, 4-Cl, 3-Cl, 5-CF3, 4-COOMe; R?=H, Me, CF,4 LW 31 examples

R®= Ph, Me, thienyl, 4-OMeCgH; R* = H, Me Yields: 44-89%

Scheme 2A.37: Mo-catalyzed Friedlander quinoline synthesis using o-nitrocarbonyls and glycols

In this strategy, [M0oO2]** reduced o-nitrobenzaldehydes (16) to o-aminobenzaldehydes (8) with
the help of glycols (89). Glycols (89) were converted to carbonyl compounds (7). Finally,
Friedlander annulation led to polysubstituted quinolines (90) (Scheme 2A.38).

R2 R2

RZ
Friedlander
4
R1@O MoO,Cl,(dmf), @ o} annulation xR
_ = 1
N02 R = 3
16 0 R

R1
HO OH H,0 3JVR4 90
4
Rj_@ R3JJVR

R4 89 R4 7
Scheme 2A.38: Mechanism of Mo-catalyzed synthesis of substituted quinolines

Sarkar group reported a simple and sustainable synthesis of polysubstituted quinolines (92)
through Ni-catalyst (93) from ortho-aminobenzylalcohols (13) and carbonyl compounds (91) or
secondary alcohols (15) (Scheme 2A.39).621 A variety of quinoline compounds were synthesized
via sequential dehydrogenation and condensation process for C-C and C-N bond formation,

respectively.

R2 Ar R2 é Me AN Me
O)\ 91 W
OH [Ni]-Cat. (2 mol %) X | N, N
1 or | .
R * . R! : Ni
NH; HO‘( 15 BuONa (1 eq.) N SAr N N

13 Ar PhMe, 120 °C, 16 h 92 ! /v\
1 , 41 examples Me Me
R'=H 4-1,2-Me, 2-Cl, 3-F; R“=H, Ph, Me, Et, n-Bu Yields: 43-93% E [Nil-Cat. (93)
Ar = Ph, 4-OMeCgHy, 4-CICgHy4, 2-thienyl, 2-naphthyl, 3-pyridyl

Scheme 2A.39: Ni-catalyzed synthesis of quinolines by dehydrogenative coupling

Mostly quinoline synthesis developed under transition metal catalysis rely on o-aminosubstituted

carbonyl compounds or anilines. Thus, in this chapter, we described a simple and efficient
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multicomponent reaction of o-bromobenzaldehydes (94), active methylene nitriles (95), and
sodium azide as nitrogen surrogate under copper catalysis to access 2-amino-3-cabonylquinolines
(96) (Scheme 2A.40).

O
P NF NH, — Br RZJK/CN o Nl
96 94 95

Scheme 2A.40: Retrosynthesis for 2,3-disubstituted quinolines via multicomponent reaction

2A.3 RESULTS AND DISCUSSION

Our initial study began with the reaction of 2-bromobenzaldehyde (94a), ethyl cyanoacetate (95a),
and NaN3 using 10 mol % Cul as a catalyst, 20 mol % L-proline as ligand and 2.5 eq. of K2COs
as a base in N, N-dimethylformamide (DMF) at 150 °C for 3.0 h under air atmosphere.
Gratifyingly, expected ethyl 2-aminoquinoline-3-carboxylate (96aa) was isolated in 35% yield
(Table 2A.1, entry 1). The structure of 96aa was characterized by using various spectroscopic
techniques such as IR, NMR, and MS. In *H NMR spectrum, characteristic deshielded singlet
appeared at 0 8.77 ppm for C4-H and one broad singlet at 6 7.26 ppm for NH2 group, quartet at &
4.36 ppm for CH2 and triplet at 6 1.37 ppm for CHs of ester group along with other expected
protons at their respective positions were observed (Figure 2A.3). The carbonyl carbon of ester
appeared at J 166.48 ppm along with all other expected peaks in the **C NMR spectrum (Figure
2A.4). In the IR spectrum of 96aa, a strong peak appeared at 1697 and 3418 cm~* which confirmed
the presence of C=0 and NH: functionality in the molecule respectively (Figure 2A.5). Also, the
peak at m/z 217.0956 for the [M+H]" ion in HRMS further confirms the structure of 96aa (Figure
2A.6).
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Figure 2A.3: *H NMR spectrum of 96aa
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Figure 2A.6: HRMS spectrum of 96aa
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To further improve the yield of tandem product 96aa, various experimental conditions were
screened by evaluating copper catalysts, ligands, bases and solvents (Table 2A.1). First, various
copper salts were tested such as Cul, CuClz, CuBr, Cu(OAc)2.H20, CuOTf.DCM and CuSQO4-5H.0
revealed that Cul was the efficient catalyst for this transformation giving the highest yield (Table
2A.1, entries 1-6). We further investigated the mole % of Cul suggested that 20 mole % Cul salt
is suitable for the reaction which afforded product 96aa in 55% vyield (Table 2A.1, entry 7).
Among various bases (K2COs, KsPQOs, 'BUuOK, Cs,COs, Na,COs;, NaOMe, EtsN, and DBU)
examined (Table 2A.1, entries 7, 9-15), K.CO3 was found to be the most suitable base. In the case
of trimethylamine (EtsN), the reaction exclusively led to Knoevenagel product (97aa) (Table
2A.1, entry 14).

Reactions in different solvents namely DMSO, N, N-dimethylacetamide (DMA), toluene, N-
methyl-2-pyrrolidone (NMP), 1,4-dioxane and PEG-400 (Table 2A.1, entries 16-21) revealed
DMSO as a solvent of choice for this reaction. When the reaction was performed in toluene at 120
°C only Knoevenagel intermediate (97aa) was obtained in 45% yield (Table 2A.1, entry 20).
Finally, by a screening of different ligands (Table 2A.1, entries 16 and 22-25), L-proline was
found to be the most effective ligand. The reaction was ceased at the Knoevenagel adduct (97aa)
in the absence of a catalyst (Table 2A.1, entry 26) and yield of desired product 96aa was
diminished in the absence of L-proline (Table 2A.1, entry 27).
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Table 2A.1: Optimization of reaction condition for the synthesis of ethyl 2-aminoquinoline-3-
carboxylate.?

0 0
NaN
©:CHO+ j\/CN catalyst, Isigand . @EY‘\OE’[ . @EHVJ\OH
Br EtO base, solvent Z
94a 95a 150°C, 3 h 96:a N2 973?
Entry Catalyst Ligand Base Solvent Yield®
(mol %) (mol %) (2.5eq.) (%)

1 Cul (10) L-proline(20) K2CO3 DMF 35
2 CuCl»(10) L-proline(20) K2COs DMF 9

3 CuBr(10) L-proline(20) K2CO3 DMF 20
4 Cu(OAC)2:'H20(10)  L-proline(20) K2CO3 DMF 13
5 CuOTf.DCM (10)  L-proline(20) K2CO3 DMF 31
6 CuSO4-5H,0(10)  L-proline(20) K2COs DMF 26
7 Cul(20) L-proline(40) K2CO3 DMF 55
8 Cul(30) L-proline(60) K2CO3 DMF 50
9 Cul(20) L-proline(40) K3PO4 DMF 38
10 Cul(20) L-proline(40) 'BUOK DMF 30
11 Cul(20) L-proline(40) CsCOs DMF 10
12 Cul(20) L-proline(40) Na>COs3 DMF 8
13 Cul(20) L-proline(40) NaOMe DMF 11
14 Cul(20) L-proline(40) EtsN DMF -
15 Cul(20) L-proline(40) DBU DMF 6
16 Cul(20) L-proline(40) K2COs DMSO 62
17 Cul(20) L-proline(40) K2CO3 NMP 28
18 Cul(20) L-proline(40) K2CO3 DMA 37
19 Cul(20) L-proline(40) K.COs Dioxane“ 10
20 Cul(20) L-proline(40) K2COs Toluene® -¢
21 Cul(20) L-proline(40) K2CO3 PEG-400 trace
22 Cul(20) Glycine(40) K2CO3 DMSO 38
23 Cul(20) DMEDA(40) K2CO3 DMSO 42
24 Cul(20) 1,10-Phen(40)¢ K2CO3 DMSO 12
25 Cul(20) 8-HQ(40)" K2CO3 DMSO 9
26 - L-proline(40) K2CO3 DMSO trace®
27 Cul(20) - K2CO3 DMSO 20

@Reactions conditions: 94a (0.54 mmol), 95a (0.65 mmol), NaN3z (0.810 mmol), catalyst (20 mol
%), ligand (40 mol %) and K>.COs (2.5 eq.) were heated in DMSO (2 mL) at 150 °C for 3 h under
air atmosphere. Plsolated yields. ‘Only knoevenagel adduct (97aa) was observed after 16 h. YAt
110 °C. ®At 120 °C. 'DMEDA= N, N-dimethylethylenediamine. 91,10-Phen= 1,10-phenanthroline.
h8-HQ= 8-hydroxyquinolone
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With the standard reaction condition in hand (Table 2A.1, entry 16), we explored the substrate
generality for this tandem reaction by employing the differently substituted 2-
bromobenzaldehydes and active methylene nitriles (Table 2A.2). Reactions of substituted 2-
bromobenzaldehydes 94a-c with different active methylene nitriles 95a-e gave corresponding 2-
aminoquinolines (96aa—ae) in moderate to good yields (31-66%). The method tolerated different
functional groups such as cyano, methoxy, ester, and amide. It is worth to mentioned that the
reaction of 2-bromo-5-chlorobenzaldehyde with ethyl cyanoacetate produced corresponding
product only in trace amount.

Table 2A.2: Substrate scope for the synthesis of 2-aminoquinoline derivatives.®

Cul (20 mol %)
CHO N L-proline(40 mol %) X OEt
R + X CN NaNj K,COj (2.5 eq), DMSO Ry P
Br 150 °C, 3 h, air N~ NH,
94a-c 95a-e 96aa-ae
0 0 0
X “OEt X OEt MeO X OEt
~ —
N NH MeO N NH» MeO N NH,
96aa, 62% 96ba, 66% 96¢ca, 53%
0 O 0
MeO
7 i~ 7
N NH» MeO N NH» MeO N NH,
96ab, 52% 96bb, 55% 96¢b, 37%
0 O
COLD OO oo
— = (0] pZ
N~ “NH, N NHZK/ N~ “NH,
96ac, 40% 96ad, 35% 96ae, 31%

@Reactions conditions: 94 (0.54 mmol), 95 (0.65 mmol), NaN3z (0.810 mmol), catalyst (20 mol
%), ligand (40 mol %) and K>COs (1.35 mmol) were heated in DMSO (2 mL) at 150 °C for 3 h

under air atmosphere. °Isolated yields.

Notably, when benzoylacetonitrile (R = ArCO, 95f-m) was used as an active methylene nitrile,

instead of expected 2-aminoquinoline, 2-phenylquinoline-3-carbonitrile (98af) was obtained in
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59% yield. Formation of 98af prompted us to evaluate the chemoselectivity of this reaction for
benzoylacetonitriles. As can be seen from Table 2A.3, benzoylacetonitriles containing methyl,
methoxy, dioxole, and chloro substituent reacted efficiently with 2-bromobenzaldehydes (94a) to
give corresponding quinoline-3-carbonitriles (98af-am) in moderate to good yields (30-63%).
Similarly, 2-bromobenzaldehydes bearing methoxy and chloro groups were treated with
differently substituted benzoylacetonitriles to give corresponding 2-arylquinoline-3-carbonitriles
(98bf-cm) in moderate to good yields (30-60%).

Table 2A.3: Substrate scope for the synthesis of 2-Arylquinoline-3-carbonitrile.2?

CHO 0 Cul (20 mol %)
R1©: CN L-proline(40 mol %)
N . +  NaNs K,COs (2.5 eq), DMSO
94a-e 2 95f-m 150°C, 3 h
under air
! o CN O ~CN O ~CN O
Pz Pz N
O s O
OMe
Me OMe
98af, 59% 98ag, 38% 98ah, 42% 98ai, 47% OMe
~CN ~CN ~CN - CN
e ne L Cl> TV O
Me MeO @) Cl
98aj, 30% 98ak, 44% 98al, 40% 98am, 63%
Cr O b O b O b
—
hagch
98bf, 60% 98cf, 38% 98df, 58% 98ef, 16%
O N X X
—
T A A
Me OMe cl
98cg, 30% 98ch, 35% 98cm, 43%

aReactions conditions: 94 (0.54 mmol), 95 (0.65 mmol), NaN3z (0.810 mmol), catalyst (20 mol
%), ligand (40 mol %) and K>COs (1.35 mmol) were heated in DMSO (2 mL) at 150 °C for 3 h

under air. °lsolated yields.
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Next, the synthetic application of this developed methodology was demonstrated by the one-pot
synthesis of pyrimido[4,5-b]quinolin-4(3H)-one derivatives (99a-c). In all the cases, reactions
underwent smooth conversion to afford the corresponding pyrimido[4,5-b]quinolin-4(3H)-ones
99a-c in moderate (52-43%) yields (Scheme 2A.41).

(0] (0]
CHO CONH
2 RCHO (45
+ < Standard condition YT ONH, (%) YT ONH
— ~ ~—
Br CN N NH, 2h N N R
94a 95b L 96ab | 99a-c
0 (0] (0]
~ ~ ~ —
99a, 52% 99b, 54% Me 99c, 43% Cl

Scheme 2A.41: One-pot synthesis of pyrimido[4,5-b]quinolin-4(3H)-ones

Series of control experiments were performed to evaluate the possible reaction pathway for the
tandem sequences to produce 96aa and 98aa (Scheme 2A.42). Initially, 2-bromobenzaldehyde
(94a) was reacted with ethyl cyanoacetate using KoCOz (1.5 eg.) in DMSO at room temperature
for 30 min, only Knoevenagel adduct (97aa) was obtained in 78% yield (Scheme 2A.42A). When
Knoevenagel adduct (97aa), NaNs, Cul, L-proline, and K2CO3 were heated at 150 °C for 2 h, only
the desired product 96aa was isolated in 70% vyield (Scheme 2A.42B). Exclusive formation of
96aa can be due to the relative reactivity of cyano-group over ester in 97aa. Again, Knoevenagel
adduct 97aa was heated at 80 °C with NaN3s, Cul, L-proline and K.COz under inert atmosphere,
obtained ethyl 3-(2-azidophenyl)-2-cyanoacrylate (10laa) in 18% vyield and ethyl 3-(2-
aminophenyl)-2-cyanoacrylate (102aa) in 13% yield along with trace amount of desired product
(Scheme 2A.42C). The reaction of o-bromobenzaldehyde (94a) with NaNs, Cul, L-proline, and
K2CO3 at 120 °C gave 2-aminobenzaldehyde (103a) in 64% yield (Scheme 2A.42D). However,
treatment of 94a with ethyl cyanoacetate (95a) in the presence of NaN3, Cul, L-proline, and K.CO3
at room temperature exclusively resulted in intermediate 97aa. When the same reaction mixture
was heated at 100 °C, ethyl 3-(2-aminophenyl)-2-cyanoacrylate (102aa) was obtained in 50% yield
along with the desired product 96aa in 8% yield (Scheme 2A.42E). From these control
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experiments, we concluded that ethyl 3-(2-bromophenyl)-2-cyanoacrylate (97aa) and ethyl 3-(2-
azidophenyl)-2-cyanoacrylate (101aa) ethyl 3-(2-aminophenyl)-2-cyanoacrylate (102aa) are the
key intermediates for the formation of 2-aminoquinoline (96aa).

0}
CHO O K,CO; (1.5eq.) MCB
+ M _en A)
EtO DMSO, rt, 30 min, air CN
Br Br
94a 95a 97aa, 78%
o NaN; (1.5 eq.)
MOEt Cul (20 mol %), L-Proline (40 mol %) ©\/I (B)
5 CN K>CO3 (1.5 eq.), DMSO, 150°C, 2 h, air
r
97aa 96a, 70% 100aa, not observed
OEt OEt
o (0]
NaN; (1.5 eq.) o CN- g CN
AN OEt Cul (20 mol %), L-Proline (40 mol %) | | X OEt (©)
BrCN K,CO3 (1.5 eq.), DMSO, 80°C, 5 h, N, ©\ + + N/ NH,
NH
97 2
aa 101aa,18%  102aa, 13% 96aa, trace
CHO NaN3 (1.5 eq.) CHO
©: Cul (20 mol %), L-Proline (40 mol %) ©: 5
Br K,COj3 (1.5 eq.), DMSO, 150°C, 2 h, air NH, ®)
94a o) 103a, 64%

EtO)K/ CN

NaNj3 (1.5 eq.) OEt
Cul (20 mol %), L-Proline (40 mol %) \ OEt 100 °C (E)
K,COs (2.5 eq.), DMSO, tt, 2 h, air C NH2CN

Br
97aa 102aa, 50% 98aa, 8%

Scheme 2A.42: Control experiments for the formation of 2-aminoquinoline derivatives
Similarly, the reaction of 94a with 95f in the absence of copper catalyst gave 2-benzoyl-3-(2-
bromophenyl)acrylonitrile (104aa) which on reaction with NaNs, Cul, L-proline, and K>CO3 at
150 °C after 2 h resulted in the exclusive formation of 98aa (Scheme 2A.43A &B). This may be
attributed to the relative electrophilicity of the carbonyl group over the nitrile group. Structure of
104aa was further confirmed by single X-ray analysis (Figure 2A.7, CCDC 1433055) and

suggested that intermediate 104aa exist as E-isomer.
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Figure 2A.7: ORTAP diagram of 104aa (CCDC 1433055)

CN

CHO —
0 K,COj3 (1.5eq.), DMSO

O ot .

Br Ph rt, 30 min, air BrC
94a 95f 104aa, 70 %
O
— Cul (20 mol %), L-Proline (40 mol %) m Mph -
Ph = or
5O K,COj (2.5 eq.), DMSO, 150 °C, 2 h N~ “Ph NT NH,
98aa, 73% 105aa, Not formed

104aa

Scheme 2A.43: Control experiments for the synthesis of 2-phenyl-3-cynaoquinolines

Based on control experiments and literature reports,[®*%8 a possible mechanism for the copper-
catalyzed multicomponent reaction has been described (Scheme 2A.44). Initially, the reaction of
2-brombenzaldehye (94) and ethyl cyanoacetate (95) produced Knoevenagel adduct (97). The
azidation of 101 using sodium azide in the presence of a copper catalyst followed by reductive
amination of 101 produced 2-(2-aminobenzylidene)malononitrile (102). This is in accordance with
earlier reports wherein sodium azide has been used as ammonia surrogate to prepare primary
amines and nitrogen-containing heterocycles in a copper-catalyzed reductive amination of aryl
halides.[57% Subsequently, intramolecular cyclization of 102 led to the formation of ethyl 2-
aminoquinoline-3-carboxylate (96) via nucleophilic attack of amine onto nitrile followed by

tautomerization.
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CHO R\/ R cu'lL, H,0 =
U2 O g, GO G
Br chos

94a DMSO NaNs NaBr 102
o Cu catalyzed S\Ar l Cyclization

~ R
K,CO3
N"SNH

H

CN

— Cu'/L, NaN;
Ar attack at carbonyl ap
B 0]
r R
104 HZO
=
N 'NH,
96

Scheme 2A.44: Proposed mechanism for the synthesis of functionalized quinolines

lTautomerization

In the case of aroylacetonitrile (95), intermediate 104 formed after Knoevenagel condensation
underwent reductive amination followed by intramolecular condensation to afford 2-

arylquinoline-3-carbonitrile (98).

2A.4 CONCLUSIONS

In summary, we have successfully developed an efficient and straightforward copper-catalyzed
chemoselective synthesis of 2-aminoquinolines (96) and 2-arylquinoline-3-carbonitriles (98) from
readily available 2-bromobenzaldehydes (94), active methylene nitriles (95) and sodium azide.
The developed three-component, one-pot tandem protocol displays broad substrate scope with
good functional group tolerance and gives quinolone derivatives in moderate to good yields. The
developed methodology can further be utilized for the one-pot synthesis of pyrimido[4,5-
b]quinolin-4(3H)-ones (99) in good yield.

2A.5 EXPERIMENTAL SECTION

General information: Melting points were determined in open capillary tubes on an automated
melting point apparatus and are uncorrected. Reactions were monitored by using thin layer
chromatography (TLC) on 0.2 mm silica gel F2s4 plates. The chemical structures of final products

were determined by their NMR spectra (*H and *C NMR). Chemical shifts are reported in parts
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per million (ppm) using deuterated solvent peak or tetramethylsilane as an internal standard. The
HRMS data were recorded on a mass spectrometer with electrospray ionization and TOF mass
analyzer. Some of the benzoyl acetonitriles and 2-cyano acetamides were synthesized according
to the published procedure.[’*72 All other chemicals were obtained from the commercial suppliers
and used without further purification.

Representative procedure for synthesis of 2-aminoquinolines (96): A mixture of 2-
bromobenzaldehyde (94a) (100 mg, 0.54 mmol), ethyl cyanoacetate (95a) (73 mg, 0.65 mmol),
sodium azide (52 mg, 0.81 mmol), Cul (20 mol %), L-proline (40 mol %) and K>CO3 (186 mg, 2.5
eq.) in DMSO (2 mL) was mixed under air atmosphere at room temperature and then heated to
150 °C for 3 h. After cooling to ambient temperature, the reaction mass was quenched with ice-
cold aqueous solution of NH4CI (30 mL), filtered through a bed of celite and the plug washed with
ethyl acetate (20 mL). The resulting filtrate was extracted with ethyl acetate (2 x 20 mL) and the
combined organic layers dried over anhydrous Na2SO4 and concentrated under reduced pressure.
Desired product 96aa (72 mg, 62%) was isolated by column chromatography on silica gel (100-

200 mesh) using ethyl acetate/hexane (30%, v/v) as eluant.
Ethyl 2-aminoquinoline-3-carboxylate (96aa)
9 Yellow solid (72 mg, 62%); mp 134-136 °C; *H NMR (400 MHz, DMSO-ds)
@(jLOEt 5 8.77 (s, 1H), 7.86 (dd, J = 8.1, 1.3 Hz, 1H), 7.63 (ddd, J = 8.4, 6.8, 1.5 Hz,
N, 1H), 7.49 (d, J = 8.2 Hz, 1H), 7.26 (bs, 2H), 7.25 — 7.21 (m, 1H), 4.36 (q, J =
7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, DMSO-ds) & 166.5, 156.7, 150.0, 142.8,

133.0, 129.9, 125.1, 122.7, 122.0, 110.5, 61.6, 14.6; IR (KBr): 3418, 1697, 1628, 1288, 1080 cm"
1 HRMS for C12H13N20, [M+H]* calcd 217.0972, found 217.0956.

Ethyl 2-amino-7-methoxyquinoline-3-carboxylate (96ba)
0 Yellow solid (87 mg, 66%); mp 138-140 °C; 'H NMR (400 MHz,

m%a DMSO-ds) & 8.65 (s, 1H), 7.74 (d, J = 9.5 Hz, 1H), 7.23 (bs, 2H), 6.86
MeO N“>NH,  (d,J=6.2 Hz, 2H), 4.33 (q, J = 7.0 Hz, 2H), 3.86 (s, 3H), 1.35 (t, J =
7.0 Hz, 3H); 3C NMR (100 MHz, DMSO-dg) & 166.8, 163.5, 157.4, 152.5, 142.1, 131.2, 117.1,

115.1, 107.1, 104.5, 61.3, 55.8, 14.6; IR (KBr): 3433, 1697, 1620, 1257, 1080 cm™*; HRMS for
C13H15N203 [M+H]" calcd 247.1077, found 247.1087.
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Ethyl 2-amino-6,7-dimethoxyquinoline-3-carboxylate (96ca)

o) Brown solid (79 mg, 53%); mp 190-193 °C; 'H NMR (400 MHz,
MeO N “OEt  DMSO-dg) & 8.60 (s, 1H), 7.28 (s, 1H), 6.99 (bs, 2H), 6.89 (s, 1H), 4.33
MeO N“NH, (g, J = 7.1 Hz, 2H), 3.88 (s, 3H), 3.82 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H);

13C NMR (100 MHz, DMSO-ds) § 166.9, 156.3, 155.3, 148.0, 146.9, 140.4, 116.7, 107.8, 106.8,
105.0, 61.2, 56.1, 56.0, 14.6; IR (KBr): 3410, 1697, 1628, 1227, 1080 cm™*; HRMS for C14H17N204
[M+H]" calcd 277.1183, found 277.1189.

2-Aminoquinoline-3-carboxamide (96ab)
0 Light orange solid (53 mg, 52%); mp 195-196 °C; *H NMR (400 MHz,
Y~ "NH, DMSO-de) & 8.48 (s, 1H), 8.24 (bs, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.61 (bs,
N NH,  1H), 7.57 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.29 — 7.17
(m, 3H); *C NMR (100 MHz, DMSO-ds) 6 170.4, 157.1, 149.2, 138.6, 131.6, 129.1, 125.3, 122.3,
122.2,114.6; IR (KBr): 3410, 3194, 1636, 1389, 1227 cm™*; HRMS for C10H10N30 [M+H]* calcd
188.0818, found 188.0824.

2-Amino-7-methoxyquinoline-3-carboxamide (96bb)

o) Orange solid (64 mg, 55%); mp 221-224 °C; 'H NMR (400 MHz,
Ny "NH, DMSO-ds) & 8.42 (s, 1H), 8.14 (bs, 1H), 7.56 (d, J = 8.6 Hz, 1H), 7.50
MeO N"NH,  (bs, 1H), 7.27 (bs, 2H), 6.91 — 6.81 (m, 2H), 3.85 (s, 3H); 13C NMR

(100 MHz, DMSO-dg) 6 170.2, 162.4, 157.6, 151.3,138.3, 130.3, 117.0, 114.4, 111.6, 104.7, 55.7;
IR (KBr): 3378, 3209, 1620, 1381, 1227 cm™; HRMS for C11H12N302 [M+H]* calcd 218.0924,
found 218.0930.

2-Amino-6,7-dimethoxyquinoline-3-carboxamide (96cb)

O Yellow solid (73 mg, 55%); mp 232-234 °C; 'H NMR (400 MHz,
MGOMNHZ DMSO-ds) & 8.33 (s, 1H), 8.07 (bs, 1H), 7.43 (bs, 1H), 7.02 (s, 1H),
MeO N NH, 6.98 (bs, 2H), 6.89 (s, 1H), 3.87 (s, 3H), 3.82 (s, 3H); *C NMR (100
MHz, DMSO-ds) 6 170.4, 156.3, 154.1, 146.6, 146.3, 137.0, 116.4, 111.5, 107.2, 105.3, 56.0; IR
(KBr): 3380, 3210, 1623, 1381, 1225 cm™*; HRMS for C12H14N303 [M+H]* calcd 248.1030, found
248.1037.
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(2-Aminoquinolin-3-yl)(pyrrolidin-1-yl)methanone (96ac)
0 Brown oil (52 mg, 40%); 'H NMR (400 MHz, DMSO-ds) & 8.07 (s, 1H),
(:(Y‘\NQ 7.71(d, J = 7.7 Hz, 1H), 7.57 — 7.46 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.49
N” >NH, (s, 2H), 3.52 (t, J = 6.7 Hz, 2H), 3.38 (t, J = 6.3 Hz, 2H), 1.92 — 1.80 (m,
4H); C NMR (100 MHz, DMSO-ds) & 166.6, 155.1, 148.1, 136.2, 130.7, 128.6, 125.4, 122.3,

120.1, 48.7, 46.2, 26.2, 24.4; IR (KBr): 3410, 1651, 1457, 1380 cm™; HRMS for C14H16N30
[M+H]" calcd 242.1288, found 242.1292.

(2-Aminoquinolin-3-yl)(morpholino)methanone (96ad)
0o Yellow semisolid (49 mg, 35%); *H NMR (400 MHz, DMSO-ds) & 7.94 (s,
N N/\ 1H), 7.72 (d, J = 7.4 Hz, 1H), 7.57 — 7.49 (m, 2H), 7.22 (t, J = 7.9 Hz, 1H),
N”NH, © 6.38 (bs, 2H), 3.62 (bs, 2H), 3.26 (bs, 2H), 1.60 (bs, 4H); 13C NMR (100
MHz, DMSO-de) 6 167.8, 155.0, 147.6, 136.0, 130.9, 127.9, 125.8, 123.2, 122.6, 118.0, 65.9, 24.5;
IR (KBr): 3410, 1653, 1458, 1381 cm™; HRMS for CioHgNs [M+H]" calcd 258.1237, found
258.1243.

2-Aminoquinoline-3-carbonitrile (96ae)

~CN  Yellow semisolid (28 mg, 31%); 'H NMR (400 MHz, DMSO-ds) & 8.69 (s, 1H),
©\/Nj:NH2 7.75(dd, J=8.1, 1.2 Hz, 1H), 7.66 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.51 (d, J =
8.6 Hz, 1H), 7.28 (ddd, J = 8.0, 6.9, 1.1 Hz, 1H), 6.98 (bs, 2H); 1*C NMR (100 MHz, DMSO-ds)
0 156.2, 149.6, 145.8, 133.3,129.0, 125.9, 123.2, 121.4, 117.0, 95.0; IR (KBr): 3444, 2253, 1659,
1480, 1373 cm™; HRMS for C1oHsN3 [M+H]* caled 170.0713, found 170.0719.

Representative procedure for the synthesis of 2-phenylquinoline-3-carbonitriles (98af)

A mixture of 2-bromobenzaldehyde (94a) (100 mg, 0.54 mmol), benzoylacetonitriles (95f) (94
mg, 0.65 mmol), sodium azide (52 mg, 0.81 mmol), Cul (20 mol %), L-proline (40 mol %) and
K2CO3 (186 mg, 2.5 eq.) in DMSO (2 mL) was mixed under air atmosphere at room temperature
and then heated to 150 °C for 3 h. After cooling to ambient temperature, the reaction mass was
quenched with ice-cold aqueous solution of NH4ClI (30 mL), filtered through a bed of celite and
the plug washed with ethyl acetate (20 mL). The resulting filtrate was extracted with ethyl acetate
(2 x 20 mL) and the combined organic layers dried over anhydrous Na,SO4 and concentrated under
reduced pressure. Desired product 98af (73 mg, 59%) was isolated by column chromatography on

silica gel (100-200 mesh) using ethyl acetate/hexane (10%, v/v) as eluant.
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2-Phenylquinoline-3-carbonitrile (98af)

~CN  Off white solid (73 mg, 59%); mp 193 195 °C; 'H NMR (400 MHz, CDCls) §
mph 8.70 (s, 1H), 8.23 (d, J = 8.4 Hz, 1H), 8.02 (dd, J = 7.8, 1.7 Hz, 2H), 7.97 — 7.89
(m, 2H), 7.75 — 7.66 (m, 1H), 7.64 — 7.52 (m, 3H); *C NMR (100 MHz, CDCls3) § 158.1, 148.7,
144.3,137.7,133.1, 130.1, 129.9, 129.2, 128.8, 128.1, 127.8, 125.0, 117.9, 105.5; IR (KBr): 3055,
2222, 1620, 1450, 1373 cm™*; HRMS for C16H1:N2 [M+H]" calcd 231.0917, found 231.0920.

2-p-Tolylquinoline-3-carbonitrile (98ag)

~CN Pale yellow solid (54 mg, 41%); mp 174-177 °C; *H NMR (400 MHz,

O N CDCls) 6 8.67 (s, 1H), 8.21 (d, J = 9.1 Hz, 1H), 8.01 — 7.84 (m, 4H), 7.67

O ve (td,J=7.4,1.0Hz 1H),7.40(d,J=7.9 Hz, 2H), 2.48 (s, 3H); 13C NMR

(100 MHz, CDCls) 6 158.0, 148.7, 144.2, 140.6, 134.9, 132.9, 129.9, 129.5, 129.1, 127.9, 127.7,

124.9, 118.1, 105.5, 21.4; IR (KBr): 2916, 2222, 1612, 1481, 1188 cm™; HRMS for Ci7H13N;
[M+H]" calcd 245.1073, found 245.1070.

2-(4-Methoxyphenyl)quinoline-3-carbonitrile (98ah)
~CN Off white solid (63 mg, 45%); mp 178-180 °C; *H NMR (400 MHz,
O NT O CDCls) 5 8.65 (s, 1H), 8.19 (d, J = 9.0 Hz, 1H), 8.07 — 7.99 (m, 2H),
oMe [-95—7.87(m, 2H), 7.69 - 7.61 (m, 1H), 7.14 —7.06 (m, 2H), 3.92 (s,
3H); 3C NMR (100 MHz, CDCl3) § 161.5, 157.5, 148.7, 144.3, 132.9, 130.7, 130.2, 129.8, 127.8,
127.7,124.8, 118.3, 114.2, 105.3, 55.5; IR (KBr): 2914, 2221, 1612, 1481, 1173 cm™*; HRMS for
C17H13N20 [M+H]" calcd 261.1022, found 261.1028.

2-(3,4-Dimethoxyphenyl)quinoline-3-carbonitrile (98ai)
~CN Off white solid (78 mg, 50%); mp 170-172 °C; *H NMR (400 MHz,
O N7 O CDCl3) 6 8.67 (s, 1H), 8.21 (d, J = 9.0 Hz, 1H), 7.92 (s, 1H), 7.89 (dd, J
oMe =75, 1.2Hz, 1H), 7.67 (ddd, J = 9.2,8.2, 1.6 Hz, 2H), 7.62 (d, J = 2.1
OMe Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 4.04 (s, 3H), 4.00 (s, 3H); *C NMR
(100 MHz, CDCls3) 6 157.4, 150.8, 149.1, 148.7, 144.4, 133.0, 130.2, 129.8, 127.8, 127.7, 124.8,
122.4,118.3,112.1,111.0, 105.3, 56.1, 56.0; IR (KBr): 2916, 2222, 1615, 1483, 1180 cm™*; HRMS
for C1gH1sN202 [M+H]" calcd 291.1128, found 291.1124.
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2-0-Tolylquinoline-3-carbonitrile (98aj)

~CN Yellow solid (42 mg, 32%); mp 163-164 °C; *H NMR (400 MHz, CDCls) &
N 8.56 (s, 1H), 8.11 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.82 — 7.78 (m,
Me O 1H), 7.60 (ddd, J = 8.1, 7.0, 1.1 Hz, 1H), 7.33 (ddd, J = 9.6, 6.4, 2.7 Hz, 2H),
7.27 (d, J = 7.0 Hz, 2H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3) & 159.9, 148.3, 142.5, 137.6,
136.1, 132.9, 130.8, 129.8, 129.6, 129.2, 128.2, 127.9, 126.0, 125.1, 117.1, 107.5, 19.7; IR (KBr):
3015, 2222, 1616, 1473, 1170 cm™t; HRMS for C17H13N2 [M+H]* calcd 245.1073, found 245.1076.

2-(2-Methoxyphenyl)quinoline-3-carbonitrile (98ak)
~CN Pale yellow solid (63 mg, 45%); mp 150 —153 °C; *H NMR (400 MHz, CDCls)
Z 5 8.61 (s, 1H), 8.23 (d, J =9.3 Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.89 (ddd, J
MeO O =85, 7.0, 1.5 Hz, 1H), 7.69 (ddd, J = 8.1, 7.0, 1.1 Hz, 1H), 7.59 — 7.49 (m,
2H), 7.17 (td, J = 7.5, 0.9 Hz, 1H), 7.09 (d, J = 8.3 Hz, 1H), 3.91 (s, 3H); 3C NMR (100 MHz,
CDCI3) 6 157.3,157.0, 148.7, 142.3, 132.5, 131.5, 131.0, 130.0, 128.0, 127.3, 125.1, 121.2, 117.7,
111.3, 108.8, 55.4; IR (KBr): 3015, 2222, 1616, 1473, 1170 cm™*; HRMS for C17H13N20 [M+H]*
calcd 261.1022, found 261.1032.
2-(Benzo[d][1,3]dioxol-5-yl)quinoline-3-carbonitrile (98al)
~CN Light brown solid (62 mg, 42%); mp 187-189 °C; 'H NMR (400 MHz,
NG O o CDCl3) 8 8.64 (s, 1H), 8.16 (d, J = 8.9 Hz, 1H), 7.88 (t, J = 7.4 Hz, 2H),
g 7.64(t,J=7.2Hz, 1H),7.55 (dd, J =8.1, 1.7 Hz, 1H), 7.50 (d, J = 1.6 Hz,
1H), 6.99 (d, J = 8.1 Hz, 1H), 6.07 (s, 2H); 3C NMR (100 MHz, CDCls) & 157.3, 149.4, 148.6,
148.2, 144.4, 133.0, 131.7, 129.8, 127.9, 127.7, 124.9, 123.9, 118.1, 109.5, 108.5, 105.3, 101.6;
IR (KBr): 3015, 2222, 1616, 1473, 1170 cm™; HRMS for C17H11N20, [M+H]* calcd 275.0815,
found 275.0820.

N

2-(4-Chlorophenyl)quinoline-3-carbonitrile (98am)
CN White solid (93 mg, 65%); mp 188—-190 °C; *H NMR (400 MHz, CDCls)
5 8.69 (s, 1H), 8.21 (d, J = 8.8 Hz, 1H), 7.99 (d, J = 8.5 Hz, 2H), 7.93 (t,
O J=7.1Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.56 (d, J = 8.5 Hz, 2H); *C
“ NMR (100 MHz, CDCls) 6 156.7, 148.6, 144.3, 136.5, 136.1, 133.2,
130.5, 129.9, 129.0, 128.3, 127.8, 125.1, 117.8, 105.3; IR (KBr): 2914, 2221, 1612, 1481, 1173
cm™t; HRMS for C16H10CIN, [M+H]* caled 265.0527, found 265.0524.

W,
A/
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7-Methoxy-2-phenylquinoline-3-carbonitrile (98bf)
~CN Off white solid 87 mg, 62%); mp 164-166 °C; *H NMR (400 MHz,
MeO CDCls) 6 8.56 (s, 1H), 7.99 (d, J = 6.2 Hz, 2H), 7.80 (d, J = 9.0 Hz,
O 1H), 7.60 — 7.51 (m, J = 5.8 Hz, 3H), 7.52 (d, J = 1.9 Hz, 1H), 7.31
(dd, J=9.0, 2.3 Hz, 1H), 4.01 (s, 3H); *3C NMR (100 MHz, CDCls) § 163.6, 158.8, 150.9, 143.3,

137.9, 130.0, 129.1, 128.9, 128.7, 121.7, 120.4, 118.4, 107.7, 102.9, 55.9; IR (KBr): 3015, 2214,
1620, 1443, 1142 cm*; HRMS for C17H13N20 [M+H]* calcd 261.1022, found 261.1028.

6,7-Dimethoxy-2-phenylquinoline-3-carbonitrile (98cf)
MeO ~_CN Pale yellow solid (64 mg, 41%); mp 196-199 °C; *H NMR (400 MHz,
O _ CDCls) 6 8.45 (s, 1H), 7.97 (dd, J = 8.0, 1.4 Hz, 2H), 7.59 — 7.52 (m,
Meo 3H), 7.51 (s, 1H), 7.10 (s, 1H), 4.08 (s, 3H), 4.06 (s, 3H); *C NMR
(100 MHz, CDClz) 6 156.6, 155.3, 151.0, 146.5, 141.2, 138.0, 129.7,

129.0, 128.7, 121.0, 118.6, 108.3, 104.6, 103.2, 56.5, 56.3; IR (KBr): 2924, 2222, 1620, 1504,
1185 cm™; HRMS for C1gH15N202 [M+H]* calcd 291.1128, found 291.1125.

6-Methoxy-2-phenylquinoline-3-carbonitrile (98df)

MeO ~CN Yellow solid (84 mg, 60%); mp 167-168 °C; 'H NMR (400 MHz,
O > CDCl3) 5 8.54 (s, 1H), 8.11 (d, J = 9.2 Hz, 1H), 8.00 (dd, J = 8.0, 1.5
O Hz, 2H), 7.63 — 7.50 (m, 4H), 7.13 (d, J = 2.7 Hz, 1H), 3.99 (s, 3H);

13C NMR (101 MHz, CDCls) & 158.9, 155.7, 145.0, 142.5, 137.8, 131.3, 129.8, 129.0, 128.7,
126.2,126.1, 118.2, 105.7, 104.6, 55.8; IR (KBr): 2945, 2222, 1620, 1489, 1034 cm™*; HRMS for
C17H13N20 [M+H]* calcd 261.1022, found 261.1025.
6-Chloro-2-phenylquinoline-3-carbonitrile (98ef)

cl ~CN Pale yellow solid (36 mg, 25%); mp 190-193 °C; *H NMR (400 MHz,
O > CDCl3) & 8.61 (s, 1H), 8.17 (d, J = 9.0 Hz, 1H), 8.04 — 8.00 (m, 2H),
O 7.92 (d, J = 2.3 Hz, 1H), 7.85 (dd, J = 9.0, 2.3 Hz, 1H), 7.62 — 7.57 (m,

3H); 3C NMR (101 MHz, CDCl3) § 158.2, 147.1, 143.2, 137.3, 134.1, 133.9, 131.5, 130.4, 129.1,
128.8, 126.3, 125.6, 117.6, 106.6; IR (KBr): 3053, 2222, 1597, 1489, 1026, 764 cm™*; HRMS for
C16H10CIN2 [M+H]" calcd 265.0527, found 265.0524.
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6,7-Dimethoxy-2-p-tolylquinoline-3-carbonitrile (98cg)
MeO ~CN Pale yellow solid (49 mg, 30%); mp 198-200 °C; *H NMR (400
O P MHz, CDCls)  8.44 (s, 1H), 7.88 (d, J = 8.2 Hz, 2H), 7.51 (s, 1H),
Meo 7.37 (d, J =7.9 Hz, 2H), 7.09 (s, 1H), 4.08 (s, 3H), 4.06 (s, 3H),
Me a6 (s, 4H); 3C NMR (101 MHz, CDCl3) & 156.6, 155.3, 150.9,
146.5, 141.3, 139.9, 135.1, 129.4, 128.9, 120.9, 118.7, 108.3, 104.6, 103.1, 56.5, 56.3, 21.4; IR
(KBr): 2924, 2214, 1690, 1504, 1211 cm™’; HRMS for C19H17N20, [M+H]* calcd 305.1285, found
305.1291.
6,7-Dimethoxy-2-(4-methoxyphenyl)quinoline-3-carbonitrile (98ch)
MeO ~_CN Pale yellow solid (60 mg, 35%); mp 178-180 °C; *H NMR (400
O _ MHz, CDCls) 3 8.41 (s, 1H), 7.96 (d, J = 8.8 Hz, 2H), 7.48 (s,
Meo 1H), 7.08 (d, J = 5.0 Hz, 2H), 7.06 (s, 1H), 4.07 (s, 3H), 4.05 (s,
OMe " 3H), 3.90 (s, 3H); 2C NMR (100 MHz, CDCl3) 5 160.9, 156.1,
155.2,150.8, 146.5, 141.3, 130.5, 130.4, 120.7,118.8, 114.1, 108.2, 104.5, 102.9, 56.5, 56.3, 55.4;
IR (KBr): 2925, 2213, 1612, 1494, 1173 cm™; HRMS for C19H17N203 [M+H]* calcd 321.1234,
found 321.1238.
2-(4-Chlorophenyl)-6,7-dimethoxyquinoline-3-carbonitrile (98cm)
MeO ~CN White solid (75 mg, 43%); mp 234-235 °C; *H NMR (400 MHz,
MeO CDClz) 6 8.45 (s, 1H), 7.98 — 7.90 (m, 2H), 7.57 — 7.51 (m, 2H),
O 7.49 (s, 1H), 7.11 (s, 1H), 4.09 (s, 3H), 4.08 (s, 3H); 13C NMR (100
¢ MHz, CDCl3) & 155.5, 155.2, 151.2, 146.5, 141.3, 136.4, 136.1,
130.3, 128.9, 121.2, 118.4, 108.2, 104.5, 102.9, 56.54, 56.3; IR (KBr): 2947, 2222, 1697, 1504,
1165 cm™t; HRMS for C1sH14CIN20O2 [M+H]" calcd 325.0738, found 325.0734.
Representative procedure for synthesis of pyrimido[4,5-b]quinolin-4(3H)-ones (99)
A mixture of 2-bromobenzaldehyde (94a) (100 mg, 0.54 mmol), 2-cyanoacetamide (95b) (54 mg,
0.65 mmol), sodium azide (52 mg, 0.81 mmol), Cul (20 mol %), L-proline (40 mol %) and K2COs
(186 mg, 2.5 eq.) in DMSO (2 mL) was mixed under air atmosphere at room temperature and then
heated to 150 °C for 3 h. After cooling to ambient temperature, benzaldehyde (45) (69 mg, 0.65
mmol) was added and reaction mixture was then again heated to 150 °C for 2 h. After cooling to

ambient temperature, the reaction mass was quenched with ice-cold aqueous solution of NH4ClI
(30 mL), filtered through a bed of celite and the plug washed with ethyl acetate (20 mL). The
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resulting filtrate was extracted with ethyl acetate (2 x 20 mL) and the combined organic layers
dried over anhydrous Na,SO4 and concentrated under reduced pressure. Desired product 99a (77
mg, 52%) was isolated by column chromatography on silica gel (100-200 mesh) using ethyl
acetate/hexane (30%, v/v) as eluent.
2-Phenylpyrimido[4,5-b]quinolin-4(3H)-one (99a)
o) Yellow solid (77 mg, 52%); mp 356-357 °C; 'H NMR (400 MHz,
MNH DMSO-de) & 12.71 (s, 1H), 9.32 (s, 1H), 8.30 — 8.27 (m, 3H), 8.10 (d, J
N N/)\© = 8.6 Hz, 1H), 7.96 (t, J = 7.6 Hz, 1H), 7.72 — 7.57 (m, 4H); *3C NMR
(100 MHz, DMSO-ds) 6 163.7, 156.8, 156.3, 151.6, 138.6, 133.3, 133.1,
132.6, 130.0, 129.2, 128.9, 128.6, 126.9, 126.7, 116.1; HRMS for C17H12N30 [M + H]* calcd
274.0975, found 274.0978.
2-(p-Tolyl)pyrimido[4,5-b]quinolin-4(3H)-one (99b)

o) Orange solid (84 mg, 54%); mp 304-306 °C; *H NMR (400 MHz,
©\/YJ\NH DMSO-ds) 8 12.62 (s, 1H), 9.29 (s, 1H), 8.26 (d, J = 8.1 Hz, 1H), 8.20
N7 N7 (d, J = 8.0 Hz, 2H), 8.08 (d, J = 8.6 Hz, 1H), 7.94 (t, J = 8.5 Hz, 1H),

Me 7.66 (t, J = 7.3 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 2.42 (s, 3H); 1*C
NMR (100 MHz, DMSO-ds) & 163.7, 156.9, 156.1, 151.6, 142.8, 138.6, 133.3, 130.2, 130.0, 129.8,
128.9, 128.6, 126.8, 126.6, 116.0, 21.5; HRMS for C1sH1aN3O [M + H]* calcd 288.1131, found
288.1127.

2-(4-Chlorophenyl)pyrimido[4,5-b]quinolin-4(3H)-one (99c)
o Yellow solid (72 mg, 43%); mp 376 — 378 °C; *H NMR (400 MHz,
©\/Y‘\NH DMSO-ds) & 12.80 (s, 1H), 9.32 (s, 1H), 8.32 — 8.28 (m, 3H), 8.10 (d,
N N/)\©\ J=8.6Hz, 1H), 7.96 (t, J = 7.4 Hz, 1H), 7.70 — 7.67 (m, 3H); 13C NMR
Cl (100 MHz, DMSO-ds) 6 156.6, 151.5, 138.7, 137.5, 133.4, 132.0,

130.5, 130.1, 130.0, 129.3, 129.0, 128.9, 127.0, 126.7, 116.1; HRMS for C17H11CIN3O [M + H]*
calcd 308.0585, found 308.0582.

Ethyl 3-(2-bromophenyl)-2-cyanoacrylate (97aa)

0 Colorless oil (118 mg, 78%); *H NMR (400 MHz, CDCls) & 8.63 (s, 1H),
N “oEt 8.17 (dd, J = 7.8, 1.6 Hz, 1H), 7.71 (dd, J = 8.0, 1.2 Hz, 1H), 7.46 (td, J =
g N 7.4,0.8 Hz, 1H), 7.38 (td, J = 7.7, 1.7 Hz, 1H), 4.41 (q, J = 7.1 Hz, 1H), 1.41
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(t, J=7.1Hz, 2H); ¥3C NMR (100 MHz, CDCls) § 161.8, 153.9, 133.7, 133.6, 131.7, 130.1, 128.1,
126.6, 114.7, 106.4, 63.0, 14.2; HRMS for C12H11BrNO2 [M+H]" calcd 279.9968, found 279.9973
and 281.9954 [M+2+H]".

Ethyl 3-(2-azidophenyl)-2-cyanoacrylate (101)

o) Yellow Oil (16 mg, 18%); 'H NMR (400 MHz, CDCl3) & 8.79 (s, 1H), 8.78
Moa (d, J = 9.0 Hz, 1H), 8.14 (dd, J = 8.1, 1.1 Hz, 1H), 8.04 (td, J = 8.4, 7.9, 1.3
N, N Hz, 1H), 7.85 — 7.80 (m, 1H), 4.64 (q, J = 7.1 Hz, 2H), 1.55 (t, J = 7.1 Hz,

3H); 13C NMR (100 MHz, CDCl3) § 162.6, 145.7, 138.1, 133.6, 132.0, 130.5, 128.6, 122.7, 117.2,
117.1, 62.7, 14.4. MS (ESI) m/z cacld for C12H11N4O2 [M+H]* 243.09, found 243.15.

Ethyl 3-(2-aminophenyl)-2-cyanoacrylate (102)

NH, 0 Brown solid (58 mg, 50%); mp 123-125 °C; *H NMR (400 MHz, DMSO-
X OEt de) 0 8.55 (s, 1H), 8.32 (d, J = 8.6 Hz, 1H), 8.09 (d, J = 7.9 Hz, 1H), 7.84 (d,
CN J=8.2Hz, 3H), 7.47 (t, J = 7.4 Hz, 1H), 4.42 (q, J = 7.1 Hz, 2H), 1.40 (t, J

=7.1 Hz, 3H); *C NMR (100 MHz, DMSO-de) & 165.50, 147.65, 141.08, 133.74, 130.93, 130.68,
125.00, 120.86, 117.26, 110.72, 62.23, 14.54; *H NMR (400 MHz, DMSO-ds, D20 exchange) &
8.58 (s, 1H), 8.26 (d, J = 8.5 Hz, 1H), 8.04 (d, J = 7.7 Hz, 1H), 7.85 (t, J = 7.6 Hz, 1H), 7.47 (t, J
= 7.3 Hz, 1H), 4.39 (g, J = 6.9 Hz, 2H), 1.37 (t, J = 7.0 Hz, 3H); HRMS for C12H13N202 [M+H]*
calcd 217.0972, found 217.0975.

2-Aminobenzaldehyde (103)

Xp Paleyellow liquid (42 mg, 64%); 'H NMR (400 MHz, DMSO-dg) 5 9.81 (d, J = 0.4
(;CNHZ Hz, 1H), 7.53 (dd, J = 7.8, 1.6 Hz, 1H), 7.30 (ddd, J = 8.5, 7.0, 1.7 Hz, 1H), 7.12 (bs,
2H), 6.76 (d, J = 8.4 Hz, 1H), 6.64 (ddd, J = 7.9, 7.0, 1.0 Hz, 1H).; 3C NMR (100 MHz, DMSO-
de) 6 194.5,151.2,136.0, 135.5, 118.2,116.3, 115.4; HRMS for C7HgNO [M+H]* calcd 122.0600,
found 121.0581.
2-Benzoyl-3-(2-bromophenyl)acrylonitrile (104af)

o} Crystalline off white solid (234 mg, 70%); mp 126-128 °C; 'H NMR (400

X" >Ph MHz, CDCl3) § 8.37 (s, 1H), 8.25 (d, J = 7.1 Hz, 1H), 7.94 (d, J = 7.3 Hz, 2H),

Br N 7.73(d,J=7.8 Hz, 1H), 7.68 (t, J = 7.4 Hz, 1H), 7.57 (t, J = 7.6 Hz, 2H), 7.51
(t, J=7.6 Hz, 1H), 7.42 (t, J = 7.7 Hz, 1H); *C NMR (100 MHz, CDCls) § 188.8, 154.1, 135.3,
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133.8, 133.7, 133.6, 132.1, 130.10, 129.6, 128.8, 128.2, 126.5, 115.7, 113.6; HRMS for
C16H11BrNO [M+H]" calcd 312.0019, found 312.0015.

Crystal Structure Report for 104af (CCDC 1433055)
Table 2A.4: Sample and crystal data of 104af

Identification code vbchem114

Chemical formula CHBrNO

Formula weight 122.94 g/mol

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system triclinic

Space group P-1

Unit cell dimensions a=8.9523(11) A o = 83.854(10)°

b =10.8955(15) A B =89.882(9)°
c=13.2918(18) A v = 89.928(9)°

Volume 1289.0(3) A®

Z 16

Density (calculated) 2.534 g/cm®

Absorption coefficient 12.492 mm*

F(000) 912

Table 2A.5: Data collection and structure refinement of 104af

Theta range for data collection 1.54 to 28.89°

Index ranges -12<=h<=12, -14<=k<=14, -17<=I<=17

Reflections collected 41097

Independent reflections 6642 [R(int) = 0.3862]

Coverage of independent reflections 97.9%

Absorption correction multi-scan

Refinement method Full-matrix least-squares on F?

Refinement program SHELXL-2014/7 (Sheldrick, 2014)

Function minimized T w(Fo? - F?)?

Data / restraints / parameters 6642 /0/343

Goodness-of-fit on F2 1.410

Final R indices 2552 data; I>206(1) R1=0.1575, wR2 =0.2795
all data R1 =0.3435, wR2 = 0.3407

w=1/[6?(Fo?)+(0.1000P)?+0.6035P]
where P=(Fo?+2F¢)/3
Largest diff. peak and hole 1.172 and -2.442 eA

Weighting scheme
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Table 2A.6: Atomic coordinates and equivalent isotropic atomic displacement parameters (A?)

U(eq) is defined as one-third of the trace of the orthogonalized U;; tensor.

x/a y/b zlc U(eq)
Brl 0.60369(15) 0.69560(14) 0.83172(11) 0.0500(5)
Br2 0.10329(15) 0.80468(14) 0.66867(11) 0.0506(5)
01 0.9436(9) 0.6540(9) 0.9648(7) 0.054(3)
02 0.4430(9) 0.8458(9) 0.5355(7) 0.051(3)
C26 0.8130(12) 0.9171(10) 0.5811(8) 0.023(3)
Cl1 0.4127(12) 0.4928(11) 0.8810(8) 0.025(3)
C24 0.6670(11) 0.9044(10) 0.5990(8) 0.022(3)
c27 0.9104(11) 0.0081(10) 0.6184(8) 0.021(3)
N2 0.5303(12) 0.0301(11) 0.7224(9) 0.053(3)
C10 0.3134(12) 0.5834(10) 0.9178(8) 0.025(3)
C28 0.0510(13) 0.9716(10) 0.6573(9) 0.027(3)
Cl 0.1367(13) 0.7953(11) 0.9798(9) 0.031(3)
C6 0.2482(13) 0.8594(12) 0.9246(10) 0.037(3)
C25 0.5917(14) 0.9761(13) 0.6660(10) 0.040(3)
C7 0.0678(14) 0.6820(12) 0.9475(9) 0.034(3)
C8 0.1679(11) 0.5961(10) 0.9002(8) 0.022(3)
C12 0.5517(13) 0.5272(11) 0.8441(8) 0.027(3)
N1 0.0322(13) 0.4726(12) 0.7763(10) 0.058(4)
C16 0.3682(14) 0.3704(12) 0.8881(9) 0.038(3)
C29 0.1508(13) 0.0522(13) 0.6904(9) 0.037(3)
C9 0.0936(14) 0.5236(13) 0.8350(11) 0.042(3)
C32 0.8698(14) 0.1305(12) 0.6139(9) 0.039(3)
C18 0.7488(14) 0.6418(12) 0.5745(10) 0.039(3)
C23 0.5687(14) 0.8178(11) 0.5518(9) 0.033(3)
C31 0.9671(15) 0.2133(13) 0.6487(9) 0.040(3)
C17 0.6362(12) 0.7056(12) 0.5193(9) 0.030(3)
C15 0.4680(15) 0.2877(13) 0.8525(10) 0.044(3)
C13 0.6516(14) 0.4463(14) 0.8084(10) 0.041(3)
C30 0.1078(16) 0.1758(15) 0.6855(10) 0.053(4)
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x/a y/b zlc U(eq)
c2 0.0718(15) 0.8384(14) 0.0669(10) 0.048(4)
C22 0.5754(15) 0.6607(13) 0.4332(10) 0.046(4)
Cl4 0.6106(16) 0.3280(15) 0.8148(9) 0.049(4)
Cc5 0.3053(15) 0.9665(12) 0.9598(12) 0.047(4)
c21 0.6369(18) 0.5529(14) 0.4033(11) 0.056(4)
C4 0.2500(18) 0.0126(14) 0.0420(13) 0.058(4)
C20 0.7503(18) 0.4885(14) 0.4563(12) 0.052(4)
C3 0.1345(18) 0.9483(16) 0.0979(12) 0.062(5)
C19 0.8027(16) 0.5314(13) 0.5392(12) 0.054(4)
Table 2A.7: Bond lengths (A).
Br1-C12 1.884(11) Br2-C28 1.868(11)
01-C7 1.169(13) 02-C23 1.179(14)
C26-C24 1.333(14) C26-C27 1.449(15)
C11-C12 1.374(15) C11-C16 1.387(17)
C11-C10 1.451(15) C24-C25 1.415(17)
C24-C23 1.480(16) C27-C32 1.377(16)
C27-C28 1.403(16) N2-C25 1.141(16)
C10-C8 1.328(15) C28-C29 1.360(17)
C1-C6 1.382(16) C1-C2 1.418(17)
C1-C7 1.485(17) C6-C5 1.400(18)
C7-C8 1.482(16) C8-C9 1.403(18)
C12-C13 1.374(17) N1-C9 1.147(17)
C16-C15 1.386(17) C29-C30 1.40(2)
C32-C31 1.371(17) C18-C17 1.390(17)
C18-C19 1.420(18) C23-C17 1.468(16)
C31-C30 1.396(19) C17-C22 1.403(17)
C15-C14 1.423(19) C13-Cl4 1.33(2)
C2-C3 1.42(2) C22-C21 1.39(2)
C5-C4 1.34(2) C21-C20 1.38(2)
C4-C3 1.41(2) C20-C19 1.33(2)

67



Chapter 2: Part-A

x/a y/b zlc U(eq)

Table 2A.8: Bond angles (°)
C24-C26-C27 126.3(10) C12-C11-C16 120.6(11)
C12-C11-C10 120.3(10) C16-C11-C10 119.1(10)
C26-C24-C25 121.6(10) C26-C24-C23 124.6(10)
C25-C24-C23 113.8(10) C32-C27-C28 119.2(10)
C32-C27-C26 121.5(10) C28-C27-C26 119.3(10)
C8-C10-C11 127.0(10) C29-C28-C27 122.9(11)
C29-C28-Br2 117.8(10) C27-C28-Br2 119.3(9)
C6-C1-C2 122.4(12) C6-C1-C7 122.4(11)
C2-C1-C7 115.1(11) C1-Ce6-C5 118.6(12)
N2-C25-C24 177.6(15) 01-C7-C8 119.6(11)
01-C7-C1 123.2(11) C8-C7-C1 117.0(10)
C10-C8-C9 121.4(10) C10-C8-C7 125.2(10)
C9-C8-C7 113.4(10) C13-C12-C11 123.4(11)
C13-C12-Brl 117.6(9) C11-C12-Brl 118.8(9)
C15-C16-C11 116.6(12) C28-C29-C30 117.2(12)
N1-C9-C8 174.5(16) C31-C32-C27 119.1(13)
C17-C18-C19 117.6(12) 02-C23-C17 123.0(11)
02-C23-C24 118.8(11) C17-C23-C24 118.0(10)
C32-C31-C30 121.0(13) C18-C17-C22 121.0(12)
C18-C17-C23 121.9(11) C22-C17-C23 117.0(11)
C16-C15-C14 120.6(13) C14-C13-C12 116.7(12)
C29-C30-C31 120.6(12) C1-C2-C3 115.9(13)
C21-C22-C17 117.3(13) C13-C14-C15 122.0(12)
C4-C5-C6 122.3(13) C20-C21-C22 122.7(13)
C5-C4-C3 119.2(13) C19-C20-C21 118.6(14)
C4-C3-C2 121.4(13) C20-C19-C18 122.7(14)
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Table 2A.9: Anisotropic atomic displacement parameters (A?).

The anisotropic atomic displacement factor exponent takes the form: -2n?[ h? a2 U1 + ... + 2 h Kk
a b U]

Uwu U2 Uss Uz Uiz U

Brl 0.0527(9) 0.0466(10)  0.0521(10)  -0.0116(8) 0.0168(7)  -0.0195(7)
Br2 0.0509(9) 0.0492(10)  0.0538(10)  -0.0156(8)  -0.0135(7)  0.0197(7)

01 0.022(55) 0.073(7) 0.073(7) -0.028(6)  0.010(4) -0.011(4)
02 0.022(5) 0.065(7) 0.070(7) -0.026(6)  -0.009(4)  0.014(4)
C26 0.029(6)  0.017(6) 0.023(6) -0.007(5)  -0.002(5)  0.004(5)
C11 0.028(6)  0.030(8) 0.019(6) -0.011(5)  0.001(5) -0.004(5)
C24 0.029(6)  0.019(7) 0.020(6) -0.012(5)  0.002(5) 0.005(5)
C27 0.024(6)  0.022(7) 0.019(6) -0.013(5)  0.006(4) 0.003(5)
N2 0.042(7)  0.058(9) 0.064(9) -0.033(7)  0.015(6) 0.004(6)
C10 0.038(7)  0.017(7) 0.022(7) -0.006(5)  0.011(5) -0.005(5)
C28 0.045(7)  0.012(6) 0.025(7) -0.003(5)  0.014(5) 0.006(5)
Cl 0.037(7) 0.034(8) 0.024(7) -0.016(6)  -0.006(5)  0.009(6)
C6 0.034(7)  0.029(8) 0.046(8) 0.001(7) 0.009(6) 0.001(6)
C25 0.036(7)  0.048(10) 0.036(8) -0.005(7)  -0.006(6)  -0.014(6)
C7 0.038@8) 0.032(8) 0.035(8) -0.017(6)  0.001(6) -0.001(6)
C8 0.025(6) 0.018(7) 0.022(6) -0.005(5)  -0.001(5)  -0.004(5)
C12 0.043(7)  0.018(7) 0.022(7) -0.012(5)  0.002(5) -0.014(5)
N1 0.044(7)  0.065(9) 0.072(9) -0.039(8)  -0.008(6)  -0.001(6)
C16 0.061(9)  0.024(8) 0.033(8) -0.017(6)  -0.008(6)  0.005(6)
C29 0.033(7)  0.047(10) 0.033(8) -0.011(7)  0.000(5) -0.008(6)
C9 0.041(8)  0.034(9) 0.053(10) -0.016(8)  0.017(7) 0.010(6)
C32 0.060(9)  0.034(9) 0.025(7) -0.013(6)  0.016(6) -0.014(7)
C18 0.042(8)  0.033(8) 0.043(8) -0.004(7)  0.003(6) 0.005(6)
C23 0.046(8)  0.025(8) 0.028(7) -0.013(6)  0.004(6) -0.003(6)
C31 0.050(8)  0.043(9) 0.026(7) -0.003(7)  -0.001(6)  -0.004(7)
C17 0.031(7)  0.040(8) 0.021(7) -0.011(6)  0.003(5) -0.007(6)
C15 0.055(9)  0.048(10) 0.029(8) -0.010(7)  -0.006(6)  0.009(7)
C13 0.036(7)  0.047(10) 0.043(9) -0.023(7)  0.002(6) 0.004(6)
C30 0.059(10) 0.069(12) 0.031(8) -0.011(8)  0.013(7) -0.037(8)
C2 0.052(9)  0.054(10) 0.041(9) -0.025(8)  -0.008(6)  0.015(7)
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C22 0.057(9)  0.050(10) 0.034(8) -0.023(7)  0.008(6) -0.022(7)
Cl4 0.056(9)  0.066(12) 0.023(8) -0.005(7)  -0.006(6)  0.033(8)
C5 0.059(9)  0.021(8) 0.064(11) -0.015(7)  -0.009(7)  -0.009(6)
C21 0.078(11) 0.047(10) 0.048(10) -0.033(8)  0.015(8) -0.016(8)
C4 0.076(11) 0.045(11) 0.058(11) -0.026(9)  -0.014(8)  -0.005(8)
C20 0.077(11) 0.041(10) 0.043(9) -0.021(8)  0.002(8) 0.004(8)
C3 0.078(11) 0.062(11) 0.052(10) -0.039(9)  -0.018(8)  0.027(9)
C19 0.067(10) 0.032(9) 0.064(11) -0.006(8)  0.014(8) 0.006(7)
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2B.1 INTRODUCTION

Compound with imidazo[1,2-a]pyridine scaffolds have found a wide range of application in the
field of drug discovery, biological chemistry and in material science.**l  For instance,
imidazo[1,2-a:5,4-b"ldipyridin-2-amine (Glu-P1 and Glu-P2) act as anticancer agent, 5H-
pyridio[1,2-a]imidazo[5,4-b]indole used as antihypertensive agent and 2-(imidazo[l,2-
a]pyridine)phenol display excited state intramolecular proton transfer (ESIPT) (Figure 2B.1).
Several marketed drugs such as Zolpidem, Alpidem, Saripidem, and Olprinone, etc. are
imidazo[1,2-a]pyridine derivatives used for the treatment of anxiety, insomnia, anxiolytic, and
cardio related problems (Figure 2B.1).571 It is also an important scaffold for the synthesis of
various fused-heterocyclic compounds.”®1 Among various fused-heterocycles, biologically
intriguing imidazo[1,2-a]pyridine-fused quinoline system has attracted considerable attention of
the organic chemists as quinoline is a well-established motif present in natural products® and

synthetic compounds that exhibit versatile application in medicinal chemistry.10-12

220 NN
L Q2 et
N= H N

NH,
Imidazo[1,2-a:5,4-b'[dipyridin-2-amine  Pyridio[1,2-a]imidazo[5,4-blindole  2-(imidazo[1,2-a]pyridin-2-yl)phenol
(anticancer agent) (antihypertensive agent) (ESIPT)
Glu-P1 = Me
Glu-P2 =H

N
O e 0 O O ey D
Me~N Me
NMe, NPry //\'\pr

Zolpidem Alpidem Saripidem Olprinone
(antianxiety agent) (Insomia and (antianxiolytic agent) (cardiotonic agent)
antianxiety agent)

Figure 2B.1: Selective examples of imidazo[1,2-a]pyridine-based molecules
In this respect, Kundu group synthesized pyrido[2',1":2,3]imidazo[4,5-c]quinolines (P1Q) (4 & 5)
from 2-(imidazo[1,2-a]pyridin-2-yl)anilines (1) and aldehydes (2)/ketones (3) via Pictet—Spengler
reaction in the presence of p-TsOH as catalyst (Scheme 2B.1a).1*®! Chauhan and coworkers have

also achieved the synthesis of PIQ derivatives (4 & 5) from 2-(imidazo[1,2-a]pyridin-2-yl)anilines
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(1) and aldehydes (2)/ketone (3) by using cyanuric chloride in catalytic amount and tetra-n-
butylammonium bromide (TBAB) as phase transfer catalyst Scheme 2B.1b).[*4!

p-TsOH (0.1 eq.), toluene

\ 120 °C, 1-8 h \
T
R' P 10 examples of 4 (63-77%) R 2N
N 5 example of 5 (66-77%) ~oN—Z N\ (@)
H,N —
1 2 4 , N
R
+
O
I
2 H R3” “Me Cyanuric Chloride (15 mol %)
R%, 3 TBAB (2 eq.), H,0
80°C,1.5h
R‘l H 7- CONH2 8- Me 7-Me 19 exampIeS of 4 (72 92%)

0,
RZ = Ph, 2-OHCgHy, 2-CICgH,, 4-MeCqH, ~ © examples of 5 (82-88%)

4-BrC6H4, 4-N02C6H4, 4-CNC6H4
2-furyl, 4-pyridyl, 1-naphthyl, ferrocenyl
R3 = Ph, 4-MeCgH,, 4-NO,CgH,4, Me, Et

Scheme 2B.1: Synthesis of pyrido[2',1":2,3]imidazo[4,5-c]quinolines from 2-(imidazo[1,2-
a]pyridin-2-yl)anilines

Various type of aryl/heteroaryl aldehydes (2) and ketones (3) reacted well under this protocol to
give corresponding products in good yield (72-92%). Even ferrocene aldehyde also reacted
smoothly and afforded product in 75% yield. The synthesized compounds were further evaluated
for their antimalarial activity against CQ-S 3D7 and CQ-R K1 strains of P. falciparum and
cytotoxicity towards the VERO cell line (1008; Monkey kidney fibroblast). All the synthesized
compounds showed moderate antimalarial activity.

Zhang and coworkers reported the one-pot synthesis of PIQ analogues (4 & 5) starting from 2-
aminopyridines (6). Initially, the reaction of 2-aminopyridines (6) and 2-bromophenacyl bromides
(7) afforded 2-(2-bromophenyl)imidazo[1,2-a]pyridines (8) in the presence of a base.
Subsequently, the addition of ammonia via copper-assistant amination reaction resulted in 2-
(imidazo[1,2-a]pyridin-2-yl)anilines (1). Finally reaction of 1 with aldehydes (2) or ketones (3)
produced desired imidazopyridine fused quinoline derivatives via Pictet-Spengler reaction in the
presence of HCI (Scheme 2B.2)."1 A series of 43 molecules synthesized by varying different

aldehydes and ketones in moderate to good yields (28-62%).
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R1 N R2 RZ
NZ >NH Cul (10 mol %)
6 KsPO, (1.2 eq.) Br 1,10-Phen NH,
* o DMF (10 mol %)
N
Br 80°C, 4 h N N NH;-H,0 (0.5 mL) N, N
N 8h .
L R L R
R'=H, 3-Me, 5-CF3, 5-Cl, 6-Me HCI (pH = 4-5)
R? = H, 4-Me, 5-OMe, 5-CI ° 4h
R3 = Ph, 2-MeCGH4, 2-C|C6H4, 4-MeCGH4, 4-BrC6H4 )J\ JOJ\
4-NO,CgHy, 2-furyl, 4-pyridyl, 1-naphthyl, Cy, n-Pr R3 H 2 R4 “Me 3
R?* = Ph, 4-MeCgH,, 4-OMeCgH,4, 4-NO,CgHy, Et l l
PN R? » =N R?
R
SN N\
NH —N
Me R4 5 R3 4
11 examples 32 examples
Yields: 28-36% Yields: 35-62%

Scheme 2B.2: Synthesis of PIQ derivatives from 2-aminopyridines and 2-bromophenacyl

bromides

Atmakur group reported formation of substituted imidazo[1,2-a]pyridine-fused quinolines (4) and
aroyl substituted imidazo[1,2-a]pyridine-fused quinolines (9) by 1,-DMSO mediated oxidative
cross coupling followed by intramolecular cyclization of 2-(imidazo[1,2-a]pyridin-2-yl)anilines
(1) with aldehydes (2)/ketone (3) in one-pot fashion (Scheme 2B.3).[16]

j)\ i
3
R H 2 H,N R Me 3
N F _N

1 I, (1.5 eq. i I (1.5 eq.) R
R 2(150q) N\/)_Q . 949 2

DMSO, 80°C,3h ] r2 DMSO, 80°C, 3 h R

R 4 o

R3

R' = H, 5-Me, 5-Cl, 5-Br; R? = H, 4-Me, 4-Cl
R3 = Ph, 4-MeCgHy, 4-BrCgHy4, 4-NO,CgHs, 4-CF3CgHy 19 examples

3,4,5-(OMe)3CgHy, 2-furyl, 1-napthyl Yields: 71-86%
R* = Ph, 4-MeCgH,, 4-BrCgHy, 4-FCgH5, 4-CNCgH,4

6 examples
Yields: 74-83%

Scheme 2B.3: [>-DMSO promoted formation of substituted PIQ from 2-(imidazo[1,2-a]pyridin-
2-yl)anilines

The developed strategy proceeded though initially formation of phenylglyoxal (10) in the presence

of I and DMSO (Kornblum reaction conditions). Subsequently, nucleophilic attack of
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imidazopyridines on in situ formed phenylglyoxal was activated by 1> to produce intermediate

(12). Finally, intramolecular cyclization afforded the desired products (Scheme 2B.3a).

R Me |--O 10
®

Z N\ RS
XN
T HN

N
o Q H Nucleophilic Intramolecular C(/
Ji§ I,/DMSO R3)Jm/ attatF:)k Cr cycllzatlon N—/

3

Scheme 2B.3a: Reaction pathway for I,-DMSO mediated formation of P1Q

Interestingly, pyrido[2',1":2,3]imidazo[4,5-c]quinolines (4) were obtained when 2-(imidazo[1,2-
a]pyridin-2-yl)anilines (1) were allowed to react with ketones (3) in the presence of I in DMSO
at 120 °C for 12 h (Scheme 2B.4). This transformation is believed to proceed through sequential
condensation, Pictet-Spengler reaction, Csp>-H functionalization, and cleavage of CO-C bond.

N
. AN R? JO]\ I, (5 mol %) rf T
N DMSO, 120 °C, 12 h, air —\ R2
1 3 R® ,
R'=H, 5-Me, 5-Cl, 6-Me; R? = H 20 examples
R3 = Ph, 4-MeCgHg,4-OMeCgH,, 4-BrCgH,,4-FCgH, Yields: 65-88%

4-N02C6H5, 4-CF3C6H4, 4-CNC6H4, 2-pyr|dy|

Scheme 2B.4: I,-catalyzed synthesis of P1Q analogues

Che group prepared structurally diverse imidazo[1,2-a]pyridine-fused isoquinolines by using the
Groebke—Blackburn—Bienaymé reaction of 2-aminopyridines (6), isocyanide (13) and o-
alkynylbenzaldehydes (12) followed by gold-catalyzed hydroamination. Imidazo[1,2-a]pyridine-
fused isoquinolines (15) in good yields (48-80%) (Scheme 2B.5).11]

tBU NC 1 \\
p-TsOH R Au(JohnPhos)Cl A \=N
(5mol%) = (10 mol %)
) _tomal ) o n g
“MeOH. it SN R2 ACN, reflux i — R?
R N
12h NH 24 h
By 14 15 Me
R1 = H, 3-Me, 5-Me, 5-Br 11 examples 11 examples
R2 =H, 4-Me, 4-F, 5-OMe, 5-Cl Yields: 43-94% Yields: 48-80%

Scheme 2B.5: Synthesis of PIQs in two steps from 2-aminopyridines and 2-

alkynylbenzaldehydes
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Importance of imidazo[1,2-a]pyridine framework in various fields motivated us to develop a new
simple and straightforward method for the synthesis of P1Q analogues. In this chapter of the thesis,
we have synthesized PIQs from 2-(2-bromophenyl)imidazo[1,2-a]pyridine (8) and aldehydes (2)

using sodium azide as a source of nitrogen in the presence of Cul as catalyst (Scheme 2B.6).

-proli =N

7" otinmon - *
R N/ + R2-CHO + NaNj : - N \
DMSO, 150 °C, 10-12 h —N

Br under air atm. R2
8 2

Scheme 2B.6: Synthesis of PIQ derivatives from 2-(2-bromophenyl)imidazo[1,2-a]pyridines

2B.2 RESULTS AND DISCUSSION

IB.2.1 Chemistry

The optimized conditions for this transformation were recognized by performing a series of
experiments using 2-(2-bromophenyl)imidazo[1,2-a]pyridine (8a), 4-methylbenzaldehyde (2b)
and sodium azide as model substrates (Table 2.1). Our initial efforts commenced with the reaction
of 8a with 2b using NaNz in the presence of Cul (10 mol %), L-proline (20 mol %), trimethylamine
(TEA) (1 eq.) and p-TsOH (0.1 eq.) in DMSO at 150 °C after 10 h. Expected product 6-(p-
tolyl)pyrido[2',1":2,3]imidazo[4,5-c]quinoline (P1Q) (4ab) was obtained in 40% vyield (entry 1,
Table 2B.1).

Structure of 4ab is confirmed by *H & *C NMR and mass analysis. In the *H NMR spectrum of
4ab, a characteristic deshielded doublet of doublet appeared at 6 8.82 ppm for Cg-H of
imidazopyridine ring, a singlet at 6 2.54 ppm for C4-CHs aryl ring at the Ce position of 4ab along
with other expected protons at their respective positions were observed (Figure 2B.2). The methyl
carbons of aryl appeared at § 21.55 along with all other expected peaks in the 3C NMR spectrum
confirmed the structure of 4ab (Figure 2B.3).
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To further improve the reaction yield, various bases such as DIPEA, DBU, and K>CO3 (entries 2-
4, Table 2B.1) and found that DIPEA was most effective base for this protocol. Then we evaluated
the different copper salts such as Cul, CuBr, Cu(OAc)2 and Cu(OTf)-DCM. It is found that Cul
was the best catalyst among different copper salts for this transformation giving the highest yield
of 4ab (entries 7-9, Table 2B.1). Further, we found that 20 mol % of Cul gave the best yield of
4ab by varying the catalyst loading from 10 mol % to 30 mol % (entries 2, 5-6, Table 2B.1)
Examine the effect of loading of additive for model reaction; it was found 0.5 eq. of p-TsOH
afforded the highest yield of 4ab (entries 2, 10-12, Table 2B.1). Use of different acid additive such
as TFA AcOH, and, BFz-OEt, did not improve the yield of 4ab and p-TsOH was best among all
tested additive (entries 13-15, Table 2B.1). Furthermore, we screened different ligands, and L-
proline (30 mol %) provided the highest yield (entries 11 vs 16-18, Table 2B.1). We next examined
the impact of solvents on reaction yield, use of other polar solvents such as DMF, DMA, and EtOH
as well as non-polar solvents such as toluene instead of DMSO resulted in decreased yield (entries
19-22, Table IB.1). Notably, the reaction did not work at all without the use of Cul (entry 25,
Table 2B.1). It was also worth mentioning that the yield of desired product 4ab decreased
significantly when the model reaction is performed in the absence of p-TsOH or L-proline or
DIPEA (entries, 23-24 and 26, Table 2B.1).

Table 2B.1: Optimization of reaction condition for copper-catalyzed one-pot reaction.?

NaN3
CHO catalyst, ligands

N
= /\/)_Q N base, additive
N
solvent, temp., time

Y

Br
Me
8a 2b Me  4ab
Entry Catalyst Ligand Base Additive Solvent  Yield®
(mol %) (mol %) (1.0eq.) (eq.) (2mL) (%)
1 Cul (20) L-proline (20) TEA p-TsOH (0.1) DMSO 40
2 Cul (10) L-proline (20) DIPEA  p-TsOH (0.1) DMSO 56
3 Cul (210) L-proline (20) DBU p-TsOH (0.1) DMSO 32
4 Cul (10) L-proline (20) KoCOz  p-TsOH (0.1) DMSO 10
5 Cul (20) L-proline (30) DIPEA  p-TsOH (0.1) DMSO 64
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6 Cul (30) L-proline (60) DIPEA  p-TsOH (0.1) DMSO 60
7 CuBr (20) L-proline (30) DIPEA  p-TsOH (0.1) DMSO 55
8 Cu(OAC)2(20) L-proline (30) DIPEA  p-TsOH (0.1) DMSO 42
9 Cu(OTf)yDCM(20)  L-proline (30) DIPEA  p-TsOH (0.1) DMSO 61
10 Cul (20) L-proline (30) DIPEA  p-TsOH (0.3) DMSO 66
11 Cul (20) L-proline (30) DIPEA  p-TsOH (0.5) DMSO 70
12 Cul (20) L-proline (30) DIPEA  p-TsOH (1.0) DMSO 72
13 Cul (20) L-proline (30) DIPEA TFA® (0.5) DMSO 43
14 Cul (20) L-proline (30) DIPEA AcOH (0.5) DMSO 51
15 Cul (20) L-proline (30) DIPEA  BF3:OEtx(0.5) DMSO 35
16 Cul (20) Glycine (30) DIPEA  p-TsOH (0.5) DMSO 54
17 Cul (20) DMEDAY(30) DIPEA  p-TsOH (0.5) DMSO 61
18 Cul (20) 1,10-Phen®(30)  DIPEA  p-TsOH (0.5) DMSO 48
19 Cul (20) L-proline (30) DIPEA  p-TsOH (0.5) DMF 42
20 Cul (20) L-proline (30) DIPEA  p-TsOH (0.5) DMAc 38
21 Cul (20) L-proline (30) DIPEA  p-TsOH (0.5) EtOH" 35
22 Cul (20) L-proline (30) DIPEA  p-TsOH (0.5) Toluene® 20
23 Cul (20) L-proline (30) DIPEA - DMSO 25
24 Cul(20) - DIPEA  p-TsOH (0.5) DMSO 53
25 - L-proline (30) DIPEA  p-TsOH (0.5) DMSO -
26 Cul(20) L-proline (30) - p-TsOH (0.5) DMSO 60

@Reaction conditions: 8a (0.366 mmol), 2a (0.439 mmol), NaN3 (0.549 mmol), Cul (20 mol %),
L-proline (30 mol %), p-TsOH (0.183 mol %), base (1 eq.), 150 °C, air atmosphere, 10 h. PIsolated
yields. °TFA = Triflouro acetic acid. DMEDA = N,N-Dimethylethylenediamine. ¢1,10-Phen =
1,10-Phenanthroline. 'At 90 °C for 10 h. 9At 120°C for 24 h.

With the optimized conditions in hand, we sought to evaluate the applicability of this methodology
to synthesize imidazopyridine-fused quinolines (Table 2B.2). Pyrido[2',1":2,3]imidazo[4,5-
c]quinolines (4aa-ai) were obtained in good to high (45-70%) yields from reaction of 8a with
aldehydes (2a-i). The yield of 4 was relatively poor from aldehydes having electron withdrawing
groups. Similarly, other substituted imidazo[1,2-a]pyridines (8b-e) reacted with aldehydes (2a-i)
to give corresponding pyrido[2',1":2,3]imidazo[4,5-c]quinolines (4ba-ei) in moderate to good
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yields. Interestingly, heteroaryl-aldehydes such as thiophene-2-carbaldehyde (2j) and 2-
picolinaldehyde (2k) were well tolerated under the optimized conditions and gave corresponding
products (4bj and 4bk) in 71% and 55% vyield, respectively. In addition, 6-(2-
bromophenyl)imidazo[2,1-b]thiazole (8f) also reacted well with aldehydes (2b-d) and gave
corresponding desired products (4fb-fd) in good yield (42-56%).

Table 2B.2: Substrate scope of PIQs (4)

Cul (20 mol %) 7 _N
L-proline (30 mol %) R ~ N—Z N\

1//N
R 2__
N/ + R?—CHO X
- —N

DIPEA (1.0 eq.)
Br

NaN; p-TsOH (0.5 eq.) . R2
8a-f 2a-k DMSO, 150 °C, 10-12 h, air 4aa-fd
N Me
< o O
=N X N{@ SN )
R2 =N —N
R2 R?

4aa, 65% [R? = CgHs)

4ab, 70% [R? = 4-MeCgHy] 4ba, 70% [R? = CgHs) 4ca, 68% [R? = CgHs)

4ac, 63% [R? = 4-MeOCgH,]

4ad, 58% [R? = 4-CICgH,]

4ae, 53% [R? = 4-NO,CgH,]

4af, 55% [R? = 3-NO,CgHy]

4ag, 45% [R? = 2-NO,CgHy]

4ah, 65% [R? = 3,4,5(0OMe)3CgH,]
4ai, 57% [R? =H]

g

/

Me X N\C@
—N

R2
4dc, 65% [R? = 4-MeOCgH,]
4di, 60% [R? = H]

4bb, 75% [R? = 4-MeCgHy]
4bc, 65% [R? = 4-MeOCgH,]
4bd, 61% [R? = 4-CICgH,]
4bj, 71% [R? = 2-thienyl]
4bk, 55% [R?= 2-pyridyl]

N N{@
—N

R2
4eb, 61% [R? = 4-MeCgH,]
4ec, 55% [R? = 4-MeOCgH,]
4ei, 51% [R?=H]

4cb, 70% [R? = 4-MeCgH,]
4cc, 64% [R? = 4-MeOCgH,]
4ci, 60% [R? = H]

S\r/N
&N 7\
=N
R2
4fb, 56% [R? = 4-MeCgH,]
4fc, 51% [R? = 4-MeOCgH,]
4fd, 42% [R? = 4-CICgH,]

@Reaction conditions: 8 (0.366 mmol), 2 (0.439 mmol) NaN3 (0.549 mmol), Cul (20 mol %), L-
proline (30 mol %), p-TsOH (0.183 mmol), DIPEA (1 eq.), DMSO (2.0 mL), 150 °C, air

atmosphere, 10 h; Isolated yields.

To gain insight into the mechanism, a few control experiments were performed (Scheme 2B.7).
On reacting 8a, 2b and NaNs in the presence of Cul (20 mol %), L-proline (30 mol %), DIPEA (1
eq.) and p-TsOH (0.5 eq.) in DMSO at 120 °C for 3 h, 2-(2-azidophenyl)imidazo[1,2-a]pyridine
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(16a), 2-(imidazo[1,2-a]pyridin-2-yl)aniline (1a) and 4ab were obtained in 9%, 18% and 35%
yields, respectively (Scheme 2B.7a). The reaction of 16a with 2b under optimized reaction
conditions gave 4ab in 67% yield (Scheme 2B.7b). On the other hand, reaction of 1a with 2b in
the presence of Cul, L-proline and p-TsOH in DMSO at 150 °C resulted in the formation of 4ab
in 77%, While the yield of 4ab was 73% when performed in the absence Cul (Scheme 2B.7c),
indicating that Cul has no role in the second step of the reaction. The yield of 4ab reduced
significantly (54%) when the reaction of 8a, 2b, and NaN3z was performed under nitrogen keeping

other conditions same (Scheme 2B.7d).

=N
NaN; (1.5 eq.) « N\/)—Q
N Cul (20 mol %)

N
~ i 0 N3
“ N\/)—Q * Me@CHO L-proline (30 mol A,)= sab 350 + 162.9% .
Br p-TsOH (0.5 eq.) NN
8a 2b DIPEA (1 eq.), DMSO p
120 °C, 3 h, air N
HoN
=N Cul (20 mol %) 1a, 18%
. N\/)—Q . Me@CHO L-proline (30 mol %)= 4ab. 67% (b)
Ns p-TsOH (0.5 eq.)
16 DIPEA (1 eq.), DMSO
a 2b 150 °C, 7 h, air
=N
N/ p-TsOH (0.5 eq.) _
§ \)_Q . Me@CHO - 4ab ©)
H,N DMSO, 150 °C, 2 h, air
1a 2b In the presence of Cul/L-proline = 77%
Without Cul/L-proline = 73%
NaNj3 (1.5 eq.)
_ N Cul (20 mol %)
= L-proline (30 mol %
N/ + MG@CHO profine ( 2 4ab, 54% (d)
p-TsOH (0.5 eq.)
Br DIPEA (1 eq.), DMSO
8a 2b 150 °C,20 h, N,

Scheme 2B.7: Control experiments

Based on results of the control experiments and literature precedent,*8-2¢l a plausible mechanism
for the formation of 4 is depicted in Scheme 2B.8. Initially, copper-catalyzed SnAr reaction results
in the formation of 2-(2-azidophenyl)imidazo-[1,2-a]pyridine (16a) via intermediate A. Extrusion
of dinitrogen from 16a in the presence of copper and traces of moisture provides (2-(imidazo[1,2-
a]pyridin-2-ylaniline (1a). Intermediate 1a on reaction with aldehyde 2b gives the desired product

4ab via Pictet-Spengler cyclization in DMSO in the presence of p-TsOH. In this reaction,
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condensation of aldehyde 2b with la generates Schiff base B, which then undergoes an
intramolecular cyclization to afford cyclic intermediate C. Finally, intermediate C undergoes an
oxidative dehydrogenation under air to give 4ab as the final product (Scheme 2B.8).

= /N CUI/L = /N -CUI/L = /N
N7 P \ s N/
N
16a ®

Br L—cu'" NaNj NaBr

8a A Br
Cu-catalysed SyAr
Cu'/L, H,0
N,
=N N
Cf p-TsOH [© T pTsOH @ N
4ab ~———— | NN R N Tho | SNV
Oxidative N 2
dehydrogenation - 1a H2N H
! c - o
Me Me
Me 2b

Scheme 2B.8: Proposed mechanism of Cu(l)-catalyzed multicomponent reaction

2B.2.2 Biology
2B.2.2.1 Antibacterial activity

Quinoline derivatives are recognized to exhibit prominent antibacterial activity?’-3% so to
determine the antibacterial efficacy, synthesized compounds 4aa—4fd were tested against three
Gram-negative bacteria S. typhi, K. pneumoniae, and P. putida, or two Gram-positive bacteria B.
cereus and S. aureus (Table 2B.3). The activity in terms of minimal inhibitory concentrations
(MIC) and zone of inhibition (ZOl) of the compounds was determined in vitro using Streptomycin
as standard drug. The observed results from Table 2B.3 revealed that most of the compounds
effectively inhibit the growth of tested pathogenic strains in vitro. Compounds 4ae, 4ai, and 4cc
showed considerable antibacterial activity with MIC of 12.5 pg/mL as compared to all other tested

compounds against Gram-negative bacterial strains.
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Table 2B.3: In vitro antibacterial activity of pyrido[2',1":2,3]imidazo[4,5-c]quinolines (4).

S. typhi P. putida K. pneumonia B. cereus S. aureus
MIC ZOl MIC ZOl MIC  ZOl MIC ZOl MIC  ZOl
Compound
pg/ml mm pg/ml mm pg/ml mm pg/ml mm pg/ml mm
4aa 50 15 50 14 >25 14 50 15 50 14
4ab 100 13 100 13 100 13 >100 14 >100 14
4ac 50 15 >50 13 >50 13 50 14 50 13
4ad 100 15 50 15 50 14 50 13 50 13
4ae 125 18 125 18 25 15 >25 15 25 16
Aaf 150 15 150 14 150 14 - - - -
4ag 50 14 50 12 100 12 >50 12 >50 13
4ah 50 13 50 15 >25 13 100 13 100 13
4ai 125 18 125 18 25 15 25 15 >25 14
4ba 25 15 25 16 >25 16 25 16 25 17
4bb 50 15 50 13 >25 14 >25 14 50 15
4bc 100 14 >50 12 >50 15 >50 13 100 13
4bd 25 14 25 14 >25 13 50 14 50 15
4bj 50 12 50 13 >25 13 50 14 50 12
4bk 50 15 >50 14 >50 14 50 14 50 15
4ca 100 13 >50 14 100 14 50 14 50 14
4ch 50 14 >25 14 50 15 100 15 100 15
3cc 125 19 125 19 25 16 25 16 25 15
4ci - - - - - - - - - -
4dc 100 14 100 14 100 15 >100 14 >100 14
4di 100 13 100 14 100 14 - - - -
4eb 25 14 25 15 25 14 50 13 50 13
4ec 25 14 >25 15 50 14 50 14 50 14
4ei >25 14 50 16 >25 14 >25 14 >25 14
4fb 100 14 >50 14 >50 12 50 13 100 14
4fc 50 14 >25 12 50 13 50 14 >25 13
4fd >50 15 >25 15 25 14 >25 14 >50 14
Streptomycin 6.25 22 6.25 23 3.125 22 6.25 21 6.25 22

Zone of inhibition (ZOI in mm) and minimum inhibitory concentration (MIC, pg/mL) values for

a compound with significant activity are shown in bold.
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2B.2.2.2 Evaluation of cell death

The antibacterial activity gives useful information about the potential of chemically synthesized
compounds against a wide range of pathogenic bacterial strains. However, the cell death assay
provides better information about the killing efficacy of the compounds against the tested
pathogenic bacteria. Three most effective compounds 4ae, 4ai, and 4cc were selected to evaluate
the reduction of the bacterial population (S. typhi and P. putida) with time at 3 x MIC (Figure 2B
IB.4, A and B). Compounds (4ae, 4ai, and 4cc) resulted in >55% reduction in the population of
tested pathogenic bacteria after 4 h of incubation.

10 - = das 100 w das
20 4 A) S. typhi " 4o - B) P. putida ¥ dee
80 " da & " 4ai
70 4 70
- g ®
= 50 = o
i F
g 407 T w0
30 A EL]
20 20
10 4 10
0 [}
1 2 3 4 5 3 1 2 s N s 5

Time {h} Time |k}

Figure 2B.4: A) and B) Killing efficacy of 4ae, 4ali, and 4cc against S. typhi and P. putida,

respectively

The reduction in the population of the pathogenic bacteria was >85% for all the selected
compounds after 6 h of incubation. The killing efficiency of these compounds was slightly better
against S. typhi as compared to P. putida.

2B.2.2.3 Bactericidal kinetics

To explore the killing behavior of most effective compounds 4ae, 4ai, and 4cc, a kinetic study was
performed against S. typhi and P. putida at 3 x MIC (Figure 2B.5, A and B). The log phase culture
of both the bacterial strains is incubated with the compounds and change in optical density (ODsoo)
was observed at different time intervals (1-6 h). Untreated bacterial culture is taken as a control.
Significant reduction in the bacterial number is observed after 4 h of incubation. This indicates
that the compounds are active to inhibit the bacterial growth in a short time. Compound 4cc showed

the highest reduction of bacterial cells as compared to 4ae and 4ai.
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Figure 2B.5: A) and B) Kinetic study of 4ae, 4ai, and 4cc for inhibifion of bacterial growth of S.
typhi and P. putida, respectively

2B.2.2.4 Live dead cell screening

The bacterial cell death caused by most effective compounds 4ae, 4ai and 4cc were tested by dual
staining of acridine orange/ethidium bromide (AO/EB). For the assay, untreated as well as treated
S. typhi cells were stained with the mixture of AO/EB for 3 h. From the Figure 1B.7, it is evident
that AO enters inside the untreated living cells to emit green fluorescence whereas EB enters only
in the compromised cell membrane of dead cells to emit red fluorescence (Figure 2B.6). The
observed results illustrate that the tested compounds are capable of disrupting the cell membrane

integrity and causes cell death.

Figure 2B.6: Fluorescence images of S. typhi A) without treatment; B) on treatment with 4ae; C)

on treatment with 4cc; (D) on treatment with 4ai.
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12B.3 CONCLUSIONS

We have developed an efficient and straightforward protocol for the synthesis of
pyrido[2',1":2,3]imidazo[4,5-c]quinoline derivatives via copper catalyzed one-pot multicomponent
reaction of 2-(2-bromophenyl)imidazo[1,2-a]pyridines, aldehydes, and sodium azide. The
experimental procedure is simple and uses inexpensive copper catalyst and easily available starting
materials to give moderate to good yields of products. All the synthesized compounds were
evaluated for in-vitro antibacterial activities against three Gram-negative bacteria S. typhi, K.
pneumoniae, P. putida and two Gram-positive bacteria B. cereus, S. aureus. Among all screened
compounds, 4ae, 4ai, and 4cc exhibited moderate antibacterial activity against Gram-negative
bacteria S. typhi and P. putida. These compounds were further studied for cell death, bactericidal

kinetics, and live cell screening.
2B.4 EXPERIMENTAL SECTION

General information: Melting points were determined in open capillary tubes on an automated
melting point apparatus and are uncorrected. Reactions are monitored by using thin layer
chromatography (TLC) on 0.2 mm silica gel Fass plates. The chemical structures of the final
products were determined by their NMR and mass analysis. NMR spectra were recorded on Bruker
Ascend 400. Chemical shifts are reported in parts per million (ppm) using tetramethylsilane (TMS)
as an internal standard or deuterated solvent peak (CDCls and DMSO-dg). The HRMS data were
recorded on Agilent 6545 mass spectrometer with electrospray ionization and TOF mass analyzer.
2-(2-Bromophenyl)imidazo-[1,2-a]pyridine derivatives (8) are synthesized according to the
published procedure.®Y All other chemicals were obtained from the commercial suppliers and

used without further purification.

Representative procedure for synthesis of pyrido-[2',1":2,3]imidazo[4,5-c]quinoline
derivatives (4ab): A mixture of 2-(2-bromophenyl)imidazo[1,2-a]pyridine (8a) (0.366 mmol),
benzaldehyde (2b) (0.439 mmol), sodium azide (35 mg, 0.549 mmol), Cul (14 mg, 20 mol %), L-
proline (12 mg, 30 mol %), DIPEA (1.0 eq.) and p-TsOH (35 mg, 0.5 eq.) was stirred in DMSO
(2.0 mL) under air atmosphere at room temperature and then heated at 150 °C for 10 h. After
cooling to ambient temperature, the reaction mass was quenched with ice-cold aqueous solution
of NH4CI (30 mL), filtered through celite bed and washed with ethyl acetate (10 mL). Filtrate was

90



Chapter 2: Part-B

extracted with ethyl acetate (2 x 10 mL). Organic layers were combined, dried over anhydrous
Na>SO4 and concentrated under reduced pressure. Desired product 4ab was isolated by column
chromatography on silica gel (100-200 mesh) using ethyl acetate/hexane (30%, v/v) as eluent.

6-Phenylpyrido[2*,1':2,3]imidazo[4,5-c]quinoline (4aa)

Off white solid (70 mg, 65%); mp 207-209 °C (Lit.[*! 207-208 °C); H
NMR (400 MHz, CDClIs) ¢ 8.82 (dd, J = 8.0, 1.1 Hz, 1H), 8.33 (dd, J = 8.3,
0.4 Hz, 1H), 8.07 (dt, J = 7.0, 1.1 Hz, 1H), 7.95 (dt, J = 9.2, 1.1 Hz, 1H),
7.86 — 7.80 (m, 1H), 7.78 — 7.73 (m, 3H), 7.70 — 7.63 (m, 3H), 7.58 — 7.52
(m, 1H), 6.81 (td, J = 6.9, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) & 149.7,
148.2, 147.5, 145.0, 138.3, 130.0, 129.64, 129.62, 129.3, 128.9, 128.7, 127.2, 126.6, 122.6, 121.5,
120.5, 118.1, 112.0; HRMS calcd for C20H14N3 [M+H]" 296.1182, found 296.1194

6-(p-Tolyl)pyrido[2',1':2,3]imidazo[4,5-c]quinoline (4ab)
Off white solid (79 mg, 70%); mp 237-239 °C (Lit.[*®l 239-240 °C); H
NMR (400 MHz, CDCl3) § 8.81 (dd, J = 8.0, 1.1 Hz, 1H), 8.32 (d, J = 8.3
Hz, 1H), 8.14 (d, J = 7.0 Hz, 1H), 7.93 (d, J = 9.1 Hz, 1H), 7.85 — 7.78 (m,
1H), 7.78 —7.71 (m, 1H), 7.64 (d, J = 8.0 Hz, 2H), 7.57 — 7.51 (m, 1H), 7.46
Me (d, J = 7.8 Hz, 2H), 6.81 (t, J = 6.9 Hz, 1H), 2.54 (s, 3H); *C NMR (100
MHz, CDCl3) & 149.7, 148.4, 147.4, 145.1, 139.6, 135.5, 130.0, 129.9, 129.6, 128.8, 128.6, 127.3,
126.5,122.6,121.5,120.5, 118.0, 111.9, 21.5; HRMS calcd for C21H16N3 [M+H]* 310.1339, found
310.1347

N
Y

6-(4-Methoxyphenyl)pyrido[2*,1':2,3]imidazo[4,5-c]-quinoline (4ac)

Off white solid (75 mg, 63%); mp 233-235 °C (Lit.[*® 233-234 °C); H
NMR (400 MHz, CDCls) & 8.79 (dd, J = 8.0, 1.0 Hz, 1H), 8.31 (d, J = 8.3
Hz, 1H), 8.18 (d, J = 7.0 Hz, 1H), 7.93 (d, J = 9.1 Hz, 1H), 7.84 — 7.78 (m,
1H), 7.76 —7.71 (m, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.57 — 7.51 (m, 1H), 7.18
MeG (d, J = 8.6 Hz, 2H), 6.82 (td, J = 6.9, 1.0 Hz, 1H), 3.97 (s, 3H); 1*C NMR

(100 MHz, CDClI3) 6 160.7, 149.6, 148.1, 147.4, 145.1, 130.7, 130.2, 129.9, 129.5, 128.8, 127.3,
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126.4, 122.6, 121.4, 120.6, 118.0, 114.7, 111.9, 55.5; HRMS calcd for Co1H1eN3O [M+H]*
326.1288, found 326.1300.

6-(4-Chlorophenyl)pyrido[2',1':2,3]imidazo[4,5-c]quinoline (4ad)
Off white solid (70 mg, 58%); mp 255-257 °C; *H NMR (400 MHz, CDCls)
6 8.81(dd, J=8.0, 1.1 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.12 (d, J = 7.0 Hz,
1H), 7.96 (d, J=9.1 Hz, 1H), 7.86 — 7.80 (m, 1H), 7.79 — 7.74 (m, 1H), 7.74
—7.63 (M, 4H), 7.60 — 7.55 (m, 1H), 6.87 (td, J = 6.9, 1.0 Hz, 1H); *C NMR
Cl (100 MHz, CDCls) 6 149.7, 147.6, 146.9, 145.0, 136.8, 135.8, 130.3, 130.1,
129.6, 129.1, 127.0, 126.8, 122.7, 121.5, 120.3, 118.2, 112.2; HRMS calcd for C2oH13CIN3
[M+H]* 330.0793, found 330.0808.

N
Y

6-(4-Nitrophenyl)pyrido[2’,1":2,3]imidazo[4,5-c]quinoline (4ae)

Yellow solid (66 mg, 53%); mp 271-273 °C (Lit.** 285-286 °C); *H NMR
(400 MHz, CDCls) & 8.83 (dd, J = 8.0, 1.2 Hz, 1H), 8.55 (dt, J = 8.7, 1.9 Hz,
2H), 8.31 (dd, J=8.2,0.7 Hz, 1H), 8.05 (dt, J=7.0, 1.0 Hz, 1H), 8.02 — 7.96
(m, 3H), 7.88 — 7.84 (m, 1H), 7.82 — 7.8 (m, 1H), 7.62 — 7.58 (m, 1H), 6.89
(td, J=6.9, 1.2 Hz, 1H); *3C NMR (100 MHz, CDCl3) § 149.9, 148.6, 147.8,
145.4, 144.9, 144.6, 130.3, 130.2, 129.7, 129.4, 127.3, 126.7, 124.5, 122.8, 121.6, 120.0, 118.5,
112.6; HRMS calcd for C20H13N4O2 [M+H]" 341.1033, found 341.1039.

6-(3-Nitrophenyl)pyrido[2',1':2,3]imidazo[4,5-c]quinoline (4af)
Yellow solid (68 mg, 55%); mp 219-221 °C; *H NMR (400 MHz, CDCls)

1H), 8.31 (dd, J = 8.4, 0.8 Hz, 1H), 8.16 — 8.13 (m, 1H), 8.06 (d, J= 7.0
Hz, 1H), 8.00 (d, J = 9.2 Hz, 1H), 7.91 — 7.84 (m, 2H), 7.82 — 7. 80 (m,
1H), 7.63 — 7.58 (m, 1H), 6.89 (td, J = 6.9, 1.1 Hz, 1H); 3C NMR (100
MHz, CDCl3) § 149.9, 148.7, 147.9, 145.1, 144.9, 140.1, 134.9, 130.4, 130.3, 129.6, 129.4, 127.3,
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126.6, 124.4, 124.2, 122.8, 121.6, 120.1, 118.5, 112.6; HRMS calcd for C2H13N4O2 [M+H]"
341.1033, found 341.1040.

6-(2-Nitrophenyl)pyrido[2’,1':2,3]imidazo[4,5-c]quinoline (4ag)

Yellow solid (56 mg, 45%); mp 219-221 °C; 'H NMR (400 MHz, CDCls) &
8.84 (dd,J=7.8, 1.4 Hz, 1H), 8.38 (dd, J =8.2, 1.1 Hz, 1H), 8.23 - 8.22 (m,
1H),7.98 (dt, J=9.2,1.2 Hz, 1H), 7.92 (td, J = 7.5, 1.3 Hz, 1H), 7.86 — 7.84
(m, 1H), 7.82 (dt, J = 9.1, 1.8 Hz, 1H), 7.72 — 7.76 (m, 1H), 7.71 (dd, J =
7.5, 1.4 Hz, 1H), 7.68 (dt, J = 7.0, 1.0 Hz, 1H), 7.58 — 7.53 (m, 1H), 6.81 (td, J = 6.9, 1.1 Hz 1H);
13C NMR (100 MHz, CDCls3) & 149.6, 148.1, 147.0, 144.8, 144.2, 134.4, 133.5, 131.7, 130.7,
130.1, 129.5, 129.1, 127.1, 125.9, 125.3, 122.8, 121.8, 120.8, 118.3, 112.7; HRMS calcd for
C20H13N4O2 [M+H]* 341.1033, found 341.1039.

6-(3,4,5-Trimethoxyphenyl)pyrido[2',1':2,3]-imidazo[4,5-c]quinoline (4ah)
N Off white solid (92 mg, 65%); mp 244-245 °C; 'H NMR (400 MHz,
% CDCls) 6 8.80 (dd, J = 7.6, 0.8 Hz, 1H), 8.32 (d, J = 8.2 Hz, 1H), 8.13 (d,
N J=7.0Hz, 1H), 7.95 (d, J = 9.1 Hz, 1H), 7.84 — 7.80 (m, 1H), 7.77 - 7.73
(m, 1H), 7.59 — 7.54 (m, 1H), 6.94 (s, 2H), 6.87 (t, J = 6.5 Hz, 1H), 3.98

Med  OMe (s, 3H), 3.92 (s, 6H); 1*C NMR (100 MHz, CDCl3) § 154.1, 149.7, 147.9,
147.4,144.9, 138.9, 133.6, 130.1, 129.5, 129.02, 127.4, 126.7, 122.7, 121.5, 120.3, 118.0, 112.2,

105.5, 61.1, 56.3; HRMS calcd for C23H20N303 [M+H]" 386.1499, found 386.1514.

Pyrido[2',1":2,3]imidazo[4,5-c]quinoline (4ai)

NN Off white solid; 46 mg (57%); mp 253-255 °C; *H NMR (400 MHz, DMSO-

@“/{@ ds) 6 9.77 (s, 1H), 9.31 (d, J = 6.7 Hz, 1H), 8.60 (d, J = 7.7 Hz, 1H), 8.16 (d,
—N J =82 Hz, 1H), 7.86 (d, J = 9.1 Hz, 1H), 7.74 (t, J = 7.1 Hz, 1H), 7.71 -

7.62 (m, 2H), 7.17 (t, J = 6.7 Hz, 1H); °C NMR (100 MHz, DMSO-ds + CDCls) & 149.1, 145.9,

93



Chapter 2: Part-B

145.7,137.9, 131.2, 129.8, 128.4, 127.6, 126.6, 122.7, 122.1, 117.5, 112.9; HRMS calculated for
C14H10N3 [M+H]" 220.0869, found 220.0876.

11-Methyl-6-phenylpyrido[2',1':2,3]imidazo[4,5-c]quinoline (4ba)

Off white solid (75 mg, 70%); mp 234-236 °C (Lit.[* 234-235 °C); H
NMR (400 MHz, CDCl3) & 8.88 (dd, J = 8.0, 1.2 Hz, 1H), 8.33 (d, J = 8.2
Hz, 1H), 7.92 (d, J = 6.9 Hz, 1H), 7.83 - 7.79 (m, 1H), 7.78 — 7.69 (m, 3H),
7.70 — 7.58 (m, 3H), 7.34 (dt, J = 6.9, 1.3 Hz, 1H), 6.71 (t, J = 6.9 Hz, 1H),
2.85 (s, 3H); 3C NMR (100 MHz, CDClg) & 150.3, 148.3, 147.2, 144.7,
138.1, 129.6, 129.3, 129.3, 128.82, 128.79, 128.5, 128.1, 126.4, 124.9, 122.9, 121.6, 120.9, 112.0,
17.7; HRMS calcd for C21H16N3 [M+H]* 310.1339, found 310.1349.

11-Methyl-6-(p-tolyl)pyrido[2°,1":2,3]imidazo[4,5-c]-quinoline (4bb)

Off white solid (84 mg, 75%); mp 229-230 °C; *H NMR (400 MHz, CDCls)
5 8.86 (dd, J=8.0, 1.2 Hz, 1H), 8.31 (d, J = 8.2 Hz, 1H), 7.99 (d, J = 6.9 Hz,
1H), 7.83 — 7.77 (m, 1H), 7.76 — 7.69 (m, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.45
(d, J = 7.8 Hz, 2H), 7.36 — 7.30 (m, 1H), 6.71 (t, J = 6.9 Hz, 1H), 2.85 (s,
3H), 2.54 (s, 3H); 13C NMR (100 MHz, CDCl3) § 150.2, 148.5, 147.1, 144.9,
139.5, 135.4, 129.9, 129.4, 128.7, 128.3, 128.0, 126.2, 125.0, 122.8, 121.6,
121.0,111.8, 21.5, 17.7; HRMS calcd for C22H1sN3 [M+H]* 324.1495, found 324.1503.

6-(4-Methoxyphenyl)-11-methylpyrido[2',1':2,3]-imidazo[4,5-c]quinoline (4bc)

Off white solid (77 mg, 65%); mp 188-190 °C; *H NMR (400 MHz, CDCls)
08.87 (d, J=7.9 Hz, 1H), 8.31 (d, J = 8.3 Hz, 1H), 8.05 (d, J = 7.0 Hz, 1H),
7.81—7.78 (m, 1H), 7.73 (t, J = 7.1 Hz, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.35
(d, J = 6.8 Hz, 1H), 7.18 (d, J = 8.6 Hz, 2H), 6.74 (t, J = 6.9 Hz, 1H), 3.97 (s,
3H), 2.86 (s, 3H). *°C NMR (100 MHz, CDCls) 6 160.9, 149.1, 147.8, 147.6,

94



Chapter 2: Part-B

144.2, 133.5, 130.4, 129.0, 128.8, 126.5, 125.0, 122.6, 121.9, 121.3, 120.3, 117.3, 114.6, 55.6,
18.5; HRMS calcd for C22H1sN30 [M+H]" 340.1444, found 340.1459.
6-(4-Chlorophenyl)-11-methylpyrido[2’,1":2,3]-imidazo[4,5-c]quinoline (4bd)

Off white solid (72 mg, 61 %); mp 269-270 °C; *H NMR (400 MHz, CDCls)
0 8.85(dd, J=8.0,1.1 Hz, 1H), 8.28 (d, J = 7.8 Hz, 1H), 7.94 (d, J = 6.9 Hz,
1H), 7.84 — 7.77 (m, 1H), 7.76 — 7.69 (m, 3H), 7.68 — 7.61 (m, 2H), 7.38 —
7.30 (m, 1H), 6.74 (t, J = 6.9 Hz, 1H), 2.84 (s, 3H); 3C NMR (100 MHz,
CDClz) & 150.3, 147.2, 146.9, 144.8, 136.8, 135.7, 130.3, 129.5, 129.4,
128.8, 128.5, 128.2, 126.5, 124.7, 122.8, 121.7, 120.7, 112.1, 17.7; HRMS
calcd for Co1HisCIN3 [M+H]* 344.0949, found 344.0959.

11-Methyl-6-(thiophen-2-yl)pyrido[2',1':2,3]-imidazo[4,5-c]quinoline (4bj)

Off white solid (78 mg, 71%); mp 215-217 °C; *H NMR (400 MHz, CDCls)
5 8.86 (dd, J=8.0, 1.2 Hz, 1H), 8.30 (d, J = 8.1 Hz, 1H), 8.25 (d, J = 7.0 Hz,
1H), 7.82 - 7.78 (m, 1H), 7.76 — 7.72 (m, 1H), 7.66 (dd, J = 5.2, 1.2 Hz, 1H),
7.51-7.47 (m, 1H), 7.36 (dt, J =6.9, 1.2 Hz, 1H), 7.33 -7.31 (m, 1H), 6.79
(t, J=6.9 Hz, 1H), 2.85 (s, 3H); *C NMR (100 MHz, CDCl3) § 150.3, 147.2,
144.8, 141.6, 139.6, 129.52, 128.8, 128.5, 128.3, 128.2, 128.1, 127.6, 126.7, 125.0, 122.8, 121.8,
121.3, 112.0, 17.7; HRMS calcd for C19H14N3S [M+H]" 316.0903, found 316.0913.

11-Methyl-6-(pyridin-2-yl)pyrido[2’,1':2,3]imidazo[4,5-c]quinoline (4bk)

Light brown solid (60 mg, 55%); mp 231-233 °C; *H NMR (400 MHz,
CDCl3) 6 8.90 (dd, J =8.0, 1.2 Hz, 1H), 8.88 — 8.85 (m, 1H), 8.82 (d,J =7.0
Hz, 1H), 8.31 (d, J = 8.0 Hz, 2H), 8.06 (td, J =7.7, 1.8 Hz, 1H), 7.84 — 7.79
(m, 1H), 7.78 — 7.73 (m, 1H), 7.57 — 7.53 (m, 1H), 7.38 (dt, J = 6.8, 1.3 Hz,
1H), 6.82 (t, J = 6.9 Hz, 1H), 2.86 (s, 3H); 3C NMR (100 MHz, CDCls) &
157.3, 150.5, 148.6, 148.0, 146.7, 144.6, 137.8, 129.5, 128.7, 128.6, 127.6,
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127.4, 126.8, 125.4, 124.4, 123.0, 122.1, 121.3, 111.5, 17.7; HRMS calcd for CooH1sN4 [M+H]*
311.1291, found 311.1303.

10-Methyl-6-phenylpyrido[2’,1':2,3]imidazo[4,5-c]-quinoline (4ca)
Me Off white solid (73 mg, 68%); mp 223-225 °C;'H NMR (400 MHz,

(d, J = 7.1 Hz, 1H), 7.83 — 7.78 (m, 1H), 7.77 — 7.71 (m, 3H), 7.68 (s,
1H), 7.67 — 7.62 (m, 3H), 6.62 (dd, J = 7.1, 1.5 Hz, 1H), 2.50 (s, 3H):
13C NMR (100 MHz, CDCl3) § 150.3, 147.9, 147.8, 145.1, 141.6, 138.4,
129.6, 129.5, 129.3, 128.7, 126.4, 126.2, 122.6, 121.5, 120.4, 116.3, 114.7, 21.8; HRMS calcd for
Ca1H16Ns [M+H]* 310.1339, found 310.1345.

10-Methyl-6-(p-tolyl)pyrido[2°,1':2,3]imidazo[4,5-c]-quinoline (4cb)

Off white solid (78 mg, 70%); mp 240-241 °C; *H NMR (400 MHz,
CDCl3) 6 8.77 (d,J = 7.6 Hz, 1H), 8.29 (d, J=8.3 Hz, 1H), 7.98 (d, J =
7.1 Hz, 1H), 7.78 (t, J = 7.0 Hz, 1H), 7.71 (t, J = 7.3 Hz, 1H), 7.66 (s,
1H), 7.63 (d, J = 7.9 Hz, 2H), 7.44 (d, J = 7.7 Hz, 2H), 6.61 (d, J = 6.1
Hz, 1H), 2.53 (s, 3H), 2.47 (s, 3H); **C NMR (100 MHz, CDCls) &
150.2, 148.1, 147.5, 145.0, 141.6, 139.5, 135.4, 129.9, 129.5, 128.7,
128.6, 126.3, 126.2, 122.6, 121.4, 120.4, 116.2, 114.6, 21.8, 21.5; HRMS calcd for C2H1sN3
[M+H]* 324.1495, found 324.1508.

6-(4-Methoxyphenyl)-10-methylpyrido[2',1":2,3]-imidazo[4,5-c]quinoline (4cc)

Me Off white solid (76 mg, 64%); mp 248-250 °C; 'H NMR (400 MHz,
CDCl3) 5 8.76 (d,J =7.9 Hz, 1H), 8.28 (d, J =8.3 Hz, 1H), 8.03 (d, J =
7.1 Hz, 1H), 7.81 - 7.75 (m, 1H), 7.74 — 7.63 (m, 4H), 7.16 (d, J = 8.6
Hz, 2H), 6.62 (dd, J = 7.1, 1.3 Hz, 1H), 3.96 (s, 3H), 2.48 (s, 3H); 3C
NMR (100 MHz, CDCls) 6 160.6, 150.2, 147.8, 147.6, 145.1, 141.5,
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130.7, 130.2, 129.4, 128.7, 126.3, 126.2, 122.6, 121.4, 120.5, 116.2, 114.64, 114.61, 55.5, 21.8;
HRMS calcd for C22H1sN3O [M+H]* 340.1444, found 340.1459.

10-Methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline (4ci)
Me_~_N Off white solid (49 mg, 60%); mp 243-245 °C; 'H NMR (400 MHz,
\Q\T\/{j@ CDClz) 6 9.41 (s, 1H), 8.70 (d, J = 7.6 Hz, 1H), 8.53 (d, J = 6.9 Hz, 1H),
=N 8.25(d, J=8.2 Hz, 1H), 7.79 — 7.74 (m, 1H), 7.71 (t, J = 7.3 Hz, 1H),
7.61 (s, 1H), 6.85 (dd, J = 6.8, 0.8 Hz, 1H), 2.51 (s, 3H); **C NMR (100 MHz, CDCls) & 149.7,
146.7, 145.7, 142.1, 135.4, 129.7, 128.4, 126.6, 124.3, 122.7, 116.4, 115.3, 22.0; HRMS calcd for
C1sH12N3 [M+H]" 234.1026, found 234.1034.

6-(4-Methoxyphenyl)-9-methylpyrido[2',1':2,3]-imidazo[4,5-c]quinoline (4dc)
Pale Yellow solid (77 mg, 65%); mp 270-272 °C; *H NMR (400 MHz,
CDCl3) 6 8.75 (d, J = 8.0 Hz, 1H), 8.38 (d, J = 8.2 Hz, 1H), 7.97 (s, 1H),
7.85—-7.76 (m, 2H), 7.76 — 7.68 (m, 3H), 7.40 (dd, J = 9.2, 1.3 Hz, 1H),
7.18 (d, J = 8.6 Hz, 2H), 3.97 (s, 3H), 2.25 (s, 3H); C NMR (100 MHz,
MeO CDClI3) 6 160.9, 149.1, 147.8, 147.6, 144.2, 133.5, 130.4, 129.0, 128.8,
126.5, 125.0, 122.6, 121.9, 121.3, 120.3, 117.3, 114.6, 55.6, 18.5; HRMS calcd for C22H1sNz0O
[M+H]" 340.1444, found 340.1452.

9-Methylpyrido[2',1":2,3]imidazo[4,5-c]quinoline (3di)
_~N Off white solid (46 mg, 57%); mp 228-230 °C; 'H NMR (400 MHz,
MG/CN(\/CQ CDCl3) 8 9.28 (s, 1H), 8.62 (d, J = 7.7 Hz, 1H), 8.26 (s, 1H), 8.19 (d, J =
—N 8.2 Hz, 1H), 7.72 (t, J = 7.0 Hz, 1H), 7.67 — 7.64 (m, 2H), 7.29 — 7.25 (m,
1H), 2.30 (s, 3H); *C NMR (100 MHz, CDCl3) & 148.0, 146.1, 145.5, 135.6, 133.4, 129.6, 128.3,
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126.6, 122.7, 122.6, 122.5, 122.0, 121.7, 117.1, 18.1; HRMS calcd for CisHi2Ns [M+H]*
234.1026, found 234.1036.

9-Chloro-6-(p-tolyl)pyrido[2',1":2,3]imidazo[4,5-c]-quinoline (4eb)

NN Off white solid (68 mg, 61%); mp 212-214 °C; *H NMR (400 MHz,

o XN % CDCl3) 5 8.78 (dd, J = 8.0, 1.1 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.19
N (d, J=1.2 Hz, 1H), 7.89 (dd, J = 9.6, 0.6 Hz, 1H), 7.85 — 7.80 (m, 1H),

7.78 —7.73 (m, 1H), 7.65 (d, J = 8.0 Hz, 2H), 7.53 — 7.48 (m, 3H), 2.56

M (s, 3H); C NMR (100 MHz, CDCls) & 148.3, 147.8, 147.7, 145.1,

140.1, 134.8, 131.1, 130.1, 129.7, 129.1, 128.5, 126.8, 125.2, 122.6, 121.4, 120.5, 119.9, 118.3,
21.6; HRMS calcd for C21H1sCIN3 [M+H]" 344.0949, found 344.0959.

9-Chloro-6-(4-methoxyphenyl)pyrido[2',1":2,3]-imidazo[4,5-c]quinoline (4ec)
Off white solid (64 mg, 55%); mp 298-300 °C (Lit.[*51 298-299 °C); *H
NMR (400 MHz, CDCl3) 6 8.77 (d, J = 7.7 Hz, 1H), 8.31 (d, J = 8.1 Hz,
1H), 8.24 (bs, 1H), 7.88 (d, J = 9.5 Hz, 1H), 7.83 (t,, 7.8 Hz, 1H), 7.78
— 7.67 (m, 3H), 7.51 (d, J = 9.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H), 3.99
MeG (s, 3H); **C NMR (100 MHz, CDCl3) & 161.0, 148.0, 147.7, 146.4,
145.1, 137.6, 131.1, 130.1, 129.6, 129.1, 126.7, 125.2, 122.4, 121.3, 119.9, 118.3, 114.8, 109.4,
54.1; HRMS calcd for C21H15CIN3O [M+H]* 360.0898, found 360.0910.

9-Chloropyrido[2',1':2,3]imidazo[4,5-c]quinoline (4ei)

N Off white solid (42 mg, 51%); mp 260-262 °C; *H NMR (400 MHz,

CI/@I/\/CQ CDCI3) 6 9.49 (s, 1H), 8.79 (d, J = 1.1 Hz, 1H), 8.74 (dd, J = 8.0, 1.2

=N Hz, 1H), 8.30 (d, J = 7.9 Hz, 1H), 7.90 (dd, J = 9.7, 0.6 Hz, 1H), 7.86 —

7.81 (m, 1H), 7.80 — 7.75 (m, 1H), 7.59 (dd, J = 9.7, 2.0 Hz, 1H); 3C NMR (100 MHz, CDCl3) §

147.3, 146.8, 145.8, 135.7, 131.6, 129.9, 129.0, 127.2, 123.3, 122.7, 122.0, 120.9, 118.6; HRMS
calcd for C14HoCIN3 [M+H]* 254.0480, found 254.0492.

2-(2-Azidophenyl)imidazo[1,2-a]pyridine (16a)
Colorless oil (38 mg, 9%); *H NMR (400 MHz, DMSO-ds) & 11.87 (s, 1H),

=N
~ N\/)_Q 9.37 (d, J = 6.6 Hz, 1H), 8.27 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 9.0 Hz, 1H),

N3 7.71(t, 3 =7.7 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H),
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7.35 (t, J = 7.3 Hz, 1H), 7.28 (t, J = 6.7 Hz, 1H); 3C NMR (100 MHz, DMSO-de) & 156.0, 148.9,
147.6, 138.0, 130.4, 130.0, 128.0, 123.2, 122.7, 117.3, 116.8, 116.0, 114.3.

2-(Imidazo[1,2-a]pyridin-2-yl)aniline (1a)
Off white solid (69 mg, 18 %); mp 126-128 °C; 'H NMR (400 MHz,
s N—Z DMSO-ds + CDCl3) 6 8.53 (d, J = 6.7 Hz, 1H), 8.31 (CDClz3), 8.29 (s, 1H),
HaN 7.62 —7.54 (m, 2H), 7.28 — 7.22 (m, 1H), 7.05 — 6.99 (m, 1H), 6.94 — 6.89
(m, 1H), 6.75 (dd, J = 8.1, 0.7 Hz, 1H), 6.60 (bs, 2H), 6.57 (d, J = 7.0 Hz, 1H); *C NMR (100
MHz, DMSO-ds + CDCl3) 6 147.1, 146.2, 144.0, 128.9, 128.1, 126.8, 124.9, 116.6, 116.5, 116.0,
115.6, 112.8, 109.2.

2B.4.1 Biological studies

MIC, ZOC, bactericidal and Cell death were determined by following the standard method
reported in literature.[22-3
Antibacterial activity: The synthesized compounds were tested for antibacterial activity against
the three Gram-negative bacteria S. typhi, K. pneumoniae, P. putida, and twoGram-positive
bacteria B. cereus, S. aureus. The activity of the compounds in terms of minimal inhibitory
concentrations (MIC) and zone of inhibition (ZOI) was determined in vitro. For activity assay,
Muller-Hilton (Himedia, India) agar medium was sterilized by autoclaving and poured into sterile
glass petri-dishes under aseptic conditions using a laminar air flow chamber. After solidification
of the medium, suspension of each pathogenic microorganism (10’ CFU/mL) was spread onto the
individual media plates using a sterile glass spreader. Following adsorption of bacterial
suspension, well the size of 6 mm diameter was made by the sterile metallic borer, and the solution
of the working compound of different concentration was poured into the wells. The plates were
incubated at 37 °C for 18-24 h under dark conditions. The determination as to whether the
organism is susceptible, intermediate or resistant was made by measuring the size of the zone of
inhibition in comparison with the standard antibiotic. For MIC assay, tested compounds were
dissolved in dimethyl sulfoxide (DMSQO), and serial dilution of each compound was prepared in
the concentrations of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56 ug/mL. For the MIC assay, serially
diluted test samples of each compound (75 pL) were added in 96 well micro-trays. The same
amount of each pathogenic microorganism was added to micro-trays well under the aseptic

condition and incubated at 37 °C for 24 h. A control test with solvent DMSO at the same dilution
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was also used to ensure that the solvent did not affect bacterial growth. All assays were performed
in duplicate sets. A broad spectrum antibiotic streptomycin effective against Gram positive and
Gram negative bacterium was used as positive control.

Bactericidal kinetics: Glass test tubes containing 400 ul of nutrient broth is sterilized, and after
cooling at room temperature, 50 pl of freshly grown bacterial culture S. typhi and P. putida of 10’
CFU ml* was added (3 tubes for single concentration). Afterward, 50 pl of selected compounds
4ae, 4ai and 4cc corresponding to 3 x MIC was added to each tube and incubated at 37 °C at
different time intervals from 1-6 h with constant shaking speed at 150 rpm. Following incubation,
the absorbance of the cultures was taken at 600 nm in a UV-visible spectrophotometer (Jasco
Corporation, Japan). The experiment was repeated in triplicates and value was shown as mean *
SD.

Cell death assay: The testing culture of S. typhi and P. putida were treated with compounds 4ae,
4al, and 4cc at concentration 3 x MIC and kept for incubation for 1 to 6 h. After treatment, 100
ML of 10-fold cell dilution were spread onto LB-agar plates and left to grow overnight at 37 °C.
Bacterial colonies were counted by colony counter and compared with those of control plates to
calculate changes in cell-growth after compound treatment. For control, isotonic saline solution
was used in place of the selected compound. All treatments were performed in triplicate sets and
repeated at least in thrice independent experiments. The % death rate was calculated by the
following formula: Death rate (%) = (Bacterial no. in control- Bacterial no. after compound
treatment)/ Bacterial no. in control

Live/dead cell assay: To discriminate the live and dead bacterial cells, the overnight grown culture
of P. putida (10 cfu/mL) was treated with selected compounds at 3 x MIC for 3 h. The working
solution of acridine orange (AO, 15 pug/mL) and ethidium bromide (EB, 50 pg/mL) were prepared
in the PBS buffer (1x pH 7.2). After the compounds treatment, 5 uL each of AO and EB was added
to 500 pL of S. typhi culture. The suspension was centrifuged at 5,000 g for 10 min, and the
supernatant was discarded. The cell pellet was washed with 1 x PBS buffer three times to remove
any traces of unbound dyes. The washed cell pellet was streaked on the glass slide with a cover

slip on top of it and viewed under an epi-fluorescence microscope (Olympus-CKX41, Olympus,
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Japan) at an intensity between 450 and 490 nm using the 100X objective lens and 10X eyepiece

lens.
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2C.1 INTRODUCTION

Quinazolinone is an important structural motif which has been found in more than 150 natural
products isolated from a variety of plants, microorganism, and animals.l®1 These natural products
have exhibited a wide variety of biological activity for example Rutaecarpine isolated from fruit
of Chinese and Korean plant Euodia ruticarpa inhibited the COX-2 enzyme responsible for
inflammation and rheumatism,”! Luotonin A isolated from Peganum nigellastrum used in the
treatment of rheumatism,® and Tryptanthrin isolated from plant Isatis tinctoria also act as COX-
2 inhibitor. Apart from naturally occurring quinazolinones, various quinazolinones derivatives
have been extracted from a microorganism such as Schizocommunin isolated from the liquid
culture medium of Schizophyllum commune. Schizocommunin has exhibited significant cytotoxic
activity against murine lymphoma cells.®l Auranthine (2) has isolated from Penicillium
aurantiogriseum and used as an anticancer agent (Figure 2C.1).12%

0 0 o
N N N
HN N= O

Rutaecarpine Luotonin A Tryptanthrin
Q 0
—~
Lo O o
~
N o NG
N
H CN
Schizocommunin Auranthine (2)

Figure 2C.1: Selected examples of a natural product containing quinazolin-4(3H)-one

Quinazolinone has attracted considerable attention of the scientific community due to their
excellent pharmaceutical and biological profile. Several quinazolinones derivatives have been
shown to exhibit antiviral, anticancer, antifungal, antimalarial, antihistamine, and antimicrobial
activity.[> 111 Quinazolin-4(3H)-one based marketed drugs Afoqualone used in epileptic therapy,

Raltitrexed Thymitaq are used for the treatment of cancer (Figure 2C.2).1*1. 28l
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H N
COOH H,N" N
Raltitrexed Afloqualone Thymitaq

Figure 2C.2: Quinazolin-4(3H)-one based drugs and synthetic bioactive compounds

A great focus has been on the development of a synthetic method for quinazolinones because of
wide range biological and pharmaceutical activities shown by these compounds. A summary of

synthetic methods for quinazolinones is presented below.

2C.1.1 Synthesis of quinazolinones from 2-aminobenzamides

Generally, quinazolinone derivatives are prepared using 2-aminobenzamides (anthranilamides) (1)
as the most typical starting material.[>¢:17- 1% Dabiri group reported the synthesis of quinolinones
derivatives (3) by using the mixture of AICIs and ZnCl. supported on silica gel from 2-
aminobenzamides (1) and ortho ester (2) under conventionally and microwave heating (Scheme
2C.1).[2% |_ater on, Threadgill and coworkers also reported the metal-free synthesis of quinazolin-

4(3H)-ones (3) using 2-aminobenzamides and orthoamides.?!

o o]
1 N,R2 AOI%IZ/Z/n1CZI2-Si02| N’R2
. .2 Mmmo 1
R H +  R3—C(OEt) (0.049 ) R L
NH; 80°C, 2-3.5h N~ "R3
1 2 or
210-385 W, 6 min, zW
R'=H 10 examples
R?=H, Ph, 4-MeCgHy, 4-CICgH,, n-Bn Yields: 71-82%

R3 = H, Me, Et, n-Pr, n-Bu, Ph

Scheme 2C.1: Synthesis of quinazolinones by AICl3/ZnCl»-SiO>
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Cheon et al. disclosed a metal-free synthesis of quinazolinones (3) in good to excellent yields (38-
98%) in DMSO from 2-aminobenzamides (1) and aldehydes (4) under aerobic condition. In this
reaction, DMSO acted as oxidant as well as solvent media (Scheme 2C.2).[?%

Q o)
R? R
R N DMSO, 100 °C R N”
* R8—CHO PIY
NH; 18-48 h NT OR?
1 4 open flask 3
R'=H 33 examples
R2 = H, Ph, 4-MeCgH,, 4-OMeCgH,, 4-CICgH,4 Yields: 38-98%

2-furyl, 2-thienyl, n-hexyl
R3 = H, Ph, 4-MeCgH,4, 4-OMeCgH,, 4-FCgH,4
2-thienyl, 2-naphthyl, n-hexyl

Scheme 2C.2: Metal-free synthesis of quinazolin-4(3H)-ones from 2-aminobenzamides and
aldehydes

Zhao and co-workers described the metal-free synthesis of quinazolinone derivatives (3) by the
reaction of anthranilamides (1) with various aldehydes (4) in the presence of p-toluenesulfonic
acid (p-TsOH) and phenyliodine diacetate (Scheme 2C.3).[2%l This reaction proceeds in one-pot
two steps; the first condensation took place between anthranilamides and aldehydes catalyzed by
p-TsOH. Second, phenyliodine diacetate (PIDA) mediated cross dehydrogenative coupling
produced quinazolinone derivatives. Various substituents either on 2-aminobenzamides or

aldehydes transformed into corresponding products smoothly in good to excellent yields (42-95%).
o}

o]
_R2 (i). p-TsOH (5 mol %) R2
" N THF, rt, 10 min : N’
H +  R®-CHO R PIg
NH, N~ "R3
3

(ii). PhI(OAC), (5 mol %)
1 4 1h

R' = H, 3-Me, 4-OMe, 4-F, 4-NO,, 5-Br 25 examples
’ ’ ) ) 2 Y|e|dSZ 47'95%

R? = H, Ph, n-Bn, Me, OMe, OBn
R3 = Ph, 2-M906H4, 4-MeCGH4, 4-OMeC6H4, 4-FCGH4, 4-C|C6H4
4-CF3CgHy4, 2-thienyl, 2-naphthyl, 2-furyl, n-Pr

Scheme 2C.3: Synthesis of quinazolinones in the presence of p-TsOH and PIDA
Wang group developed a new protocol for the synthesis of 3-substituted quinazolinones (6) by
using anthranilamides (1) and dicumyl peroxides (DCP) (5) under copper catalysis (Scheme

2C.4).24 In the developed method DCP (5) acted as methyl source as well as an oxidant in the

reaction. The reaction proposed to proceed through first thermally homolytic cleavage of DCP (5)
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to generate tert-butoxy radical which subsequently used for N-methylation of anthranilamide

followed by Csp®-H amidation. Finally, oxidation of dihydroquinazolinone by DCP afforded
desired products (6).

N,R2 o Ph Cu(OAc), H,0 (20 mol %) N’R2

1 N .

R H 4 Ph (0] Imidazole (2 eq.) R! )
NH, N

—
PhCI, 120 °C, 10 h
1 5 6
R' = H, 5-Me, 5-F, 5-Cl, 5-NO, Ygfslde>§a3r751pée2§/
R? = Ph, 2-MeCgHy, 2-CICgH,, 2-CF3CgH,, 3-CF3CgHy ields: 35-82%

4-MeCgHy, 4-OMeCgHy, 4-CICgH4, 2-naphthyl, Bn, Cy, n-Bu

Scheme 2C.4: Cu(ll)-catalyzed synthesis of quinazolinones using DCP as C-source

Zhao group also disclosed a DTBP-mediated synthesis of 2-aryl-quinazolin-4(3H)-ones (9) and
quinazolinones (6) through dual amination of benzylic C-H bond from commercially readily
accessible substrates 2-amino benzamides and methylarenes (7) or DMA (8) (N, N-
dimethylacetamide) under acidic conditions in DMSO (Scheme 2C.5).[?%1 The possible radical-
mediated mechanism was proposed based on control experiments such as radical scavengers BHT
(2,6-di-tert-butyl-4-methylphenol) or TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl).

0
Ar-Me 7 N/R2
Q N" DAr
2
1 N-R DTBP (3 eq.) 9
R H p-TsOH (2 eq.) 24 examples
NH, Q

) . 5”200
DMSO, 110 °C, 20 h )J\ Me Yields: 26-89%
1 Me N
| 8 o)
Me 5
_R
N,N-Dimethylacetamide 1 N
R'=H, 6-Me, 6-Cl, 7-OMe, 7-F - R B
R? = H, Ph, 1-naphthyl, 3-MeCgH,4, 4-CICgH4, Bn, Me, n-Pr N
Ar = Ph, 2-MeCgH,4, 4-MeCgH,, 4-OMeCgHy, 4-FCgH,4 6

4-CICgHy4, 4-CF3CgHy4, 2-thienyl, 2-naphthyl 14 examples

Yields: 30-92%
Scheme 2C.5: Formation of quinazolin-4(3H)-ones using DMA and methylaryl as C-source

Han and coworkers applied Cu(l)-catalyzed aerobic oxidative amination (CDC) approach for the
synthesis of 2-heteroarylquinazolin-4(3H)-ones (11) from easily available 2-aminobenzamides (1)
and heteroarylmethanes (10) under O atmosphere (Scheme 2C.6).%81 In this strategy, three sp®

108



Chapter 2: Part-C

C-H and three N-H bonds were eliminated to produce medicinally interesting 2-

hetarylquinazolin-4(3H)-ones (11).

O 0
_R? CuCl (15 mol %) R2
RL@\)\ N L X\_Me Ph,PO,H (50 mol %) R N
N > 7
) NH; 0 PhCI, 130 °C, 8 h, O, 11N),¥><~\
R! = H, 3-Me, 3-Cl, 3-F, 4-OMe, 4-NO,, 5-Br, 6-Cl 19 examples
R2=H, Me; X =N, S Yields: 31-92%

Heteroaryl = 2-pyridyl, 2-quinoline, 2-pyridazine
2-quinoxazine, 2-benzothiazole, 2-thiazole

Scheme 2C.6: Cu(l)-catalyzed synthesis of substituted quinazolin-4(3H)-ones from 1 and 10

In the past few years, benzyl alcohols (12) have been employed instead of aldehydes (4) for the
synthesis of substituted quinazolinones (3) using heavy transition metals. Generally this type of
strategies not required any additional oxidant for the oxidation steps compared to other methods
and generated Hz-gas as a by-product.?’-11 These approaches have been gained more attention
towards organic chemist due to high atom-economy, minimal consumption of chemicals and
energy. In this context, Zhou group developed a one-pot tandem approach for the synthesis of
quinazolin-4(3H)-ones (3) from 0-aminobenzamides (1) and benzyl alcohols (12) using Ir-catalyst
in xylene under the refluxed condition for 24-120 h (Scheme 2C.7a).?1 The series of 32 different
quinazolinone derivatives (3) were synthesized in good to excellent yields (50-94%) by varying
different substituents on benzyl alcohols (12) and 2-aminobenzamides (1). Siddki and co-worker
reported HBEA zeolite-supported Pt-catalyzed synthesis of quinazolinones (3) using same starting
precursors 1 and 12 (Scheme 2C.7b).E3

0]

o 2
R
_R?2 Pt/HBEA ; N
(b) R )N\ (1mol%) R [Cp*IrCl,], (1 mol %)
N RS - 1 NH2 Xylene, reflux )\

Mesitylene, reflux
3 24 h + 24-120 h

T

20 examples HO” R® 12 32 examples
H . - 0, H .
Yields: 65-95% R' = 4-Me, 4-Cl, 4-CF, 3-OMe, 3-Br, 3-CI; R = H Yields: 50-94%
R3 = Ph, 3-MeC6H4, 4-MeCGH4, 2-C|C6H4, 4-C|CGH4
4-N02C6H4, 4-OMeC6H4, 2-thieny|, n-Bu

Scheme 2C.7: Synthesis of quinazolinones from benzyl alcohol
Very recently, Li group disclosed an alternative approach for the synthesis of substituted
quinazolinone derivatives (14) from substituted allyl alcohols (13) using Ru-complex under

109



Chapter 2: Part-C

microwave radiation in THF at 130 °C for 3 h (Scheme 2C.8).13* The reaction pathway proposed
by performing a series of control experiments and also performed a reaction in NMR to evaluate
the reactive intermediate. Variety of allyl alcohols (13) were studied under optimal conditions and

afforded the corresponding quinazolin- 4(3H)-ones (14) in 67-97% vyields

o (0]
R2 R* [(p-cymene)RuCl,], _R2?
‘ 1 mol % N
R N o+ rR_AL_oH ( °) R’ _
NH THF, 130°C, 3 h N R3
2
1 13 HW 14 R
R'=H, 4-Me, 4-F, 4-Cl, 4-CF;, 5-Me, 5-F, 5-OMe, 6-F 24 examples
R? = H; R3 = H, Me, Et, n-Pr, Pr, Ph Yields: 67-97%
R*=H, Me

Scheme 2C.8: Synthesis of quinazolin-4(3H)-ones using allyl alcohols via Ru-complex

Deng and co-workers achieved the substituted quinazolin-4(3H)-ones (3) synthesis by one-pot
sequential strategy from 2-aminobenzamides (1) and tertiary amines (15) as a carbon source in the
presence of Cu20 as a catalyst and DDQ as an oxidant (Scheme 2C.9).1%! The reaction mechanism
was elucidated on the basis of control experiments. Initially, the aldehydes (4) and sec. amines
(16) were produced by the oxidative decomposition of tertiary amines (15) in the presence of

copper-catalyst.

o 1).  CuyO (10 mol %) T

-R 4 PCy; (10 mol %) .R
RLO\)J\H . RrRWR CHCls, 100 °C, 24 h, air R )N\

NH, RS g N OR?

2). DDQ (1.0eq.), rt, 1 h

1 15
R'=H, 3-Cl; R? = H, Ph, 4-MeCgH,, 4-OMeCgHy4, 4-CICgH,4 28 examples
2-MeCgHy, 3-CICgH,, Bn, n-Bu Yields: 12-82%

R3=H, Me, n-Pr, CH,OH, CH,NH,; R* = R® = Me, Et, n-pentyl, n-hexyl

(@]
RS/\ R4 )J\ 1. OX|dat|v|e C-N N/RZ
1. coupling )
' / \ ‘E R{
5
R R® N R3 2. aromatization N/)\R:"

15 Cu,O/PCy; NHR4RS 4 by DDQ 3
16

Scheme 2C.9: Cu20-catalyzed synthesis of quinazolines from 2-aminobenzamides and tert.

amines
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Subsequently, aldehyde (4) subjected to condensation with 2-aminobenzamides (1) to generate
imines intermediate (17), which further led to the quinazolinone products (3) by oxidative C-N

coupling

2C.1.2 Synthesis of Quinazolinones from 2-bromobenzamides

Various alternative approaches for the synthesis of quinazolinones (3) has been developed.[?* 27
32,36-491 The most of methods use of 0-amino benzamides (1) as starting materials, usually prepared
from corresponding nitro-group through various reduction process.®™® At present, the efforts for
the synthesis of quinazolinones (3) are directed towards using 2-halobenzamides (18) substrates
to avoid amine in the starting materials, which could be more efficient than classical methods. In
this regard, Fu and coworkers have successfully reported the direct access of quinazolinones (9)
from 2-bromobenzamides (18) and benzyl amines (19) in the presence of CuBr as catalyst
(Scheme 2C.10).554 This developed protocol proceed through initially Ullmann type C-N coupling
took place between 2-bromobenzamides (18) and benzyl amines (19) by CuBr-catalyst followed
by oxidation. Finally, desired products (9) afforded by intramolecular nucleophilic attack of amidic
NH.-group and aromatization. Variety of quinazolin-4(3H)-ones (9) synthesized in moderate to

good yields by this method which showed the high functional group tolerance.

o 0
2 CuBr (10 mol %) R2
N : R
R’ H +  ArCH,NH _
22 N)\Ar
9

Br DMSO 110-130 °C
18 19 8-14 h, air
R' = H, 4-Me,4-NO,, 4-Cl, 5-OMe, 5-Cl, 5-NOy; R? = H 25 examples
N .
Ar = Ph, 4-MeCgHg, 4-OMeCgHy, 4-CICgH,, 2-thienyl Yields: 43-84%

1-naphthyl, 2-furyl, 3-pyridyl
Scheme 2C.10: Cu-catalyzed synthesis of 2-aryl quinazolinones using 2-bromobenzamides
Subsequently, the same group realized the one-pot transformation of 2-bromobenzamide (18) to

quinazolin-4(3H)-ones (3) using a-amino acids (20) as starting with CuBr as a catalyst in a
mixture of DMSO and ethylene glycol (75:1)(Scheme 2C.11).152
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i CuBr (10 mol %) i 2
_R? COOH ubr {14 mol v -R
RL©5‘\H N 1 K,CO3 (3 eq.) R )N\
—
Br HNT RS N~ "R®
3

DMSO/ethylene glycol (75:1)
110-130 °C, 6-14 h, air

18 20
R' = H, 4-Me, 4-NO,, 5-OMe, 5-CI 20 examples
R2=H Yields: 40-72%

R3= H, Et, n-Pr, 'Pr, Ph, 4-MeCgHy, 2-thienyl

Scheme 2C.11: Synthesis of quinazolinones from amino acids by CuBr-catalyst

The developed reaction proposed to proceed in two pathway path A and B as shown in scheme
2C.12. In path A, initially C-N coupled product (I) formed by Cu(l)-catalyzed Ullmann-type
coupling followed by aerobic oxidation produced intermediate (11). Then intramolecular
nucleophilic addition produced dihydroquinazolinone intermediate (I11), which subsequently
underwent decarboxylation and oxidation led to the desired product (3). While in path B, the first
decarboxylation took place and formed intermediate (I) followed by oxidation generated
intermediate  (IV). Then underwent intramolecular addition reaction produced
dihydroquinazolinone intermediate (V). Finally, aerobic oxidation afforded the desired product

@3).

(0]
0 . L 1 N’R2
N’RZ Aerobic oxidation _R H
R N COOH

Br CuBr ,Rz 1}

R
L1 _KoCO3 R1‘©\)L” o
Ullmann NH

3

(0]

COOH N coupling J\ 2 a
Py \ R3 SCOOH Decarboxylation ] N g
HN R | R H v 5
4 Ny R? >
additionl
O

H (o]
1). Decarboxylation R2
2). Oxidation N~
R
N)vCOOH
H R
1]

Scheme 2C.12: Proposed reaction mechanism for the synthesis of quinazolin-4(3H)-ones

o Aerobic oxidation L@fLN,R?
R
2 \"/
R -
—
PR
3 1
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In extension, Ma et al. have also developed a protocol for the preparation of quinazolinn-4(3H)-
ones (6) from 2-bromo N-arylbenzamides (18) and formamide (21) under copper catalysis in the
presence of 4-hydroxy L-proline and Cs,COj3 in DMF at 80 °C for 24 h (Scheme 2C.13).55%1 In this
protocol, the first amidation took place followed by a condensation reaction offered 2-hydroxy-
dihydroquinazolinones. Subsequently, dehydration led to the formation of quinazolinones
derivatives (6). Acetamides/benzamides (22) also produced desired products (3) smoothly.

However, it required the combination of HMDS and ZnCl, for cyclization step at room

temperature.
X L w
R
> —
N
o Cul (10 mol %) 6
4-OH-L-proline 17 examples

(10 mol %) Yields: 69-95%

.R?2
Br Cs,CO3 (2 eq.)

1 DMF, 80 °C, 24 h 0

R'=H, 4-F, 5-Me, 5-PhCONH

R? = Ph, 2-CO,MeCgH,4, 4-MeCgH,4, 4-OMeCgH
4-CICgHy, 4-FCgHy, 2-naphthyl, 3-pyridyl, Cy

R3= Me, allyl, Ph, 2-FCgH,, 3-CICgH,, 4-MeCgH,

Jiy i
22 2
HzN R3 14@\)‘\N/R
g R A
HMDS (3 eq.) NENE
ZnCl, (0.5eq.), rt 3

9 examples
Yields: 60-96%

Scheme 2C.13: Synthesis of quinazolin-4(3H)-ones using formamide/acetamide/benzamide

Tang group also described the formation of 2-aryl-quinazolin-4(3H)-ones derivatives (9) via
copper-catalyzed domino reaction of o-halobenzamides (18) with a-substituted aryl-methenamine

(23) as starting materials through C—C bond cleavage in the presence of K2COz in DMSO at 120
°C for 24 h under aerobic condition (Scheme 2C.14).[%4

(0] O
R2 Ar CuBr (10 mol %) R2
R H . Py K2CO;3 (3 eq.) R N
o HN" C(R) Par
. .
18 23 DMSO, 120 °C, 24 h, air 9

16 examples

R' = H, 4-NO,, 5-OMe; R? = H
Yields: 21-73%

RS = Me, allyl, Ph, Bn
Ar = Ph, 4-MeCgHy,4, 4-CICgH,, 2-naphthyl, 4-pyridyl

Scheme 2C.14: Synthesis of quinazolinones derivatives using tert.amines and 2-

bromobenzamides
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Variety of 2-halobenzamides (18) were used such as Cl, Br, | and reacted very well under the
developed protocol. The proposed reaction pathway proceeds through initially, N-arylation via
Ullmann-type C-N coupling followed by oxidation produced imine (24). Finally, nucleophilic
addition, aromatization, and C-C bond cleavage led to desired products (9) (Scheme 2C.15).

(0]
N Q
2
Ry H CuBr, K,COj4 1dN/R Oxidation d
Br ————> R H - S
N-arylation
. 18 Y NH j
Ar Ar” TC(RY) C(R3
C(R® - _
23 = 24
(0] 0]
R2 1). Oxidation R2
R )N\ 2). C-C cleavage 1 Ar Addition
~ -
N Ar R3)

NK?(
9 25

Scheme 2C.15: Mechanism for the synthesis of quinazolinones derivatives using tert.amines

In the same year, Fan and co-workers disclosed the synthesis of substituted quinazolin-4(3H)-ones
by copper-catalyzed multicomponent reaction of 2-bromo N-protected benzamides/benzamides
(18), aldehydes (1) and ammonia used as nitrogen source (Scheme 2C.16).°°! Benzaldehydes
having electron-rich and poor substituents well tolerated in this protocol and transformed into the
products in 67-83% yields. Sterically hinder, and heteroaldehydes were also reacted smoothly
under the developed method.

0 CuBr (10 mol %)

O
N’R2 o L-proline (20 mol %) R2
R H J\ Cs,CO3 (2 eq.) R N
+ +  NH;H
Br R¥ H ¥H20 N/)\R3

DMSO, 100 °C, 24 h, air

18 4
R'=H, 4-Cl, 5-Me, 5-OMe 35 examples
R2 =H. Ph. Bn. Me Yields: 22-93%

R3= Ph, 2-FCgH,, 3-MeCgHy4, 3-FCgH,, 4-OMeCgH,, 4-FCgH,4, 4-CF3CgH,
4-pyridyl, 2-thienyl, 1-naphthyl, 2-furyl, n-Pr

Scheme 2C.16: Cu(l)-catalyzed multicomponent reaction for the synthesis of quinazolinones

The developed strategy further applied for the synthesis of alkaloid tryptanthrin in one-pot
sequential addition to showcase the synthetic application. First, 2-aminobenzamide was formed by

Cu-catalyzed amination of 18 with aqueous ammonia followed by condensation with 2-(2-

114



Chapter 2: Part-C

bromophenyl)-2-oxoacetaldehyde (27), cyclization and finally, base-mediated intramolecular C-N

coupling led to the formation of tryptanthrin (29) in 36% total yield (Scheme 2C.17).

CONH,
@[ NH3-H,0 0 o
CuBr (10 mol %)

. B 28 Lproline (20 mol %) ©\)LNH KsPO, (2 €q.) @ﬁLN

~ —
Br DMSO, 100 °C N 100 °C, 2 h, N, N

11 h, o Br 0
CHO 27 - 28 - 29

o Tryptanthrin, 36%

Scheme 2C.17: Total synthesis of alkaloid typtanthrin (29)

Atul and Patel group independently reported this class of product by using benzamides (22) and
benzylamines (19) respectively in the presence of Copper-nano particles (Scheme 2C.18).156-57]

]
R3™ NH, 22 o RS
Cul-NPs (1.5 mol %) r2 CUuO-NPs (5 moI %)
)\ KoCO3 (1.5 eq.) R N~ K,CO4 (3 eq.) )\
IPA/ethylene glycol H DMSO, 120 °C
(5:1) Br 8-15 h, air
70°C, h 18
6 examples 31 examples
Yields: 75-81% R' = H, 3-Me, 4-Me, 4-F, 4-Cl Yields: 39-85%

R2 = H, Ph, 2-MeCgHy, 4-MeCgH,, 4-OMeCgH,,
RS = Ph, 2-F06H4, 4-MeC6H4, 4-FC6H4, 4-N0206H4, 3-pyr|dyl

Scheme 2C.18: Synthesis of quinazolin-4(3H)-ones by using Cu-NPs from 2-brombenzamides

Encourage by existing methods and our ongoing research for developing new methodology in the
construction of N-heterocycles by using sodium azide as a nitrogen source.%8621 We further
motivated to construct quinazolin-4(3H)-ones from 2-bromobenzamides, aldehydes, and sodium
azide as nitrogen source (Scheme 2C.19).

o 0

.R? Cul R2
N 0] . N~
R14©\)J\H JJ\ |_-pro||ne, K2003 R1
+ + NaN >
B R “H 3 N/)\

DMSO, 150 °C, 5-7 h, air
18 4 3

Scheme 2C.19: Our alternative approach for the synthesis of quinazolin-4(3H)-ones

During this work, Tripathi and team reported similar strategy via Cu(l)-catalyzed tandem reaction
for the synthesis of 2-substituted quinazolinones (3) from 2-bromobenzamide (18), aldehydes
(4)/alcohols (12)/methylarenes (7) in the presence TMSN3z as a nitrogen source and TBHP as

115



Chapter 2: Part-C

oxidant under ligand and base free condition (Scheme 2C.20).[%l This strategy offered a diverse
range of quinazolinones in good to high yields with large functional group tolerance and reaction
proceed via radical mechanism confirmed by use of different loading of radical inhibitor TEMPO.

R3CHO (4)
Cul (10 mol %)

TMSN; (2 eq.) N
5 DMSO, 80 °C, 24 h )
, air R?
N I
" N ] R PR
Br " :
s R3CH,0H (12)/R3CH3 (7) 3
Cul (10 mol %)
R, =H, 3-OMe, 4-Me; R, = H, TMSN; (2 eq.) / S1examples
R3 = H, Ph, 2-OMeCgHy,, 4-MeCgH,4 TBHP (2.0 e (41-89%)
4-OMeCgHy, 4-CICgHy4, 4-NO,CgH, DMSO (86 °Cq.;4 h
3-pyridyl, 2-pyridy, 2-furyl, 2-thienyl, Et air

Scheme 2C.20: Synthesis of quinazolinones by using TMSN3z and TBHP via Cu(l)-catalyst

2C.2 RESULTS AND DISCUSSION

In our initial investigation, 2-bromo-N-phenylbenzamide (18a), benzaldehyde (4a) and sodium
azide were employed as substrates using 20 mol % Cul as a catalyst, 30 mol % L-proline as a
ligand and 2.0 eq. of KoCOz as a base in DMSO at 120 °C under air atmosphere for 10 h.
Gratifyingly, expected 2,3-diphenylquinazolin-4(3H)-one (3aa) was isolated in 63% (entry 1,
Table 2C.1). The structure of 3aa was elucidated by various spectroscopic techniques (IR, NMR,
and MS). Increase in reaction temperature to 150 °C further increased yield of 3aa to 73% with
reduced time (entry 2, Table 2C.1). Inspired by this result, we screened the different copper salt,
such as CuBr, Cul, CuClz-H20 and Cu(OAc)2-H20 Among all, Cul showed the highest catalytic
efficiency (entries 2-5, Table 2C.1). Furthermore, we tested the effect of ligands, and L-proline
provided the highest yield (entries 6-9, Table 2C.1). Effect of bases was also evaluated, and K.CO3
proved to be an effective base for this methodology as compared to other strong bases (entries 10-
15, Table 2C.1). We next examined the impact of solvents on reaction yield (entries 16-19, Table
2C.1). When DMF and DMA were employed to replace DMSO as the reaction medium, the yield
was diminished slightly (entries 16-17, Table 2C.1).
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Table 2C.1: Optimization of reaction condition for the synthesis of 3aa.?

i WORSNE
CHO NaNs
Cu salt, Ligand N H
N NH,
3aa 1a

Base, Solvent
Br

150 °C, 5 h
18a 4a

entry catalyst ligand base solvent yield®
(20 mol %) (30 mol %) (2.0 equiv.) (2 mL) (%)

1° Cul L-Proline K2COs3 DMSO 63

2 Cul L-Proline K2COs DMSO 73

3 Cu(OACc)2.H.0 L-Proline K2COs DMSO 50

4 CuCl2.H20 L-Proline K2CO3 DMSO 54

5 CuBr L-Proline K2CO3 DMSO 58

6 Cul Glycine K2CO3 DMSO 55

7 Cul DMEDAY K2CO3 DMSO 51

8 Cul N3-TMEDA?® K2CO3 DMSO 48

9 Cul Alanine K2COs DMSO 47

10 Cul L-proline 'BUOK DMSO 54

11 Cul L-proline Cs2C03 DMSO 39

12 Cul L-proline Na.COs DMSO 63

13 Cul L-proline NaHCO3 DMSO 67

14 Cul L-proline EtsN DMSO 54

15 Cul L-proline K3POg4 DMSO 56

16 Cul L-proline K2CO3 DMF 60

17 Cul L-proline K2CO3 DMA 57

18 Cul L-proline K2COs3 Toluene 20

199 Cul L-proline K2COs 1,4-dioxane nr

20 Cul - K2CO3 DMSO 37

21 - L-proline K2COs3 DMSO 10
22 Cul L-proline - DMSO trace
23" Cul L-proline K.COs DMSO 51%

aReactions conditions: 18a (0.36 mmol), 4a (0.40 mmol), NaNs (0.54 mmol), catalyst (20 mol
%), ligand (30 mol %) and K>CO3z (0.72 mmol) in DMSO (2 mL) at 150 °C for 5 h under air.
bIsolated yields. cat 120 °C for 10 h. “DMEDA= N,N-Dimethylethylenediamine. ®N>-TMEDA=
N,N,N-Trimethylethylenediamine. ‘at 120 °C for 16 h. %at 110 °C for 16 h. "0 mol % Cul and 20

mol % L-proline were used.
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The yield of 3aa was decreased significantly in a non-polar solvent as the reaction medium. By
using toluene as solvent 3aa was obtained in 20% yield along with 15% Schiff base intermediate
and 22% of 2-amino-N-phenylbenzamide (1a) after 16 h while only 2-amino-N-phenylbenzamide
(1a) was isolated in 40% vyield by using 1,4-dioxane as solvent (entries 18-19, Table 2C.1). The
yield of 3aa decreased significantly when the model reaction was performed in the absence of
either copper salt, ligand or base (entries 20-22, Table 2C.1). It was found that the best yield of
3aa was obtained by using Cul (20 mol %) with L-proline (30 mol %) as ligand and K>COz3 (2 eq.)
asa base in DMSO at 150 °C for 5 h. Moreover, we found that product yield was decreased with
the use of 10 mol % Cul and 20 mol % L-proline (entry 23, Table 2C.1).

With optimized reaction conditions for the transformation of o-bromobenzamides to
quinazolinones in hand, we turned our attention to explore the generality of this protocol as shown
in Table 2C.2. 2-Bromo-N-phenylbenzamide (18a) was reacted with different aldehydes (4a—k)
to give corresponding quinazolin-4(3H)-ones (3aa-ak) in moderate to good yield (27—73%). All
aliphatic, aromatic and heterocyclic aldehydes reacted equally well. Aldehydes with electron
withdrawing group gave a relatively lower yield of quinazolin-4(3H)-one (3ad and 3ae). Next, 2-
bromobenzamide with different N-substituents (3b—h) were allowed to react with different
aldehydes in the presence of NaNs and Cul/L-proline to give corresponding quinazolin-4(3H)- one
(3ba—he). As observed for 18a, 4-nitrobenzaldehyde (4e) gave a lower yield of the corresponding
quinazolin-4(3H)-one from other 2-bromobenzamides. Interestingly, 2-bromobenzamide (18d)
also reacted to give corresponding quinazolin-4(3H)-ones (3da, 3db) in moderate yields. Overall,
a broad range of amides and aldehydes reacted smoothly to give corresponding quinazolin-4(3H)-
ones in good to high vyield. It is worth to mentioned that only 2-amino-N-(2-
bromophenyl)benzamide (3i") was observed in 50% vyield by the reaction 2-bromo-N-(2-

bromophenyl)benzamide with 4-methylbenzalhyde under optimized reaction condition.
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Table 2C.2: Substrate scope for the synthesis of 2,3-disubstituted quinazolin-4(3H)-ones.2?

L,
N
©\)J\H + RCHO
Br
18 4

NaN3, Cul, L-Proline

K,CO3, DMSO,150 °C, 5-7 h, air

nye
N/)\ R?

o™
N/)\Rz

3aa, 73% (R? = Ph)

3ab, 73% (R? = p-tolyl)

3ac, 62% (R? = p-anisyl)

3ad, 47% (R? = p-CICgH,)

3ae, 27% (R? = p-NO,CgH,)

3af, 53% (R? = 0-OMeCgH,)
3ag, 59% (R? = 3,4-di-OMeCgH5)
3ah, 58% (R? = 3,4,5- tri-OMeCgH,)
3ai, 43% (R? = H)

3aj, 44% (R? = Me)

3ak, 53% (R? = 2-thienyl)

3al, 54% (R? = 2- pyrldyl)

Send

3fb, 52% (R? = p-tolyl)
3fd, 51% (R2 = p-CICgH,)
3fe, 48% (R? = p-NO,CgH,)

CgN@r““
N/)\Rz

3ba, 61% (R? = Ph)
3bb, 65% (R? = p-tolyl)
3bc, 50% (R2 = p-anisyl)
3bd, 54% (R? = p-CICgH,)
3be, 43% (R? =p-NO,CgH,)

0

by

N7 R,
3da, 37% (R? = Ph)
3db, 23% (R? = PhCO)

(0]
N/\/\

N/)\RZ

3gb, 53% (R? = p-tolyl)
3gd, 51% (R? = p-CICgH,)
3ge, 48% (R? = p-NO,CgH,)

3ca,55% (R? = Ph)

3cb, 41% (R? = p-tolyl)

3cc, 39% (R? = p-anisyl)
3cd, 37% (R? = p-CICgH,)
3ce, 26% (R? = p- N02C6H4)

Soaas

3ea, 44% (R?= H)

@ﬁ

3ha, 67% (R? = Ph)

3hb, 71% (R2 = p-tolyl)
3hd,56% (R? = p-CICgH,)
3he, 46% (R? = p-NO,CgHy)

2Reactions conditions: 18a (0.36 mmol), 4a (0.40 mmol), NaN3 (0.54 mmol), catalyst (20 mol
%), ligand (30 mol %) and K>CO3 (0.72 mmol) in DMSO (2 mL) at 150 °C for 5 h under air.
bIsolated yields.

Structure of all the synthesized quinazolin-4(3H)-ones was elucidated by the *H, *C NMR, IR and
HRMS data. The representative IR for 3ac is shown in Figure 2C.3. The presence of amidic
carbonyl group in 3ac indicated by a strong peak at 1682 cm™ of C=0 stretching in the IR
spectrum. The peaks ranging from 1466-1605 and 1250 cm™ corresponding to aromatic C=C, and
C-O stretching were also observed in the IR spectrum. In the *H NMR spectrum, characteristic

deshielded doublet appeared at ¢ 8.38-8.36 ppm for Cs-H, and one singlet at 6 3.77 ppm for OMe-
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group along with other expected protons at their respective positions were observed (Figure 2C.4).

The amidic carbonyl carbon appeared at 6 167.49 ppm along with all other corresponding peaks
in the **C NMR spectrum (Figure 2C.5).
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Figure 2C.3: IR spectrum of 3ac
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Figure 2C.4: 'H NMR spectrum of 3ac
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Figure 2C.5: *C NMR spectrum of 3ac

To explore the practicality of the developed method, a gram scale reaction of 18a with 4a using
NaN3 was performed under the optimized reaction conditions, and 3aa was obtained in 75% (0.8
g) yield (Scheme 2C.20).

NaNj3; (1.5 eq. 0]
o . 3(1.5eq.) @
Cul (20 mol %) N
(:fj\,\l H)K© L-proline (30 mol %)
H —
5 + K,CO3 (2 eq.), DMSO N
150 °C, 5 h, air

18a 4a 3aa
(1 g, 3.62 mmol) (0.42 g, 3.98 mmol) (0.80 g, 75 %)

Scheme 2C.20: Gram scale reaction of 18a with 4a

To gain insight into the mechanism of the reaction, several control experiments were performed
(Scheme 2C.21). Initially, 2-bromo-N-phenylbenzamide (18a) was treated with benzaldehyde (4a)
under optimal reaction condition at the lower temperature (120 °C) for 5 h. Desired product 3aa,
2-amino-N-phenylbenzamide (1a) and un-cyclized intermediate (Schiff base, 17aa) were isolated
in 38%, 8%, and 17% vyields, respectively. Intermediate 1a was formed in 38% yield along with

traces amount of 17aa from the reaction of 18a and 4a with NaNzs in the presence of Cul, L-proline

121



Chapter 2: Part-C

and K>COs3 in DMSO at 50 °C after 4 h. Next, on treating 1a with benzaldehyde (4a) under
optimized reaction conditions gave 3aa in 70% yield after 4 h. Similarly, when intermediate 17aa
was heated at 150 °C for 3 h in the presence of Cul, L-proline and K2COs in DMSO under air the

desired product 3aa was obtained in 75% vyield.

NaN; (1.5 eq.) o 0
Cul (20 mol %) N _Ph
L-proline (30 mol % H + )N\
K,COs (2 €q.), DMSO N\ N >ph
air Ph
1a 17aa 3aa
at120°C,5h 8% 17% 38%
at50°C,4 h 38% trace
0
Cul (20 mol %) Ph
L-proline (30 mol %) N~
A
K,CO3 (2 eq.), DMSO N™ "Ph
150 °C, 4 h air
3aa, 70%
(0] 0
_Ph Cu_I (20 mol %) _Ph
” L-proline (30 mol %) N
N K,CO3 (2 eq.), DMSO N/)\ph
Ph 150 °C, 3 h, air
17aa 3aa, 75%

Scheme 2C.21: Control experiments

Based on the above results from control experiments and literature precedent,2 84-6° plausible
reaction mechanism for the formation of 2,3-diphenylquinazolin-4(3H)-one has been depicted in
Scheme 2C.22. Initially, Cu(l) complex (A) was formed through the oxidative insertion of copper
in aryl bromide (18a). Subsequently, aryl-azide Cu(l) complex (B) was formed by the exchange
of Br-with N3~ which led to release of N2 and formed a complex (D). The reductive amination of
complex (D) generated intermediate (1a) with the help of moisture content in DMSO. 2-Amino-
N-phenylbenzamide (1a) condensed with benzaldehyde (4a) to produce imine intermediate (17a).
Subsequently, intramolecular nucleophilic attack of amidic nitrogen onto imine afforded the
cyclized product (F). Finally, aerobic oxidation of F led to the formation of desired product
quinazolin-4(3H)-one (3aa).
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Scheme 2C.22: Plausible mechanism for the synthesis of quinazolin-4(3H)-one

2C.3 CONCLUSIONS

We have developed a simple and efficient copper-catalyzed one-pot, three-component tandem
reaction to synthesize quinazolin-4(3H)-ones. The cascade reaction involves reductive amination,
imine formation, C-N bond formation via intramolecular cyclization and aerobic oxidation. Good
functional group tolerance, mild condition, readily available starting materials, and user-friendly
procedure makes this protocol practically good and attractive method for the synthesis of

quinazolin-4(3H)-ones.

2C.4 EXPERIMENTAL SECTION

General information: Melting points were determined in open capillary tubes on an EZ-Melt
Automated melting point apparatus and are uncorrected. Reactions were monitored by using thin
layer chromatography (TLC) on 0.2 mm silica gel F254 plates (Merck). The chemical structures
of final products were determined by their NMR spectra (*H and *3C NMR). Chemical shifts are

reported in parts per million (ppm) using deuterated solvent peak or tetramethylsilane as an internal
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standard. The HRMS data were recorded on a mass spectrometer with electrospray ionization and
TOF mass analyzer. All starting materials were synthesized according to published literature.[’%-
"1 All other chemicals were obtained from the commercial suppliers and used without further
purification.

General procedure for the synthesis of quinazolin-4(3H)-ones (3): A mixture of 2-bromo-N-
phenylbenzamide (18a) (100 mg, 0.362 mmol), benzaldehyde (4a) (42 mg. 0.398 mmol), sodium
azide (35 mg, 0.543 mmol), Cul (20 mol %), L-proline (40 mol %) and K>COs3 (100 mg, 2.0 eq.)
were stirred in DMSO (2 mL) under air atmosphere at room temperature and slowly warmed to
150 °C for 5 h. After completion reaction, cooling to ambient temperature and reaction mass was
diluted with ice-cold aqueous solution of NH4CI (50 mL), filtered through cilite bed and washed
with ethyl acetate (20 mL). Filtrate was extracted by ethyl acetate (30 mL x 2). Organic layers
were combined, dried over NaxSO4 and concentrated under reduced pressure. Desired product 3aa
(79 mg, 73%) was isolated by column chromatography on silica gel (100-200 mesh) using
ethylacetate/hexane (15-17%) as eluant.

2,3-Diphenylquinazolin-4(3H)-one (3aa)
0 Off white solid (79 mg, 73%); mp 159-160 °C (Lit.’? 158-159 °C); *H
(:fﬁ(@ NMR (400 MHz, DMSO-ds) & 8.21 (dd, J = 8.0, 1.2 Hz, 1H), 7.94 — 7.90
N/)\© (m, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.64 — 7.60 (m, 1H), 7.38 (dd, J = 7.8, 1.7
Hz, 1H), 7.35 — 7.28 (m, 5H), 7.25 — 7.20 (m, 3H); **C NMR (100 MHz,
DMSO-dg) & 161.9, 155.7, 147.7, 138.3, 136.1, 135.3, 130.0, 129.4, 129.3, 129.0, 128.6, 128.0,
127.9, 127.7, 126.9, 121.2; IR (KBr): 3055, 1682, 1589, 1335, 1275 cm™; HRMS calcd for
Ca0H15N20 [M+H]* 299.1179, found 299.1184.

3-Phenyl-2-p-tolylquinazolin-4(3H)-one (3ab)
White solid (83 mg, 73%); mp 170-172 °C (Lit.['? 171-172 °C); H

1 @ NMR (400 MHz, DMSO-ds) & 8.20 (d, J = 6.9 Hz, 1H), 7.90 (t, J = 7.9
&N Hz, 1H), 7.77 (d, J = 8.7 Hz, 1H), 7.60 (t, J = 7.0 Hz, 1H), 7.33 (d, J =
NJ\@ 4.4 Hz, 4H), 7.27 (d, J = 8.1 Hz, 3H), 7.03 (d, J = 7.9 Hz, 2H), 2.22 (s,

M 3H): 18C NMR (100 MHz, DMSO-d) & 161.9, 1557, 147.8, 138.9,

138.4, 135.2, 133.3, 130.0, 129.4, 129.1, 128.6, 128.5, 127.9, 127.5, 126.9, 121.1, 21.3; IR (KBr):
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3055, 1682, 1582, 1335, 1265 cm™*; HRMS calcd for CoiHi7N2O [M+H]*" 313.1335, found
313.1342.

2-(4-Methoxyphenyl)-3-phenylquinazolin-4(3H)-one (3ac)
o Off white solid (73 mg, 63%); mp149-150 °C; *H NMR (400 MHz,
@NQ CDCI3) 6 8.37 (d, J = 7.9 Hz, 1H), 7.83 (d, J = 3.5 Hz, 2H), 7.56 —
N/)\©\ 7.52 (m, 1H), 7.37 — 7.30 (m, 3H), 7.31 (d, J = 8.8 Hz, 2H), 7.19 (d, J
oMe = 70 Hz 2H), 6.74 (d, J = 8.8 Hz, 2H), 3.77 (s, 3H); **C NMR (100
MHz, CDCl3) 6 162.5, 160.3, 154.9, 147.6, 137.9, 134.7, 130.8, 129.1, 129.0, 128.4, 127.8, 127.6,
127.2,127.0, 120.8, 113.4, 55.3; IR (KBr): 3063, 1682, 1551, 1335, 1257 cm'*; HRMS calcd for
C21H17N202 [M+H]* 329.1285, found 329.1290.

2-(4-Chlorophenyl)-3-phenylquinazolin-4(3H)-one (3ad)
o White solid (57 mg, 47%); mp 175-177 °C (Lit."4 177-178 °C); *H NMR
@NQ (400 MHz, CDCls) 6 8.38 (d, J = 7.6 Hz, 1H), 7.88 — 7.80 (m, 2H), 7.61
N/)\©\ —7.55(m, 1H), 7.41 - 7.34 (m, 3H), 7.33 - 7.29 (m, 2H), 7.25 - 7.20 (m,
o 2H), 7.19 — 7.15 (m, 2H); 3C NMR (100 MHz, CDCls) § 162.2, 154.0,
147.3, 137.4, 135.6, 134.9, 133.9, 130.4, 129.2, 129.0, 128.7, 128.3,
127.7, 127.5, 127.3, 120.9; IR (KBr): 3055, 1682, 1589, 1342, 1265 cm™; HRMS calcd for

C20H14CIN20 [M+H]* 333.0789, found 333.0794.

2-(4-Nitrophenyl)-3-phenylquinazolin-4(3H)-one (3ae)
0 Light yellow solid (34 mg, 27%); mp 167-168 °C; *H NMR (400 MHz,
@NQ CDCl3) § 8.40 (d, J = 7.7 Hz, 1H), 8.11 (d, J = 8.8 Hz, 2H), 7.921- 7.84
N/)\©\ (m, 2H), 7.64 — 7.60 (m, 1H), 7.57 (d, J = 8.8 Hz, 2H), 7.12 — 7.33 (m,
NO 3H), 7.19 (dd, J = 7.7, 1.5 Hz, 2H); 3C NMR (100 MHz, CDCls) §
161.8, 152.9, 147.8, 147.1, 141.4, 137.0, 135.1, 130.2, 129.4, 129.1,
129.0, 128.1, 127.9, 127.5, 123.2, 121.1; IR (KBr): 3070, 1697, 1574, 1342, 1265 cm™; HRMS
calcd for C2oH14N303 [M+H]" 344.1030, found 344.1037.
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2-(2-Methoxyphenyl)-3-phenylquinazolin-4(3H)-one (3af)
Off white solid (34 mg, 27%); mp 133-135 °C; *H NMR (400 MHz, CDCls)

0]
/© 08.40 (d, J =7.7 Hz, 1H), 7.86 — 7.81 (m, 2H), 7.59 — 7.56 (m, 1H), 7.461—
N

B 7.35 (m, 3H), 7.24 (t, = 7.8 Hz, 2H), 7.17 (t, = 7.4 Hz, 1H), 6.93 (1, = 7.4
N
Hz, 2H), 6.62 (d, J = 8.4 Hz, 1H), 3.63 (s, 3H); 13C NMR (100 MHz, CDCls)

0162.2,155.4,154.1, 147.7, 137.1, 134.5, 131.1, 129.9, 128.8, 128.7, 128.4,
128.3, 127.9, 127.7, 127.2, 127.1, 124.9, 121.4, 120.4, 110.4, 54.9; IR (KBr): 3055, 1682, 1589,
1342, 1265 cm™; HRMS calcd for C21H17N202 [M+H]* 329.1285, found 329.1290.

MeO

2-(3,4-Dimethoxyphenyl)-3-phenylquinazolin-4(3H)-one (3ag)
Off white solid (76 mg, 59%); mp 153-155 °C; *H NMR (400 MHz,
i /© CDCls) 5 8.35 (d, J = 7.9 Hz, 1H), 7.89 — 7.73 (m, 2H), 7.59 — 7.45
(:ﬁk/N (m, 1H), 7.43-7.26 (m, 3H), 7.20 (d, J = 7.2 Hz, 2H), 7.05 (d, J = 8.3
" Hz, 1H), 6.79 (s, 1H), 6.73 (d, J = 8.4 Hz, 1H), 3.83 (s, 3H), 3.66 (s,
OMe 3H); 13C NMR (100 MHz, CDCl3) 8 162.4, 154.7, 149.9, 148.1, 147.5,
138.1, 134.7, 129.1, 129.0, 128.4, 127.7, 127.6, 127.2, 127.1, 122.8, 120.8, 112.3, 110.4, 55.9,
55.8; IR (KBr): 3055, 1682, 1597, 1335, 1265 cm™; HRMS calcd for C22H19N203 [M+H]*

359.1390, found 359.1395.

OMe

3-Phenyl-2-(3,4,5-trimethoxyphenyl)quinazolin-4(3H)-one (3ah)
Off white solid (76 mg, 59%); mp 133-134 °C; 'H NMR (400 MHz,
©\)J\N,Ph CDCls3) & 8.38 (d, J = 7.8 Hz, 1H), 7.85 (d, J = 2.8 Hz, 2H), 7.56 (bs,
N OMe 1H), 7.41 —7.34 (m, 3H), 7.22 (d, J = 7.2 Hz, 2H), 6.60 (s, 2H), 3.80
OMe (s, 3H), 3.70 (s, 6H); 3C NMR (100 MHz, CDClg) § 162.3, 154.6,
OMe 152.7, 147.4, 138.90, 138.0, 134.8, 130.3, 129.1, 128.9, 128.5, 127.7,

127.32, 127.2, 120.9, 106.9, 60.9, 56.1; IR (KBr): 2932, 1682, 1574, 1358, 1234 cm™’; HRMS
calcd for C23H21N204 [M+H]* 389.1496, found 389.1501.

3-Phenylquinazolin-4(3H)-one (3ai)

o) Pale yellow solid (34 mg, 43%); mp 94-95 °C (Lit.["® 139-140 °C); *H NMR
NP (400 MHz, CDCls) § 8.39 (d, J = 8.7 Hz, 1H), 8.15 (s, 1H), 7.85 — 7.78 (m, 2H),
N7 7.50 — 7.49 (m, 4H), 7.45 (d, J = 7.2 Hz, 2H); *°C NMR (100 MHz, CDCls) §
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160.8, 147.9, 146.1, 137.5, 134.6, 129.7, 129.1, 127.7, 127.6, 127.2, 127.0, 122.4; IR (KBr): 3055,
1666, 1605, 1466, 1281 cm™; HRMS calcd for C14H1:N20 [M+H]* 223.0866, found 223.0870.

3-Phenyl-2-(thiophen-2-yl)quinazolin-4(3H)-one (3aj)
o Pale white solid (58 mg, 53%); mp 172—174 °C; *H NMR (400 MHz, CDCls)
@NQ 6 8.39 (dd, J = 8.0, 0.9 Hz, 1H), 8.11 (d, J = 11.1 Hz, 2H), 7.90 — 7.80 (m,
N/)\LS) 2H), 7.63 — 7.59 (m, 1H), 7.58 (t, J = 1.9 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H),
L/ 7.17 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H); 3C NMR (100 MHz,
CDCl3) 6 162.0, 153.1, 147.8, 147.1, 141.5, 139.2, 135.0, 134.3, 130.3, 130.2, 130.1, 128.6, 128.0,

127.9, 127.4, 123.2, 121.1; IR (KBr): 3055, 1682, 1543, 1327, 1265 cm™; HRMS calcd for
C18H13N20S [M+H]* 305.0743, found 305.0749.

3-Phenyl-2-(pyridin-2-yl)quinazolin-4(3H)-one (3aj)
o Light brown solid (58 mg, 53%); mp 153-155 °C; *H NMR (400 MHz,
N@ CDCls) 6 8.41 (d, J = 7.1 Hz, 2H), 7.89 — 7.83 (m, 2H), 7.65 (t, J = 6.9 Hz,

(:f:/ « M), 7.59 (t,J = 7.3 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.34 - 7.27 (m, 3H),

N 7.23-7.19 (m, 2H), 7.18 — 7.16 (m, 1H); °C NMR (100 MHz, CDCls) 5

162.1, 153.4, 153.3, 148.9, 147.3, 137.4, 136.4, 134.8, 129.0, 128.8, 128.3, 128.0, 127.7, 127.3,
124.3, 123.7, 121.5; IR (KBr): 3055, 1681, 1589, 1342, 1281 cm™; HRMS calcd for C19H14N30
[M+H]* 300.1131, found 300.1136.

2-Phenyl-3-p-tolylquinazolin-4(3H)-one (3ba)
. ve Off white solid (65 mg, 61%); mp 168170 °C (Lit.[”? 180-181 °C); *H
NMR (400 MHz, CDCls) 5 8.38 (d, J = 7.8 Hz, 1H), 7.84 (dd, J = 4.4, 1.6
©f€ Hz, 2H), 7.58-7.54 (m, 1H), 7.37 (dd, J = 7.8, 1.4 Hz, 2H), 7.30 — 7.22 (m,
)\© 3H), 7.14 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 2.33 (s, 3H); °C
NMR (100 MHz, CDCls) & 162.4, 155.4, 147.5, 138.4, 135.6, 135.0, 134.7, 129.7, 129.3, 129.0,
128.7, 128.0, 127.7, 127.2, 127.2, 121.0, 21.2; IR (KBr): 3040, 1682, 1589, 1342, 1250 cm;
HRMS calcd for C21H17N20 [M+H]* 313.1335, found 313.1339.
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2,3-Di-p-tolylquinazolin-4(3H)-one (3bb)
o Me White solid (65 mg, 65%); mp 172-173 °C (Lit.[? 170-171 °C); H
N/©/ NMR (400 MHz, CDCI3) 6 8.37 (d, J = 7.7 Hz, 1H), 7.84 — 7.79 (m,

(:f:/)\g 2H), 7.55 — 7.51 (m, 1H), 7.27 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 8.1 Hz,

2H), 7.06 (d, J = 4.4 Hz, 2H), 7.04 (d, J = 4.1 Hz, 2H), 2.34 (s, 3H), 2.30
e (s, 3H); °C NMR (100 MHz, CDClg) § 162.5, 155.5 , 147.6, 139.4,
138.3, 135.2, 134.6, 132.7, 129.7, 129.0, 128.7, 128.7, 127.7, 127.2, 127.0, 120.9, 21.4, 21.2; IR
(KBr): 3024, 1682, 1574, 1342, 1265 cm™; HRMS calcd for C22H1sN20 [M+H]* 327.1492, found
327.1498.

2-(4-Methoxyphenyl)-3-p-tolylquinazolin-4(3H)-one (3bc)
Off white solid (54 mg, 54 % yield); mp 154-155 °C; 'H NMR (400

o /@Me MHz, CDCl3) & 8.35 (d, J = 7.7 Hz, 1H), 7.83 — 7.78 (m, 2H), 7.55 —
dﬁ“ 7.50 (m, 1H), 7.32 (d, J = 8.9 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.06
NJ\@ (d, J=8.3Hz, 2H), 6.75 (d, J = 8.9 Hz, 2H), 3.77 (s, 3H), 2.35 (s, 3H);

OMe 13c NMR (100 MHz, CDCls) & 162.6, 160.2, 155.1, 147.6, 138.3,

135.2, 134.6, 130.8, 129.7, 128.7, 128.0, 127.6, 127.2, 126.9, 120.8, 113.4, 55.3, 21.2; IR (KBr):

3055, 1682, 1589, 1341, 1265 cm™; HRMS calcd for C2H1gN202 [M+H]* 343.1441, found
343.1448.

2-(4-Chlorophenyl)-3-p-tolylquinazolin-4(3H)-one (3bd)

o Me White solid (59 mg, 50%); mp 186188 °C; *H NMR (400 MHz, CDCls)
@NQ §8.35(d, J = 7.9 Hz, 1H), 7.81 (d, J = 3.6 Hz, 2H), 7.56 — 7.52 (m, 1H),
N/)\Q 7.32 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.0 Hz,
N 2H), 7.04 (d, J = 8.2 Hz, 2H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCls)
0 162.3, 154.2, 147.3, 138.7, 135.5, 134.8, 134.7, 134.0, 130.5, 129.9,
128.7, 128.3, 127.7, 127.44, 127.3, 120.9, 21.2; IR (KBr): 3024, 1682, 1574, 1342, 1265 cm™;

HRMS calcd for C21H16CIN2O [M+H]* 347.0946, found 347.0951.
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2-(4-Nitrophenyl)-3-p-tolylquinazolin-4(3H)-one (3be)

(0]
MHz, CDCls) & 8.39 (d, J = 8.8 Hz, 1H), 8.12 (d, J = 8.9 Hz, 2H), 7.89

% ~7.82 (m, 2H), 7.62 (d, J = 6.8 Hz, 1H), 7.57 (d, J = 8.9 Hz, 2H), 7.17
NO,

: Me Pale yellow solid (59 mg, 43% yield); mp 166-168 °C; *H NMR (400
N

(d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 2.35 (s, 3H); 1°C NMR

(100 MHz, CDCls) 6 162.0, 153.1, 147.8, 147.1, 141.5, 139.2, 135.0,
134.3, 130.2, 130.1, 128.6, 128.0, 127.9, 127.4, 123.2, 121.1, 21.2; IR (KBr): 3069, 1695, 1572,
1344, 1266 cm™; HRMS calcd for C21H16N303 [M+H]* 358.1186, found 358.1190.

3-(4-Methoxyphenyl)-2-phenylquinazolin-4(3H)-one (3ca)

NMR (400 MHz, CDCls) & 8.38 (d, J = 7.7 Hz, 1H), 7.86 — 7.80 (m,

(:ﬁ:/l : 2H), 7.57 — 7.54 (m, 1H), 7.39 — 7.35 (m, 2H), 7.29 — 7.23 (m, 3H),

oMe Off white solid (59 mg, 55%); mp 198—200 °C (Lit.["4 199-200 °C); *H
N :

7.08 (d, J = 7.1 Hz, 2H), 6.84 (d, J = 6.8 Hz, 2H), 3.79 (s, 3H); *C
NMR (100 MHz, CDCls) § 162.6, 159.2, 155.5, 147.5, 135.6, 134.7, 130.3, 130.0, 129.2, 129.0,
128.1, 127.7, 127.2, 121.0, 114.2, 55.4; IR (KBr): 3040, 1682, 1558, 1342, 1250 cm™*; HRMS
calcd for C21H17N202 [M+H]* 329.1285, found 329.1290.

3-(4-Methoxyphenyl)-2-p-tolylquinazolin-4(3H)-one (3cb)
Off white solid (46 mg, 41%); mp 235-237 °C; *H NMR (400 MHz,

o /@OMG CDCls) 5 8.37 (d, J = 7.8 Hz, 1H), 7.84 — 7.81 (m, 2H),7.56 — 7.53 (m,
dﬁ“ 1H), 7.26 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 8.9 Hz, 2H), 7.05 (d, J = 8.0
NJ\@ Hz, 2H), 6.86 (d, J = 8.9 Hz, 2H), 3.81 (s, 3H), 2.31 (s, 3H); 13C NMR

Me (100 MHz, CDCls) § 162.7, 159.1, 155.6, 147.6, 139.4, 134.6, 132.8,

130.5, 130.0, 129.0, 128.7, 127.7, 127.2, 127.1, 120.9, 114.2, 55.4, 21.3; IR (KBr): 3050, 1682,
1589, 1342, 1250 cm™; HRMS calcd for C22H19N20, [M+H]* 343.1441, found 343.1444.

2,3-Bis(4-methoxyphenyl)quinazolin-4(3H)-one (3cc)
Off white solid (46 mg, 39%); mp 136-138 °C; 'H NMR (400 MHz,

o /©/0Me CDCls) 6 8.35(d, J= 7.7 Hz, 1H), 7.84 — 7.77 (m, 2H), 7.54 — 7.50 (m,
(:fi“ 1H), 7.32 (d, J = 8.9 Hz, 2H), 7.09 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0
NJ\@ Hz, 2H), 6.76 (d, J = 8.9 Hz, 2H), 3.80 (s, 3H), 3.78 (s, 3H); *°C NMR

OMe (100 MHz, CDCls) & 162.7, 160.2, 159.1, 155.3, 147.6, 134.6, 130.8,
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130.5, 130.0, 127.9, 127.6, 127.2, 127.0, 120.8, 114.3, 113.4, 55.4, 55.3; IR (KBr) 3050, 1682,
1589, 1342, 1250 cm™*; HRMS calcd for C22H1sN203 [M+H]* 359.1390, found 359.1394.

2-(4-Chlorophenyl)-3-(4-methoxyphenyl)quinazolin-4(3H)-one (3cd)
oMe White solid (44 mg, 37%); mp 166-168 °C; 'H NMR (400 MHz,

i /©/ CDCl3) 6 8.37 (d, J = 7.6 Hz, 1H), 7.86 — 7.80 (m, 2H), 7.59 — 7.53 (m,
&N J=8.2,6.0,2.4 Hz, 1H), 7.32 (d, J = 8.7 Hz, 2H), 7.24 (d, J = 8.7 Hz,
NJ\@ 2H), 7.07 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 8.9 Hz, 2H), 3.82 (s, 3H);1*C

“ NMR (100 MHz, CDCl3) & 162.4, 159.7, 154.4, 147.4, 135.5, 134.8,

134.1, 130.4, 130.0, 129.9, 128.4, 127.7, 127.4, 127.3, 121.0, 114.4, 55.4; IR (KBr): 3055, 1682,
1570, 1342, 1265 cm™; HRMS calcd for C21H16CIN20, [M+H]* 363.0895, found 363.0901.

3-(4-Methoxyphenyl)-2-(4-nitrophenyl)quinazolin-4(3H)-one (3ce)
o OMe Pale yellow solid (32 mg, 26%); mp 151-152 °C; *H NMR (400 MHz,
: I N/©/ CDCl3) 6 8.38 (d, J =7.6 Hz, 1H), 8.12 (d, J = 8.8 Hz, 2H), 7.90 - 7.79
N/)\©\ (m, 2H), 7.64 — 7.52 (m, 3H), 7.08 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8
Hz, 2H), 3.80 (s, 3H); 1*C NMR (101 MHz, CDCls) § 162.1, 159.6,
NOz 153.2, 147.7, 147.1, 141.6, 135.0, 130.1, 129.9, 129.4, 128.0, 127.9,
127.4, 123.3, 121.1, 114.6, 55.4; IR (KBr) 3070, 1697, 1574, 1342, 1265 cm™; HRMS calcd for

C21H16N304 [M+H]* 374.1135, found 374.1142.

3-(4-Chlorophenyl)-2-phenylquinazolin-4(3H)-one (3fa)
Off white solid (56 mg, 52%); mp 191-193 °C (Lit.["?l 198-199 °C); H

Cl
(@]
/©/ NMR (400 MHz, CDCls) & 8.36 (d, J = 7.9 Hz, 1H), 7.84 (d, J = 3.6 Hz,
N

P 2H), 7.58 — 7.54 (m, 1H), 7.38 — 7.23 (m, 7H), 7.12 (d, J = 8.6 Hz, 2H):
N
13C NMR (100 MHz, CDCls) § 162.2, 154.8, 147.4, 136.2, 135.2, 134.9,

134.4, 130.4, 129.6, 129.3, 129.0, 128.3, 127.8, 127.5, 127.2, 120.8; IR
(KBr): 3065, 1691, 1562, 1342, 1265 cm™; HRMS calcd for C2H14CIN2O [M+H]" 333.0789,
found 333.0794.
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3-(4-Chlorophenyl)-2-p-tolylquinazolin-4(3H)-one (3fb)

oS
d“
~
“ﬁ
Me
129.2,129.0, 128.9, 127
1 HRMS calcd for C1H

Off white solid (58 mg, 52%); mp 136-138 °C; 'H NMR (400 MHz,
CDCI3) 5 8.35 (d, J = 7.9 Hz, 1H), 7.83 (d, J = 3.6 Hz, 2H), 7.57 — 7.53
(m, 1H), 7.32 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 7.12 (d, J =
8.6 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 2.32 (s, 3H).1*C NMR (100 MHz,
CDCls) § 162.3, 154.9, 147.5, 139.8, 136.4, 134.9, 134.3, 132.3, 130.4,

.8,127.3,127.2,120.7, 21.4; IR (KBr): 3065, 1691, 1562, 1342, 1265 cm"

16CIN2O [M+H]* 347.0946, found 347.0950.

2,3-Bis(4-chlorophenyl)quinazolin-4(3H)-one (3fd)

7

Off white solid (60 mg, 51%); mp 177-178 °C (Lit.[’? 182-183 °C); H
NMR (400 MHz, CDCls) § 8.35 (d, J = 8.2 Hz, 1H), 7.87 — 7.81 (m, 2H),
7.62 — 7.52 (m, 1H), 7.35 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.7 Hz, 2H),
7.26 (d, J = 8.6 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H); *C NMR (100 MHz,
CDCls) & 162.0, 153.6, 147.2, 135.9, 135.9, 135.1, 134.7, 133.6, 130.4,

130.3, 129.5, 128.6, 127.8, 127.7, 127.3, 120.7; IR (KBr): 3064, 1691, 1566, 1343, 1268 cm™;
HRMS calcd for C20H13CI2N20 [M+H]" 367.0399, found 367.0404.

3-(4-Chlorophenyl)-2-(4-nitrophenyl)quinazolin-4(3H)-one (3fe)

"

2

Off white solid (58 mg, 48%); mp 157-159 °C; *H NMR (400 MHz,
CDCl3) 6 8.36 (d,J=7.6 Hz, 1H), 7.88 — 7.81 (m, 2H), 7.60 — 7.56 (m,
1H), 7.35 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.7 Hz, 2H), 7.26 (d, J = 8.7
Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H); 3.C NMR (100 MHz, CDCl3) § 162.1,
153.6, 147.2, 135.9, 135.9, 135.1, 134.7, 133.6, 130.4, 130.3, 129.5,

128.6, 127.8, 127.7, 127.3, 120.7; IR (KBr): 3070, 1696, 1589, 1380, 1271 cm™*; HRMS calcd for
C20H13CIN303 [M+H] 378.0640, found 378.0644.

3-Butyl-2-p-tolylquinazolin-4(3H)-one (3gb)

Pale yellow semisolid (61 mg, 53%); *H NMR (400 MHz, CDCls) § 8.34
(d, J = 8.4 Hz, 1H), 7.79 — 7.72 (m, 1H), 7.53 — 7.49 (m, 1H), 7.43 (d, J
= 7.4 Hz, 1H), 7.33 (d, J = 7.9 Hz, 1H), 4.053— 3.99 (m, 2H), 2.46 (s,
3H), 1.65 - 1.57 (m, 2H), 1.21 — 1.14 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H);
13C NMR (100 MHz, CDCl3) § 162.3, 156.5, 147.2, 139.9, 134.2, 132.7,
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129.4,127.7,127.4,126.8, 126.7, 120.9, 45.8, 30.8, 21.4, 19.9, 13.5; IR (KBr): 3055, 1681, 1561,
1373, 1265 cm™; HRMS calcd for C19H2:N20 [M+H]* 293.1648, found 293.1652.

3-Butyl-2-(4-chlorophenyl)quinazolin-4(3H)-one (3gd)
0 Pale yellow oil (62 mg, 51%); *H NMR (400 MHz, CDCl3) 6 8.43 (d, J =
@NM 8.8 Hz, 2H), 8.37 (d, J = 6.9 Hz, 1H), 7.85 — 7.80 (m, 1H), 7.78 (d, J =
N/)\©\ 8.8 Hz, 2H), 7.73 (d, J = 8.7 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 3.99 — 3.95
o (m, 2H), 1.64 — 1.57 (m, 2H), 1.26 — 1.18 (m, 2H), 0.81 (t, J = 7.4 Hz,
3H); $3C NMR (100 MHz, CDCl3) § 162.0, 155.1, 147.0, 136.0, 134.4,

133.9, 129.3, 129.0, 127.4, 127.2, 126.8, 120.9, 45.7, 30.8, 19.9, 13.45; IR (KBr) 3062, 1684,
1589, 1366, 1250 cm™; HRMS calcd for C1gH1sCIN2O [M+H]* 313.1102, found 313.1108.

3-Butyl-2-(4-nitrophenyl)quinazolin-4(3H)-one (3ge)
0 Pale yellow solid (61 mg, 48%); mp 133 — 136 °C; *H NMR (400 MHz,
@N/\/\ CDCls) 6 8.43 (d, J = 8.8 Hz, 2H), 8.37 (d, J = 6.9 Hz, 1H), 7.85—-7.80

N/)\Q (m, 1H), 7.78 (d, J = 8.8 Hz, 2H), 7.73 (d, J = 8.7 Hz, 1H), 7.58 (d, J =
No, 7:6Hz 1H),3.99 -3.95 (m, 2H), 1.64 — 1.57 (m, 2H), 1.26 — 1.18 (m,
2H), 0.81 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) § 161.7, 153.9, 148.5, 146.8, 141.4,
134.6,129.3,127.7, 127.5, 126.9, 124.1, 121.0, 45.8, 30.9, 19.9, 13.5; IR (KBr): 3068, 1693, 1579,

1382, 1271; HRMS calcd for C1gH1sN3O3 [M+H]" 324.1343, found 324.1348.
2-Phenylquinazolin-4(3H)-one (3da)

0 White solid (41 mg, 37%); mp 238-240 °C; *H NMR (400 MHz, DMSO-ds)
@NH §12.58 (s, 1H), 8.21 — 8.16 (m, 3H), 7.85 (t, J = 8.4 Hz, 1H), 7.76 (d, J = 7.6
NT Hz, 1H), 7.63 — 7.52 (m, 4H); *C NMR (100 MHz, DMSO-ds) & 162.7,

152.8, 149.2, 135.1,133.2, 131.9, 129.1, 128.2, 128.0, 127.1, 126.3, 121.4;
IR (KBr): 3055, 1670, 1565, 1348, 1265 cm™; HRMS calcd for C14H1:N20O [M+H]" 223.0866,
found 223.0869.

2-Benzoylquinazolin-4(3H)-one (3db)

o Off white solid (25 mg, 23%); mp 178-180 °C; 'H NMR (400 MHz,
@NH DMSO-ds) 5 12.73 (bs, 1H), 8.23 (d, J = 8.2 Hz, 1H), 8.17 (dd, J = 8.3, 1.2
7 Hz, 2H), 7.92 — 7.88 (m, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.77 — 7.73 (m, 1H),

o 7.67 (t, J = 7.5 Hz, 1H), 7.61 (t, J = 7.8 Hz, 2H); 3C NMR (100 MHz,
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DMSO-ds) 6 187.7, 161.5, 149.5, 147.6, 135.3, 134.8, 134.5, 131.3, 129.1, 128.8, 126.5, 123.3; IR
(KBr): 3062, 1696, 1578, 1335, 1265 cm™*; HRMS calcd for C1sH11N202 [M+H]* 251.0815, found
251.0820.

3-(2-(1H-Indol-3-yl)ethyl)quinazolin-4(3H)-one (3ea)
Pale yellow solid (37 mg, 44%); mp 170-171°C; *H NMR (400 MHz,
CDCl3) 6 8.39 (d, J = 7.4 Hz, 1H), 8.29 (bs, 1H), 7.77 (t, J = 7.0 Hz,
0 _ NH 1H),7.68(d, J=7.7 Hz, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.56 (s, 1H),
(:ﬁ:” 7.53 (s, J = 7.6 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H), 7.23 (t, J = 7.3 Hz,
N 1H), 7.15 (t, J = 7.3 Hz, 1H), 6.87 (d, J =6.9 Hz, 1H), 4.32 (t, J = 6.7
Hz, 3H), 3.29 (t, J = 6.7 Hz, 3H); *3C NMR (100 MHz, CDCl3) § 161.1, 148.1, 146.8, 136.5, 134.2,
127.3,127.2,126.8, 126.7, 122.8, 122.4, 122.1, 119.8, 118.4, 111.6, 111.3, 47.6, 25.0; IR (KBr):

3371, 3055, 1674, 1612, 1373, 1327 cm™; HRMS calcd for C1sH16N3O [M+H]* 290.1288, found
290.1295.

3-(Naphthalen-1-yl)-2-phenylquinazolin-4(3H)-one (3ha)

Light pink solid (71 mg, 67%); mp 212-213 °C; *H NMR (400 MHz, CDCls)
O 08.43(dd,J=7.9,1.0Hz, 1H),7.93 (t,J=8.3 Hz, 1H), 7.91 - 7.84 (m, 2H),
@N O 7.82 (d, J=8.3 Hz, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.62 — 7.52 (m, 3H), 7.38
NF (t, J=7.4Hz 1H), 7.27 (dd, J = 7.2, 1.4 Hz, 3H), 7.15 (t, J = 6.9 Hz, 1H),
[ j 7.05 (t, J = 7.5 Hz, 2H); 3C NMR (100 MHz, CDCl3) & 162.3, 156.2, 147.7,
135.3, 135.0, 134.6, 134.0, 130.5, 129.5, 129.4, 128.6, 128.1, 127.9, 127.7,
127.6, 127.5, 127.4, 127.4, 126.5, 125.1, 122.4, 121.0; IR (KBr): 3055, 1682, 1588, 1340, 1265

cmt; HRMS calcd for C24H17N20 [M+H]* 349.1335, found 349.1341.

3-(Naphthalen-1-yl)-2-p-tolylquinazolin-4(3H)-one (3hb)
Light pink solid (79 mg, 71%); mp 208-209 °C; *H NMR (400 MHz,
O CDCls) 6 8.40 (dd, J = 8.0, 0.8 Hz, 1H), 7.93 — 7.86 (m, 3H), 7.84 (d,

O J=8.3Hz, 1H), 7.69 (d, J = 9.0 Hz, 1H), 7.61 — 7.56 (m, 1H), 7.55 —

&N 7.49 (m, 2H), 7.40 (t, J = 7.8 Hz, 1H), 7.26 (t, J = 7.3 Hz, 2H), 7.15 (d,
NJ\@ J=8.1 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 2.20 (s, 3H). *C NMR (100

M MHz, CDCls) 5 162.4, 156.3, 147.8, 139.5, 134.8, 134.7, 134.0, 132.4,

130.5, 129.4, 128.6, 128.4, 128.1, 127.8, 127.5, 127.5, 127.3, 127.2, 126.5, 125.2, 122.4, 120.8,
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21.2. IR (KBr): 3055, 1682, 1589, 1342, 1265 cm™; HRMS calcd for CasHisN2O [M+H']
363.1492, found 363.1496.

2-(4-Chlorophenyl)-3-(naphthalen-1-yl)quinazolin-4(3H)-one (3hd)

Off white solid (66 mg, 56%); mp 216-218 °C; *H NMR (400 MHz,
O CDCl3) 6 8.41 (d, J=7.2 Hz, 1H), 7.91 (s, 4H), 7.73 - 7.50 (m, 4H), 7.41
@N O (t, J=7.4 Hz, 1H), 7.24 (dd, J = 19.0, 7.2 Hz, 3H), 7.04 (d, J = 7.5 Hz,
N/)\O\ 2H); 13C NMR (100 MHz, CDCls) § 162.2, 155.1, 147.6, 135.6, 135.0,
ol 134.3, 134.04, 133.7, 130.4, 129.8, 129.5, 128.8, 128.1, 127.9, 127.8,
127.6, 127.5, 127.4, 126.7, 125.2, 122.1, 120.9; IR (KBr): 3055, 1682,

1590, 1327, 1265 cm™*; HRMS calcd for C24H16CIN2O [M+H]* 383.0946, found 383.0951.

3-(Naphthalen-1-yl)-2-(4-nitrophenyl)quinazolin-4(3H)-one (3he)
Pale yellow solid (55 mg, 46%); mp 256-257 °C; *H NMR (400 MHz,
O CDCl3) 6 8.43 (d, J =8.1 Hz, 1H), 7.96 — 7.89 (m, 5H), 7.87 (d,J = 8.3
\ O Hz, 1H), 7.71 - 7.62 (m, 2H), 7.61 — 7.52 (m, 2H), 7.46 (d, J = 8.8 Hz,
[ I N/)\Q 2H), 7.40 (t, J = 7.8 Hz, 1H), 7.28 (d, J = 7.2 Hz, 2H); 3C NMR (100
MHz, CDCl3) 6 161.9, 154.0, 147.9, 147.3, 141.1, 135.2, 134.1, 133.8,
NO2 130.2, 130.2, 129.2, 129.0, 128.1, 128.0, 127.9, 127.6, 127.5, 127.0,
125.2, 122.9, 122.0, 121.0; IR (KBr): 3070, 1694, 1574, 1342, 1265 cm™; HRMS calcd for

C24H16N303 [M+H]" 394.1186, found 394.1190.

2-Amino-N-phenylbenzamide (1a)

0 White solid (58 mg, 38%); mp 127-129 °C (Lit.[*¥ 130-132 °C); *H NMR

@N (400 MHz, DMSO-ds) § 10.00 (s, 1H), 7.72 (d, J = 7.6 Hz, 2H), 7.62 (dd, J
H

NH, =7.9,1.1 Hz, 1H), 7.33 (t, J = 7.9 Hz, 2H), 7.21 (t, J = 8.3 Hz, 1H), 7.08 (t,

J=7.4Hz, 1H), 6.76 (d, J = 8.8 Hz, 1H), 6.60 (t, J = 8.0 Hz, 1H), 6.33 (s, 2H); 13C NMR (100
MHz, DMSO-ds) & 168.3, 150.2, 139.7, 132.5, 129.2, 129.0, 123.8, 121.0, 116.8, 115.7, 115.2; IR
(KBr): 3472, 3294, 1643, 1528, 1319, 1257 cm™™.
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2-(Benzylideneamino)-N-phenylbenzamide (17aa)

o Off white solid (37 mg, 17%); mp 216-217 °C; *H NMR (400 MHz, DMSO-
(:fﬁ(@ de) 8 7.73 (dd, J = 7.8, 1.5 Hz, 1H), 7.66 (d, J = 2.6 Hz, 1H), 7.39 (dd, J =

N/H 8.1, 1.1 Hz, 2H), 7.36 — 7.23 (m, 7H), 7.22 — 7.16 (m, 1H), 6.77 (d, J = 8.1

AL@ Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 6.29 (d, J = 2.7 Hz, 1H); *C NMR (100

MHz, DMSO-ds) 6 162.7, 147.0, 141.3, 141.2, 134.2, 129.1, 128.8, 128.8, 128.4, 127.0, 126.7,
126.5, 118.0, 115.8, 115.3, 73.1; IR (KBr): 3294, 1636, 1512, 1311, 1250 cm™.
2-Amino-N-(2-bromophenyl)benzamide (3i"): White solid (41 mg, 50%); mp 116 — 117 °C; 'H
NMR (400 MHz, CDCls) 6 8.46 (dd, J = 8.2, 1.0 Hz, 1H), 8.37 (bs, 1H), 7.60 (t, J = 6.8 Hz, 2H),
7.39 (t, J=7.8 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.06 — 7.01 (m, 1H), 6.77 (t, J = 7.7 Hz, 2H),
5.65 (bs, 2H); 13C NMR (100 MHz, CDCls) § 167.29, 149.45, 135.91, 133.13, 132.3, 128.4, 127.2,
125.1, 122.0, 117.7, 117.0, 115.5, 114.1; IR (cm™) 3475, 3292, 1627, 1527, 1321, 1267. HRMS
for C13H12BrN2O [M+H] calcd 291.0128, found 292.0125 and [M+2+H*] 293.0107.
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Chapter 3

3.1 INTRODUCTION

In chemistry, access of the N-heterocyclic compounds is always desirable because of their
occurrence in natural products and significant demand in pharmaceuticals.™*31 Over the centuries,
the synthesis of these privilege compounds via functional group interconversion approach has been
in tradition. Based on these traditional approaches as numerous routes were developed for the
synthesis of various heterocycles which often include multiple synthetic steps and harsh reaction
conditions.

In the last few decades, the evolution of transition metal catalyzed reactions has proven a paradigm
shift in organic synthesis.’8l. The construction of direct C-C and C-X bonds has been very much
convenient after the discovery of these metal catalyzed cross-coupling reactions.’’! Among these,
the Suzuki,[*>1 Negishi,*23 Stille,[**151 Kumada,*®! and Hiyamal*"8l are the examples of
classical cross coupling which require both the coupling partners to be functionalized (Scheme
3.1). In this regard, one of the substrates must be functionalized with metallic functionality (1) as
necessary coupling partner such as borane, zinc, tin, magnesium, and silane, respectively whereas,
other can be halogenated/pseudo-halogenated (2).* I The difficult procedure to access
organometallic reagent as well as the waste generation of a stoichiometric amount of metallic salts
limits their applications greatly.

e - Transition metal
Traditional Cross-Coupling
1 2 3 4
X=Br, I, OTs, OAc, OTf
M= B(OH), Suzuki Coupling
ZnX Negishi Coupling
SnBu;  Stille Coupling

MgX Kumada Coupling
Si(OMe); Hiyama Coupling

Scheme 3.1: Transition metal-catalyzed traditional cross-coupling reaction

The utilization of an unfunctionalized substrate is an alternate choice to overcome abovementioned
limitations. With this advent, the cleavage of direct C-H bond (C-H activation) has emerged as an
alternative approach for constructing a new C-C bond. The inert C-H bond cleaves under transition

metal-catalysis and forms reactive C-M bond to lead functionalization (Figure 3.1).[> 20-21
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\\ Transition \ \\
metal
CH ——» \C-M > C=Z
[C—H activation] [C—H functionalization]

Figure 3.1: General strategy of C-H activation and functionalization

The landmark achievement, C-H activation, in organic synthesis has earned significant attention
of organic researcher’s which rendered various fused heterocyclic compounds with an efficient
and straightforward manner. In reference to the C-H activation strategy, Heck coupling (Scheme
3.2a) and Sonogashira coupling (Scheme 3.2b) are the excellent examples which showed wide
application in heterocyclic synthesis.[?224

_H‘ OR Transition metal
H (0]
5 6

Heck Coupling
7 OR

Sonogashira coupling

R Transition metal )
@—{Br */ @%R
W
5 8

9

Scheme 3.2: Example of transition metal-catalyzed Heck and Sonogashira coupling

In the last decade, a variety of strategies, alkylation, arylation, heteroarylation, using C-H
activation has been developed to access fused azaheterocycles.[?>?61 Among these, more focus has
been on arylation reactions due to the deliverance of extended conjugated N-heterocycles. For
example, aryl-fused pyrenoimidazoles, possess large m-conjugated systems, display attractive
optical applications and used as fluorescent probes (Figure 3.2).°! Apart from this, the enriched
n-electrons N-heterocycles containing aryl-aryl bonds are frequently encountered in biological
systems.l”: 27281 Many natural products and drug candidates comprise these arylated fused N-
heterocycles.[?”] For example, natural product Cryptautoline and Rosettacin are exhibit tubulin
polymerization inhibitor and a cytotoxic agent, respectively.l?®3% Indole/imidazole-fused
isoquinoline core displays a variety of intriguing biological properties such as anticancer,
analgesic, anti-inflammatory and treatment against CNS diseases (Figure 3.2).[31-2
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Antiinflamatory Bioactivg against F’yrerw_oimidazole—fused
Anticancer agent analgesic agent CNS disease isoquinolines (OLEDs)

Figure 3.2: Representative molecules containing isoquinoline framework

Owing to intriguing applications of arylation in fused azaheterocycles, special attention has been
toward synthesis and functionalization of isoquinolines by various research groups. The variety of
routes have been described where transition metal catalyzed arylation has been employed to access
these frameworks.
An early report described by Jafarpour group for the synthesis of imidazole fused isoquinolines
(12) via direct C-H arylation from N-bromoalkyl 2-phenylimidazole (10) and iodoarenes
(11) using the combination of PAdCI/TFP (Scheme 3.3).1%1 Variety of substrates showed that aryl
iodides are having ortho nitro and chloro-substitutents gave quantitative yields of corresponding
3-phenyl-5,6-dihydroimidazo[5,1-a]isoquinolines.
@—(N] . '\©R1 PdCl, (10 mol %), TFP (22 mol %) / NN)\Q
e e e R{I;
10 11 12

R'=2-NO,, 2-CF3 2-F, 2-OMe 10 examples
2,4-Me,, 2,4-Cl, Yields: 35-76%

Scheme 3.3: Synthesis of 3-phenyl-5,6-dihydroimidazo[5,1-a]isoquinolines

The mechanistic study for the synthesis of 3-phenyl-5,6-dihydroimidazo[5,1-a] isoquinolines (12)
is depicted in Scheme 3.4. Initially, Pd(0) generated via the reduction of Pd(ll) underwent
oxidative addition (OA) with aryl iodide (11) to produce arylpalladium iodide complex (A). Then,
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insertion of norborene into A formed Pd complex B which upon basic conditions converted into
palladacycle C. Further palladacycle C underwent oxidative addition (OA) with N-
bromoalkylimidazole (10) and formed Pd(IV) species D. Reductive elimination (RE), extrusion
of norbornene and rearrangement in Pd-complex of D gave intermediate E which further
underwent electrophilic aromatic substitution reaction on imidazole to give palladacycle F.
Eventually, the desired product 3-phenyl-5,6-dihydroimidazo[5,1-a]isoquinolines (12) could be
achieved from palladium complex F via a reductive elimination reaction.

PdCl,

N= I
Ph—4 L= TFP \ @
N H
1"
12 PdL,
%' oA

L
L |—Pd
/ \
) ] <é

CsBr Pd
SgAr |

CSzCO3

@Cﬁ/@(%

Pd
~ C
E CoL
OA
RE
53r
A5 T oI ¢
L
P> N
N\_N
N Ph D >/ \/\BI‘
Ph 10

Scheme 3.4: Pd(l1)-catalytic cycle for the synthesis of imidazole-fused isoquinolines via

intramolecular direct C-H arylation
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Hocek and co-workers reported the synthesis of 5,6-dihydropurino[8,9-a]isoquinolines (14) via
Pd(Il)-catalyzed intramolecular direct arylation in excellent yields (Scheme 3.5)4 and studied
their luminescent properties and biological activities. Electronic absorption-emission spectra and
cytostatic activity of these purines fused isoquinoline compounds (14) revealed that the adenine
derivative (R = NH.) of isoquinoline exhibited good quantum yield. The compounds were found

to possess poor cytostatic activity against cancer as well as leukemia cell lines.
Pd(OAc); (5 mol %)

R R
Nl)ﬁi'\‘\> PCy; HBF, (10 mol %) - l\lll\)j:N\
kN/ N\\/Q K,CO3 (2.5 eq.), DMF, 150 °C, 17 h N” N
13 Cl 14

R = NH,, Me 2 examples
Yields: 98-99%

Scheme 3.5: Synthesis of 5,6-dihydropurino[8,9-a]isoquinolines via Pd(I1)-catalyzed
intramolecular C-H arylation

Miura and coworkers achieved indolo[2,1-a]isoquinoline framework (17) through Rh(IlI)-
catalyzed oxidative C-H/N-H coupling with internal alkynes. The fused isoquinolines were
obtained in poor to excellent yields (6-99%) by reacting 2-arylindoles (15) and alkynes (16) in the
presence of [Cp'RhClz]2 and Cu(OAC)2 (Scheme 3.6).1*°] Solid-state fluorescence was investigated
for all synthesized compounds and found some of the indolo[2,1-a]isoquinoline derivatives (17)

exhibited fluorescence in the range of 460-510 nm.

7T

S [CP"RACI,], (2 mol %) ¢

\\\
)
< \ /
) R4 Cu(OACc),-H,0 (10 mol %) , A
R? D NayCOs (2 eq.) R O
N + | | N R1
H R o-Xylene, 100 °C, 6 h —
R® under N, or air RS Re
15 16 17
R' = H, 4-Me, 4-Cl, 4-COOMe, 4-OMe 17 examples

R2 =H, 5-0Me, 5-Cl Yields: 6-99% (GC)

R3 = R* = Ph, 4-MeCgHy, 4-CF3CgH4, n-Pr, n-C;Hqs
R® = C(OH)Mey; R*= Ph

Scheme 3.6: The construction of indolo[2,1-a]isoquinolines derivatives under Rh(l11)-catalysis

The proposed reaction pathway for the synthesis of indolo[2,1-a]isoquinolines (17) is illustrated
in Scheme 3.7. Initially, NH-group of indole coordinated with Rh(l11)-complex to generate Rh-
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complex (A) which subsequently produced five-membered rhodacycle (B). Insertion of internal
alkynes to rhodacyle (B) via N-Rh or C-Rh formed seven-membered rhodacycle (C) or (B),
respectively. Finally, the reductive elimination of intermediate (C) or (D) facilitated the desired
product (17). Eliminated Cp'Rh(l)-complex further oxidized in the presence of air with co-catalyst

Cu(Il) and regenerated the active Rh(Ill)-complex to complete the catalytic cycle.

air, 2HCI
£ T
N 1
\ R
H,0 ,Lc,oo H 15
o Cp*RhCl,
© HCI

HCI

Scheme 3.7: Rh-catalytic cycle for the synthesis of indolo[2,1-a]isoquinolines

Fiandanese et al. reported the sequential synthesis of alkyl- and arylethynyl-1,2,3-triazole-fused
dihydroisoquinolines (20) through two different routes (a & b) using precursors as 1-(2-
iodophenyl)-4-((trimethylsilyl)ethynyl)-1H-1,2,3-triazoles (18) and 1-(2-bromophenethyl)-4-
(trimethylsilyl)-1H-1,2,3-triazoles (21) (Scheme 3.8).[*°! In route A, first intermolecular arylation
in  between 1-(2-iodophenethyl)-4-((trimethylsilyl)ethynyl)-1H-1,2,3-triazoles  (18) and
iodoarenes (19) by using PdCIl>(PPhs)> with AgCI produced arylated product in 61-95% vyields.
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Then arylated product subjected to intramolecular arylation under Pd-catalysis took place targeted
1-(arylethynyl)-5,6-dihydro-[1,2,3]triazolo[5,1-a]isoquinoline derivatives (20) in 60-95% yields
(Scheme 3.8, Route-A).

Route-B Route-A
Br 1). R—1 19 |
1). PdCIy(PPh3); (5 mol %) N, PdCl,(PPh3), (5 mol %)
n-BuysNOACc ( 2 eq.), NMP,100 °C, 1 h | N AgCI (20 mol %), KoCOs (8 eq) \{\ll
N 2). NIS (3 eq.), CH3CN, 90 °C, 2h N MeOH (8 eq.), DMF, 40 °C, 3 h \_N
'N
\ ’(l/ 3. =——R 22 // 2). PdCIy(PPhsz), (5 mol %) //
MesSi Pd(PPhs), (4 mol %) R 20 n-BuyNOAc (2 eq.), NMP,100 °C, 1 h
Cul (2 mol %), TEA, 50 °C, 5-7 h Me;Si
21 R = Cy, n-Heptyl, n-Octyl R = Ph, 4-MeCgHy, 4-NO,CgHy, 3-pyridyl 18
4 examples 6 examples
Yield: 73-85% Yield: 60-95%

Scheme 3.8: Synthesis of 1-(aryl/alkylethynyl)-5,6-dihydro-[1,2,3]triazolo[5,1-a]isoquinoline

derivatives in multiple steps

Similarly, in case of route B first, palladium-catalyzed intramolecular strategy was applied to
produce functionalize triazole fused isoquinolines which further underwent iodination using N-
iodosuccinamide followed by Sonogashira coupling to give alkyne tethered triazole fused
isoquinolines (20) in 73-85% yields (Scheme 3.8, Route-B).

Verma and coworkers disclosed tandem reaction of substituted indoles (24) or pyrrole (27) with
internal alkynes (23) which afforded indolo[2,1-a]isoquinolines (25) and pyrrolo[2,1-
aJisoquinolines (28) in good to moderate yields in the presence Cu(l)-catalyst using (1H-
benzo[d][1,2,3]triazol-1-yl)methanol (26) as ligand and tert-BuOK as base (Scheme 3.9).[5]

R3

R3
R2 Ny 24
N R? N
15 examples
N
1

H Yiields: 58-75%
X Cul (5 mol %) R
) Ligand (10 mol %) 25
< />7: R
t-BuOK (1.4 eq.), DMSO N\
110 °C, 15-18 h | 27 A
23 N ]
. N, H N 4 examples
X=1,Br;R"=0Me, Me  Ligand = N — Yields: 69-75%
N 1
R
26 \\OH 28

Scheme 3.9: Sythesis of indolo/pyrrolo[2,1-a]isoquinolines from 1-halo-2-(arylethynyl)benzene
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Various electron releasing and withdrawing substituents on both indoles and internal alkynes were
evaluated and revealed that electron releasing substitutents gave corresponding indole fused
isoquinolines (25) in good yields as compared to electron-withdrawing substituents.

The construction of 3H-pyrazolo[3,4-c]isoquinolines (31) was described in a one-pot tandem
reaction of 2-bromobenzaldehydes (29) with potassium 5-amino-1-aryl-1H-pyrazole-4-
carboxylates (30) under Pd-Cu co-catalyst system by Batra group (Scheme 3.10a). They also,
synthesized thieno[3,4-c]isoquinolines (33) using potassium 2-aminothiophene-3-carboxylate (32)
with 2-bromo benzaldehydes (29) under Pd catalyst (Scheme 3.10b). The developed strategy
involved tandem condensation followed by decarboxylative arylation process to achieve

thieno/pyrazolo[3,4-c]isoquinoline derivatives (31 and 33).

NH,
2
— R ,N\
- N 30 N R2
N R X 16 examples ()
_N
31

Yields: 67-90%
PdCI,(PPh3), (1 mol %) |R®=H, 2-Cl, 3-C, 4-Br

CHO Cu,O (1 mol %), 4A MS
RL@i 1,10-Phen (2 mol %)
Br TBAI (6 mol %), DMF

COOK
29 160 °C, 4W, 15min. N S \
1_ | NH, 32 ; X 4 examples
R*=H, 5-F, 5-OMe, 4,5-OMe, Withoit - R N Yields: 85-92% (b)
1,10-Pﬁen 33

Scheme 3.10: Synthesis of thieno/pyrazolo[3,4-c]isoquinolines from 2-bromobenzaldehydes

Langer group described the sequential one-pot process for the assembly of aza-fused isoquinoline
derivatives (36) by the reaction of 1-bromo-2-(2,2-difluorovinyl)benzenes (34) with various
heterocycles (35) having NH functionality in the ring such as indole, imidazole, pyrazole,
benzimidazole, pyrrole (Scheme 3.11).[% In the described methodology, initially, base-mediated
C-N bond formation occurred between NH-heterocycles (35) and gem-difluoroalkenes (34)
followed by intramolecular C-H arylation took place through palladium catalyst to afford aza-

fused isoquinolines (36).
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X 33,
CT R
E X A N/ ~\v’/
S 1). KsPO, (4 eq.), DMF, 100 °C, 12 h S
. G . </\||' 3 R )- K3POy (4 eq.) R
g F ”/Y\V//” 2). Pd(OAc), (5 mol %), PPh; (10 mol %) \ Ny -
r N
140 °C ,4-20 h x4 N ,
\\_—_:‘J \R
34 35 36
R'= 4-F, 3,4-OMe, X=Y=Z=CH,N 20 examples
R2 = 6-F, 5-CN, 5-OMe Yields: 23-87%

Scheme 3.11: Synthesis of aza-fused isoquinolines from 1-bromo-2-(2,2-difluorovinyl)benzenes

All the synthesized compounds (36) were also tested for their inhibitory potential towards human
nucleotide pyrophosphatase h-NPP-1 and human nucleotide phosphodiesterase 3 (h-NPP-3). The
results revealed that 6-(1H-indol-1-yl)indolo[2,1-a]isoquinoline derivative (36a) showed highest
inhibitory potential of h-NPP-1 and 6-(5-cyano-1H-indol-1-yl)indolo[2,1-a]isoquinoline-10-
carbonitrile (36b) exhibited significant inhibitory activity of h-NPP-3 (Figure 3.3).

SaW
0

CN
36b
human nucleotide pyrophosphatase inhibitor human nucleotide phosphodiesterase inhibitor
(h-NPP-1) with IC5q = 0.36+0.06 mM (h-NPP-3) with IC5y = 0.48+0.01 mM

Figure 3.3: Inhibition against h-NPP-1 and h-NPP-3 by compounds 36a and 36b, respectively

Benzimidazo/imidazo[2,1-a]isoquinolines are an important framework which is found in various
pharmacophore and bioactive molecules such as antiasthmatic, antihypertensive, anticancer,
antianxiolytic agent and also used in material science for fluorescent probes.**#3 In this respect,
Yanada group synthesized benzimidazo/imidazo[2,1-a]isoquinolines (38) via multicomponent
reactions of o-phenylenediamines (37), 2-haloarylaldehydes (29), and alkynes (16) under
microwave radiation in the presence of palladium catalyst (Scheme 3.12).1*1 This developed
methodology involved Sonogashira coupling, 5-endo-cyclization, oxidative aromization and
finally, 6-endo-cyclization to affoard desired product in 68-83% yields.
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]
R NH 7 Pd(OAc), (20 mol %) R N
2 BN H BuysNOAC (2 eq.) N
+ R? + =—R® R’ N ,
R NH, x> Br DMF, 120 °C, 0.5-1 h — R
R3
37 29 22 38
R'=H, Me 13 examples
R2 =H. 4-Me. 5-F Yields: 68-83%

R3=H, Ph, 4-MeCgH,, n-Bu

Scheme 3.12: Pd-catalyzed multicomponent synthesis of benzimidazo[2,1-a]isoquinolines

Alternatively, Li and colleagues disclosed efficient tandem approach to access benzimidazo[2,1-
aJisoquinoline derivatives (41) by employing 2-arylbenzimidazoles (39) and alkynyl bromides
(40) under palladium catalyst (Scheme 3.13).1%1 In this approach, initially, hydroamination
reaction took place between benzimidazoles (39) and alkynyl bromides (40) in the presence of a
base to form (Z)-alkenyl bromide followed by palladium catalyzed intramolecular direct C-H

arylation produced imidazole fused isoquinolines (41) in good to moderate yields (31-81%).

R2
N
Ré_— g, 1) K2CO; (2 eq.), DMF, 120 °C, 2h R1—©\
2). Pd(OAc), (5 mol %), PCys (15 mol %) N
130 °C, 20 h
39 40 4 R
R'=H, 6-CF3, 5-OMe, 4-Cl, 4-Me, 5,6-di-Cl 32 examples
R2 = H, 4-CN, 4-Cl, 3-OMe, 2-Me, 2-C| Yields: 31-81%

R® = Ph, 2-thienyl, 4-F,4-OMe, 4-Me, 4-"Pr
Scheme 3.13: Pd(Il)-catalyzed synthesis of benzimidazo[2,1-a]isoquinolines from 2-

arylbenzimidazoles

Later on, Kambe group reported the synthesis of benzimidazo/imidazo[2,1-a]isoquinolines (38)
via Rh(lll)-catalyzed intramolecular cross dehydrogenative coupling (CDC) of (Z)-1-styryl-1H-

imidazoles (Scheme 3.14).[42

R2
LA, N ) ,~~_-N
g \> [CpRNCI5]5 (3 mol %),Cu(OAc), (2.4 eq.) TN
R _A~\ R2 R A\

e — Mesitylene/PivOH, 140 °C, 24 h ~ _
Rs 42 R® 38
R'=H, 5-OMe, 5,6-Me, 14 examples
R2 = H, 4-Me, 4-Et, 4-Bu, 6-Me Yields: 46-83%

R®=H, Ph

Scheme 3.14: Synthesis of imidazo[2,1-a]isoquinolines via Rh-catalyzed CDC
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The assembly of z-extended pyrenoimidazole-fused isoquinolines (44) was disclosed by Gandhi
group using rhodium-catalyzed oxidative C-H coupling from pyrenoimidazoles (43) and internal
alkynes (16)  (Scheme 3.15).[4%1 All synthesized derivatives were investigated about
electrochemical and photophysical properties. The single crystal X-ray structures of
trifluoromethyl and carboxylate substituted derivatives revealed the near coplanarity of pyrene and
imidazole moiety. The molecular packing diagram showed that the presence of twisted
conformation led intermolecular C-H...x interaction, which was responsible for significant solid-

state fluorescence than solution state.

R1

O N [RuCly(p-Cymene)], (10 mol %)

‘O N + RZ—— R3 1-Adamentanecarboxylic acid (25 mol %)
N —

H / \ CU(OAC)2 (2.2 eq.), K2003 (2 eq.)
S Xylene, 120 °C, 16 h
43 16
R'=H, 4-CN, 4-CF3, 4-NO,, 4-COOMe, 4-OMe 8 examples
R2=R3= Ph Yields: 43-60%

Scheme 3.15: Ru(ll1)-catalyzed synthesis of pyrenoimidazole-fused isoquinolines from 2-

arylpyrenoimidazoles

As a part of our ongoing research on the synthesis of imidazole-fused heterocycles via C-H
functionalization, we motivated to develop a new methodology for the synthesis of
benzimidazo/imidazole[2,1-a]isoquinolines by that involve the formation of two C-C bonds in

one-pot using traditional Knoevenagel condensation and direct C-H arylation (Scheme 3.16).

7
N
77N
/ N
I I

O N = CHO
N Pd(OAc),, K,CO
/\\\/N\// + @ (OAc),, K,CO3
Ph Br

DMA, 150 °C, 1.5 h, N, atm.

45a 29a Ph 46aa

Scheme 3.16: Our alternate approach for the synthesis of benzimidazo/imidazole[2,1-a]-

isoquinolines
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3.2 RESULTS AND DISCUSSION

Our initial investigations commenced by recognizing a suitable catalytic system for the envisioned
domino approach and results are summarized in Table 3.1. Initially, 2-(1H-imidazol-1-yl)-1-
phenylethanone (45a) was treated with 2-bromobenzaldehyde (29a) in the presence of Pd(OAc):
(5 mol %), Cs2CO3z (2.5 equiv) in N,N-dimethylacetamide (DMA) at 150 °C for 1.5 h. Gratifyingly,
imidazo[2,1-a]isoquinolin-5-yl(phenyl)methanone (46aa) was isolated in 59% yield (entry 1,
Table 3.1). The structure of 46aa was characterized by its spectral data (IR, MS, and NMR). In
the IR spectrum of 46aa, a strong peak appeared at 1636 cm™ for C=0 stretching (Figure 3.4). In
the 'H NMR spectrum of 46aa, a singlet appeared at & 9.20 ppm for highly deshielded Ce-H along
with other protons at their respective positions (Figure 3.5). The ketonic carbon of 46aa appeared
at § 190.42 along with all other expected carbons in the 3C NMR spectrum (Figure 3.6). The peak
at 273.1023 for [M+H]" ion in the mass spectrum of 46aa further confirmed its structure (Figure
3.7).
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=
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Figure 3.4: IR spectrum of 46aa
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Figure 3.7: HRMS spectrum of 46aa

Encouraged by this result, we further screened various palladium catalysts, bases and solvents to
improve the yield of tandem product 46aa. Survey of various bases such as K.COs3, 'BuOK, and
KOH suggested that K>COs is suitable for the present methodology, which afforded 68% of 46aa
(entries 2-4, Table 3.1).

Among all palladium-catalysts viz Pd(OAc)>, Pd(PPh3)4, PdCl2, Pd(PPh3)>Cl,, and Pd(PCy3)>Cl»
screened for the reaction, highest yield for 46aa was obtained using Pd(OAc): (entries 2 and 5-8,
Table 3.1). Surprisingly, changing the reaction solvent to toluene or 1,4-dioxane failed to produce
46aa, whereas with DMF or DMSO yields were diminished (entries 9-12, Table 3.1). The reaction
was restricted to an intermediate stage (knoevengel adduct) without Pd catalyst and only starting
materials were recovered with traces of 46aa in the absence of a base (entries 13-14, Table 3.1).
The use of PPhs as a ligand and pivalic acid as an additive also did not improve the yield of 46aa

(entries 15-16, Table 3.1).

154



Chapter 3

Table 3.1: Optimization of reaction conditions.?

T
7 N . @CHO Pd-catalyst, base PP "
Ph)J\/N\// Br solvent, 150 °C, 1.5 h
45a 29a 46aa
entry catalyst base solvent yield (%)°
1 Pd(OAC), Cs2CO3 DMA 59
2 Pd(OAC): K2COs DMA 68
3 Pd(OAC)2 'BUOK DMA Traces
4 Pd(OAC), KOH DMA 52
5 Pd(PPhs)4 K2CO3 DMA 22
6 PdCl. K2CO3 DMA 25
7 Pd(PPh3).Cl K2CO3 DMA 20
8 Pd(PCys).Cl> K2CO3 DMA 33
9 Pd(OAc). K2CO3 DMF 40
10 Pd(OAC). K2CO3 DMSO 17
11° Pd(OAcC)2 K2COs toluene —¢
12¢ Pd(OAC), K.COs 1,4-dioxane —e
13 - K2CO3 DMA —¢
14 Pd(OAcC)2 - DMA Traces
15' Pd(OAc). K2CO3 DMA 49
169 Pd(OAc). K2CO3 DMA 58
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@Reaction conditions: 45a (0.53 mmol), 29a (0.55 mmol), catalyst (5 mol %), base (1.25 mmol),
solvent (2 mL), 1.5 h, 150 °C, N, atmosphere. Isolated yields. At 120 °C. 9At 110 °C. *Only aldol

product was isolated after 16 h. 10 mol % of PPhs was used. 930 mol % of pivalic acid was used.

With the established reaction conditions in hand (entry 2, Table 3.1), we further investigated the
scope of the cascade reaction. As shown in Table 3.2, diversely substituted azolyl aryl ethanones
(45a-r) produced 46aa-ra in moderate to good yields under the optimized reaction conditions.
Though, the aryl group in substrate 45 is not in the vicinity of reactive sites, however, substituents

on aryl moiety greatly influenced the outcome of the cascade process.

For example, substrates with electron-rich arenes (45a-f) resulted in higher yields (55-69%) of
corresponding tandem products (46aa-fa) when compared to arenes with electron-withdrawing
groups (46ga-ha). It is important to mention that 4-chlorophenyl substituted azole (45g) gave 46ga
in poor yield (18%), whereas only starting material was recovered in the case of 4-nitrophenyl
substituted azole (45h). Aroyl groups with electron-rich substituents at ortho-, meta-, para-
positions were well tolerated under the reaction conditions to give good yields of the cascade
products. Similarly, 4-methyl imidazole analogue (45i-0) underwent smooth conversion to afford
the corresponding tandem products (46ia-0a) in good yields. To our delight, substrates with
benzimidazole moieties (45p-r) also smoothly participated in domino process and provided good

yields of corresponding benzimidazo-fused isoquinolines (46pa-ra).

When 2-chlorobenzaldehyde (29b) was allowed to react with 45a under optimized reaction
condition, only aldol adduct was detected in the reaction mass analysis through LC-MS (Figure

3.8). No improvement was observed when the reaction was continued overnight.
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Table 3.2: Substrate scope for the Pd-catalyzed tandem synthesis of azole-fused isoquinolines?

-
i AN (6] p—
o & R CHO Pd(OAc), (5 mol %) =
= n ©: K,COs (2.5 eq.) Ar
Ar NN Br DMA, 150 °C, 1.5 h

45a-r 29a 46aa-ra

(0] /-;’\

N_ N
L
Me

46da, 56%

O

460a, 53% 46pa, 49%

46qa, 49% 46ra, 47%

“Reaction conditions: 45 (0.53 mmol), 29 (0.55 mmol), K2COs (1.25 mmol), Pd(OAc)> (5 mol
%), DMA (2 mL), 150 °C, 1.5 h. ®Yields of the isolated products
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Mass analysis

CHO i =\ i Y Q =\
U N/ 7 Y
i l/\N Pd(OAC)2 (5 mol %) Ph Ph l Ph A
)J\/N Y + l ]
~
Ph ol
ClI” :

K,COj (2.5 eq.), 150 °C @

24 h
45a 29b 46aa, not observed '\ ~ J
Observed

Scheme 3.17: Reaction of 2-chlorobenzaldehyde under the optimized reaction condition
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Figure 3.8: Mass analysis of the reaction mixture

Control experiments were performed to investigate the likely synthetic pathway of designed
tandem sequences (Scheme 3.18). When the standard reaction was performed at 60 °C, only
Knoevengel adduct 47aa was detected as a major product after 1 h, confirmed by 'H and '*C-NMR
(Figure 3.9 & 3.10). Further continuation of the reaction for 2 h at 150 °C led to 46aa which
confirms that the Knoevengel adduct 47aa is the key intermediate in this tandem reaction (Scheme
3.18I). To further validate this pathway, the isolated Knoevengel adduct 47aa was treated under

similar reaction conditions to afford the tandem product 46aa in 82% yields (Scheme 3.18II).
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0 I4\N O =\
o = CHO Pd(OAc), (5 mol %) |pp N . oh NN
J_ DN N @: K,CO3 (2.5 eq.) | _1s0°c P )
Ph Br  DMA,60°C,1h /@ 2h
Br
45a 29a 47aa 46aa, 65%
0} — (o] —
[”\V JP—WN
Y
P Nz Pd(OAc), (5 mol %), K,CO5 (2.5 eq) PR
/@ DMA, 150 °C, 1.5 h 7 (I
Br
47aa 46aa, 82%

Scheme 3.17: Control experiments

In the 'H NMR spectrum, singlet peak appeared at § 7.49 ppm for C3-H with all other peaks at
their respective place (Figure 3.9). The carbonyl carbon of 47aa appeared at 6 191.4 ppm along
with all other expected carbons in the *C NMR spectrum (Figure 3.10) further confirmed the

structure of 47aa.
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~ 4 e e\
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47aa
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2.98%

45 40 35 30 25 20 1.5 10 05 0.0
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Figure 3.9: '"H NMR spectrum of 47aa
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Figure 3.10: °C NMR spectrum of 47aa

To check the unambiguous structure of Knoevenagel adduct, we performed the 2D correlation
experiments. First, we conducted 'H — *C Heteronuclear Multiple Bond Correlation (HMBC)
experiment and we observed that singlet peak at § 7.49 ppm in 'H-NMR showed the correlation
with carbonyl carbon at § 191.3 ppm in '*C-NMR which confirmed that peak at § 7.49ppm in 'H-
NMR corresponds to C3 — H of propanone (47aa). The multiplet peak from o 7.79 — 7.77 ppm in
'H-NMR also showed the correlation with carbonyl carbon in HMBC spectrum, confirmed that
multiplet peak from & 7.79 — 7.77 ppm correspond to Czs — H of aroyl ring (Figure 3.11). Then
we performed the 2D NOESY experiment; this experiment showed that the correlation of C; — H
(at 7.49 ppm) with C> — H (6 7.79 — 7.77 ppm) of aroyl ring (Figure 3.12). By HMBC and 2D-

NOESY experiments confirmed that Knoevenagel adduct has Z-configuration.
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Figure 3.11: HMBC spectrum of 47aa
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Figure 3.12: 2D NOESY spectrum of 47aa
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Based on previous literature reports 6471 and our experimental results, we believe that the reaction
proceeds via initial Knoevengel adduct (47) was formed by the reaction of 45 and 29 in the
presence of a base. Oxidative insertion of palladium (0) into 47 gives arylpalladium(ll) bromide
intermediate 48. The Pd(ll) intermediate 48 is believed to be responsible for the intramolecular
C—H activation of azole C>—position to give palladacycle intermediate 49. Finally, reductive
elimination of 49 affords the domino product, azole fused isoquinolines (46) with the regeneration

of active palladium (0) for the next cycle (Scheme 3.19).

o CHO
I¢\N =+
)J\/N\//
Ar Br

45 29

Knoevenagel | K,CO,4
Condensation

0) —
reductive ,\[//\N
. A
elmn PA(0) + r |
Br
47
Oxidative
addn.
0 —
Ar |
KBr + KHCO; BrPd
48

K,COs

Scheme 3.19. A plausible mechanism for the formation of 46

3.3 CONCLUSIONS

In conclusion, we have demonstrated a straightforward cascade approach for the synthesis of
benzimidazo/imidazo[2,1-a]isoquinolines (46) via Knoevenagel condensation and palladium-
catalyzed intramolecular C—H functionalization. This method allows an alternative route for the

assembly of benzimidazo/imidazo[2,1-a]isoquinolines (46) with hitherto unknown aroyl moiety at
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the C-5 position. The precursor, 2-(1H-imidazol/benzimidazolyl-1-yl)-1-arylethanones (45) are

readily available from corresponding methyl ketones and azoles in a single step.[*"]

3.4 EXPERIMENTAL SECTION

General information: Melting points were determined in open capillary tubes on a EZ-Melt
automated melting point apparatus and are uncorrected. Reactions were monitored by using thin
layer chromatography (TLC) on 0.2 mm silica gel F254 plates (Merck). The chemical structures
of final products were determined by their NMR spectra (*H and *3C NMR). Chemical shifts are
reported in parts per million (ppm) using deuterated solvent peak or tetramethylsilane as an internal
standard. The HRMS data were recorded on a mass spectrometer with electrospray ionization and
QTOF mass analyzer. 2-(1H-imidazol/benzimidazolyl-1-yl)-1-arylethanones (45a) were
synthesized from phenacyl bromides. All other chemicals were obtained from the commercial

suppliers and used without further purification.

General procedure for synthesis of 46aa: A clean oven-dried 10 mL RB-flask was charged with
45a (93 mg, 0.5 mmol), 2-bromobenzaldehyde 29a (102 mg, 0.55 mmol), K.CO3 (172 mg, 1.25
mmol), Pd(OAc). (11 mg, 5 mol %) and DMA (2 mL). The resulting solution was stirred at 150
°C for 1.5 h under N2 atmosphere. On completion, the reaction mass was allowed to cool to ambient
temperature, diluted with water (5 mL) and extracted with EtOAc (2 x 5 mL). The combined
organic layer was dried over anhydrous Na,SO4 and evaporated to dryness. The crude residue so
obtained was purified by column chromatography (EtOAc: hexanes) to afford 46aa in 68% (93
mg) yield.

Imidazo[2,1-a]isoquinolin-5-yl(phenyl)methanone (46aa)

Yellow solid (93 mg, 68%); mp 164-166 °C; *H NMR (400 MHz, CDCls) &
9.21 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.99 (s, 1H), 7.90 (d, J = 7.5 Hz, 2H),
7.76 — 7.55 (m, 5H), 7.47 (t, J = 7.6 Hz, 1H), 7.41 (s, 1H); *C NMR (100
MHz, CDCl3) 4 190.4, 137.4,133.0, 132.3,131.4, 129.7, 129.3, 129.2, 128.7,
127.2,126.7, 125.8, 125.2, 122.5,121.1; IR(KBr): 3070, 1636, 1412, 1227 cm™:. HRMS calcd for
C1gH13N20 [M+H]* 273.1022, found 273.1017.
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Imidazo[2,1-a]isoquinolin-5-yl(p-tolyl)methanone (46ba)

O /=/\ Yellow solid (99 mg, 69%); mp 201-202 °C; 'H NMR (400 MHz,
NN DMSO-ds) 6 8.92 (s, 1H), 8.28 (d, J = 8.0 Hz, 1H), 8.11 (s, 1H), 7.94
(d, J=7.7 Hz, 1H), 7.86 (d, J = 8.1 Hz, 2H), 7.76 — 7.69 (m, 1H), 7.58
(s, 1H), 7.55 — 7.49 (m, 1H), 7.45 (d, J = 7.9 Hz, 2H), 2.46 (s, 3H); 13C
NMR (100 MHz, CDCls3) & 190.1, 144.2, 134.6, 132.2, 131.2, 130.0, 129.5, 129.4, 129.1, 127.2,
126.7,125.3,125.0, 122.5, 121.1, 21.8; IR(KBr): 3055, 2924, 1643, 1458, 1257 cm™; HRMS calcd
for C19H15N20 [M+H]* 287.1179, found 287.1189.

Imidazo[2,1-a]isoquinolin-5-yl(m-tolyl)methanone (45ca)

Yellow solid (79 mg, 55%); mp 141-143 °C; 'H NMR (400 MHz, CDCls) §
9.18 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.98 (s, 1H), 7.71 (s, 1H), 7.70 — 7.62
(m, 3H), 7.53 - 7.43 (m, 3H), 7.40 (s, 1H), 2.49 (s, 3H); 3C NMR (100 MHz,
CDCI3) 6 190.6, 138.8,137.4,133.8,132.3,131.3,130.1, 129.5, 129.2, 128.7,
128.5, 127.2, 126.9, 126.7, 125.6, 125.2, 122.5, 121.0, 21.4; IR (KBr): 2916, 2854, 1643, 1458,
1265 cm™*; HRMS calcd for C1gH1sN20 [M+H]* 287.1179, found 287.1155.

Imidazo[2,1-a]isoquinolin-5-yl(o-tolyl)methanone (46da)

e o = Yellow solid (80 mg, 59%); mp 156-158 °C; *H NMR (400 MHz, CDCls) §
N 9,50 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 8.00 (s, 1H), 7.71 - 7.63 (m, 1H), 7.59
(d, J = 7.6 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.44 — 7.42 (m, 2H), 7.40 — 7.31
(m, 2H), 7.29 (s, 1H), 2.42 (s, 3H); 3C NMR (100 MHz, CDCls) & 192.6,
137.6, 137.0, 132.7, 131.7, 131.3, 130.9, 130.2, 129.4, 128.7, 128.4, 127.5, 127.1, 127.1, 125.5,
125.1, 122.4, 121.2, 19.7. IR (KBr): 3186, 3055, 1651, 1458, 1211 cm™; HRMS calcd for
C19H15N20 [M+H]*287.1187, found 287.1168.

Imidazo[2,1-a]isoquinolin-5-yl(4-methoxyphenyl)methanone (46ea)

o = Yellow solid (88 mg, 58%); mp 165-167 °C; 'H NMR (400 MHz,
N CDCls) 5 9.03 (s, 1H), 8.10 (d, J = 7.9 Hz, 1H), 7.97 — 7.93 (m, 3H),
7.66 (t, J = 8.3 Hz, 2H), 7.47 (t, = 7.3 Hz, 1H), 7.34 (s, 1H), 7.06 (d,
J = 8.8 Hz, 2H), 3.95 (s, 3H); 3C NMR (100 MHz, CDCl3) & 188.9,
163.9, 132.3, 131.0, 129.7, 128.9, 127.2, 126.5, 125.4, 123.8, 122.5, 121.1, 114.0, 55.6; IR (KBr):
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3065, 2948, 1631, 1482, 1278, 1221 cm™; HRMS calcd for C19H1sN202 [M+H]* 303.1128, found
303.1152.

Imidazo[2,1-a]isoquinolin-5-yl(3-methoxyphenyl)methanone (46fa)

O =\ Yellow solid (97 mg, 64%); mp 147-149 °C; *H NMR (400 MHz, CDCl3) &
NN 9.18 (d, J = 2.6 Hz, 1H), 8.08 (t, J = 7.8 Hz, 1H), 7.96 (d, J = 6.3 Hz, 1H),
7.70 - 7.57 (m, 2H), 7.52 — 7.36 (m, 5H), 7.22 (s, 1H), 3.90 (s, 3H); *C NMR
(100 MHz, CDCls3) 8 190.1, 159.8, 138.6, 132.2, 131.4, 129.6, 129.3, 129.2,
128.6, 127.2, 126.7, 125.8, 125.1, 122.4, 122.2, 121.0, 119.3, 114.2, 55.5; IR (KBr): 3070, 2962,
1628, 1466, 1285, 1126 cm™*; HRMS calcd for C19H1sN202 [M+H]* 303.1128, found 303.1112.

(4-chlorophenyl)(imidazo[2,1-a]isoquinolin-5-yl)methanone (46ga)

Yellow solid (27 mg, 18%); mp 160-162 °C; 'H NMR (400 MHz,
CDCI13) 6 9.17 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.99 (s, 1H), 7.85 (d, J
=8.5Hz, 2H), 7.71 - 7.61 (m, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.51 - 7.43
(m, 1H), 7.37 (s, 1H); 3C NMR (100 MHz, CDCI3) § 189.1, 139.6,
135.7, 131.6, 131.1, 129.2, 129.1, 129.1, 127.3, 126.8, 125.7, 125.1,
122.5, 121.3; IR (KBr): 2926, 2864, 1651, 1459, 1255 cm™; HRMS calcd for C1sH12CIN.O
[M+H]*307.0633, found 307.0612.

(2-Methylimidazo[2,1-a]isoquinolin-5-yl)(phenyl)methanone (46ia)
o Me\7:\ Orange solid (77 mg, 54%); mp 135-137 °C; *H NMR (400 MHz, CDCls) §
N. N 9.08 (s, 1H), 8.17 — 8.12 (m, 1H), 7.88 (d, J = 8.1 Hz, 2H), 7.73 — 7.64 (m,
2H), 7.61 —7.55 (m, 3H), 7.41 (t, J = 7.5 Hz, 1H), 7.31 (d, J = 1.4 Hz, 1H),
2.85 (s, 3H);**C NMR (100 MHz, CDCls3) § 190.4, 137.5, 133.0, 131.7, 131.3,
129.9, 129.7, 129.3, 129.0, 128.7, 128.3, 126.1, 126.0, 125.4, 123.3, 122.6, 16.6; IR (KBr): 3055,

2916, 1636, 1458, 1257 cm™*; HRMS calcd for C19H15N.0 [M+H]* 287.1179, found 287.1192.

(2-Methylimidazo[2,1-a]isoquinolin-5-yl)(p-tolyl)methanone (46ja)

Me Orange solid (88 mg, 59%); mp 155-156 °C; 'H NMR (400 MHz,
N CDCl3) 69.06 (s, 1H), 8.14 (d, J =7.7 Hz, 1H), 7.73 - 7.62 (m, 3H), 7.60
(d, J =7.3 Hz, 1H), 7.53 — 7.34 (m, 3H), 7.29 (s, 1H), 2.85 (5,3H), 2.47
(s, 3H); 3C NMR (100 MHz, CDCls) § 190.6, 138.7, 137.5, 133.8, 131.7,
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131.2, 130.1, 129.9, 129.4, 129.3, 128.4, 128.2, 126.9, 126.0, 125.7, 125.4, 123.2, 122.5, 21.4,
16.6; IR(KBr): 2916, 2854, 1643, 1456, 1265 cm™; HRMS calcd for CxH17N2O [M+H]*
301.1335, found 301.1326.

(2-Methylimidazo[2,1-a]isoquinolin-5-yl)(m-tolyl)methanone (46ka)

Orange solid (84 mg, 56%); mp 151-152 °C; *H NMR (400 MHz, CDCls3) §
9.01 (s, 1H), 8.14 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 8.1 Hz, 2H), 7.69 — 7.63
(m, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.44 — 7.34 (m, 3H), 7.27 (s, 1H), 2.85 (s,
3H), 2.50 (s, 3H); 3C NMR (100 MHz, CDCl3) & 190.0, 144.1, 134.7, 131.6,
131.0, 129.9, 129.8, 129.5, 129.4, 129.1, 128.1, 126.0, 125.5, 125.1, 123.2,
122.5, 21.7, 16.6; IR (KBr): 2916, 2854, 1643, 1458, 1257 cm™; HRMS calcd for CzoHi17N20
[M+H]*301.1335, found 301.1362.

(2-Methylimidazo[2,1-a]isoquinolin-5-yl)(o-tolyl)methanone (461a)

Orange solid (110 mg, 70%); mp 142—-143 °C; *H NMR (400 MHz, CDCls)
§9.40 (s, 1H), 8.16 (d, J = 8.1 Hz, 1H), 7.68 (t, 1H), 7.56 (d, J = 7.6 Hz, 1H),
7.49 (t, 1H), 7.46 — 7.31 (m, 4H), 7.21 (s, 1H), 2.87 (s, 3H), 2.41 (s, 3H); 1°C
NMR (100 MHz, CDCl3) 6 192.6, 137.8, 137.0, 131.8, 131.6, 131.2, 130.8,
130.4, 130.1, 129.5, 128.6, 128.4, 127.7, 126.0, 125.5, 125.3, 123.3, 122.5, 19.7, 16.7; IR (KBr):
3163, 3032, 1651, 1458, 1250 cm™; HRMS calcd for CH17N2O [M+H]* 301.1335, found
301.1312.

(4-Methoxyphenyl)(2-methylimidazo[2,1-a]isoquinolin-5-yl)methanone (46ma)
o Me\7:\ Orange solid (76 mg, 48%); mp 141-143 °C; 'H NMR (400 MHz,
N__ N CDCls) 6 8.89 (s, 1H), 8.13 (d, J = 7.9 Hz, 1H), 7.91 (d, J = 8.4 Hz,
2H), 7.64 (t, J=7.5Hz, 1H), 759 (d, J=7.6 Hz, 1H), 7.40 (t, J=7.3
Hz, 1H), 7.22 (s, 1H), 7.03 (d, J = 8.4 Hz, 2H), 3.93 (s, 3H), 2.84 (s,
3H); *C NMR (100 MHz, CDCls) & 188.8, 163.8, 132.2, 131.5, 130.8, 129.7, 129.7, 129.5, 129.0,
127.9, 126.0, 125.6, 123.9, 123.2, 122.5, 114.0, 55.6, 16.6; IR (KBr): 2952, 2928, 1647, 1461,

1261, 1189 cm™; HRMS calcd for C2oH17N20, [M+H]" 317.1285, found 317.1268.
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(3-Methoxyphenyl)(2-methylimidazo[2,1-a]isoquinolin-5-yl)methanone (46na)

Orange solid (80 mg, 51%); mp 153-155 °C; *H NMR (400 MHz, CDCls) §
9.06 (s, 1H), 8.15 (d, J = 8.1 Hz, 1H), 7.70 — 7.65 (m, 1H), 7.61 (d, J = 7.4
Hz, 1H), 7.49 — 7.39 (m, 4H), 7.34 (s, 1H), 7.22 (ddd, J = 7.9, 2.5, 1.5 Hz,
1H), 3.90 (s, 3H), 2.86 (s, 3H); *C NMR (100 MHz, CDCl3) § 190.1, 159.8,
138.8, 131.7, 131.3, 129.9, 129.6, 129.3, 128.3, 126.1, 125.9, 125.4, 123.2, 122.6, 122.2, 119.3,
114.2, 55.5, 16.6; IR(KBr): 2962, 2924, 1643, 1458, 1257, 1180 cm™; HRMS calcd for
C20H17N202 [M+H]* 317.1285, found 317.1298.

(3,4-Dimethoxyphenyl)(2-methylimidazo[2,1-a]isoquinolin-5-yl)methanone (460a)

Orange solid (80 mg, 53%); mp 174-175°C; 'H NMR (400 MHz,
CDCls) & 8.86 (s, 1H), 8.18 (d, J = 8.0 Hz, 1H), 7.71 — 7.65 (m, 1H),
7.63(d, J=7.8 Hz, 1H), 7.55 (s, 1H), 7.46—7.39 (m, 1H), 7.28 (s, 2H),
6.98 (d, J = 8.1 Hz, 1H), 4.03 (s, 3H), 3.99 (s, 2H), 2.87 (s, 2H); 13C
NMR (100 MHz, CDCI3) 6 191.4, 156.4, 152.0, 134.2, 133.4, 132.4, 132.2, 132.1, 131.5, 130.6,
128.7, 128.2, 127.4, 126.3, 125.8, 125.2, 114.5, 112.6, 58.8, 58.7, 19.1; IR (KBr): 3070, 2962,
1628, 1466, 1288, 1211 cm™. HRMS calcd for C21H19N203 [M+H]* 343.1390, found 303.1376

Benzo[4,5]imidazo[2,1-a]isoquinolin-6-yl(phenyl)methanone (46pa)
Yellow solid (79 mg, 49%); mp 148-150 °C; *H NMR (400 MHz, CDCls3) &
0 Q 8.93 (d, J = 7.9 Hz, 1H), 8.15 (d, J = 7.2 Hz, 2H), 8.04 (d, J = 8.2 Hz, 1H),
7.84—7.68 (m, 4H), 7.61 (t, J = 7.7 Hz, 2H), 7.56 — 7.47 (m, 2H), 7.31 - 7.25
(m, 2H); 3C NMR (100 MHz, CDCls) & 189.0, 147.6, 144.1, 135.9, 134.6,
133.5, 130.6, 130.3, 130.0, 129.8, 129.5, 129.0, 127.9, 125.3, 124.7, 124.6,
122.2, 120.0, 116.9, 114.1; IR (KBr): 2924, 2854, 1651, 1450, 1288 cm™; HRMS calcd for
C22H15N20 [M+H]*323.1179, found 323.1156.
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Benzo[4,5]imidazo[2,1-a]isoquinolin-6-yl(o-tolyl)methanone (46qa)

Yellow solid (87 mg, 49%); mp 158-160 °C; *H NMR (400 MHz, CDClz) &
8.91 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.82 — 7.73 (m, 2H), 7.72
—7.67 (m, 3H), 7.59 — 7.50 (m, 2H), 7.45 (d, J = 7.6 Hz, 1H), 7.38 — 7.31 (m,
2H), 7.18 (s, 1H), 2.66 (s, 3H); *°C NMR (100 MHz, CDCls) § 190.6, 147.6,
144.1, 140.3, 135.9, 135.3, 132.9, 132.1, 131.4, 130.3, 130.2, 130.1, 129.5,
128.1, 125.8, 125.3, 124.9, 124.7, 122.2, 120.0, 118.5, 114.6, 21.1; IR (KBr): 3055, 2924, 1659,
1450, 1211 cm™; HRMS calcd for C23H17N2O [M+H]* 337.1335, found 337.1362.

Benzo[4,5]imidazo[2,1-a]isoquinolin-6-yl(4-methoxyphenyl)methanone (46ra)
Yellow solid (86 mg, 47%); mp 172-173 °C; 'H NMR (400 MHz,
o) Q CDCl3) 6 8.92 (d, J = 7.8 Hz, 1H), 8.12 (d, J = 8.8 Hz, 2H), 8.04 (d, J
= 8.1 Hz, 1H), 7.81 - 7.68 (m, 3H), 7.55 — 7.44 (m, 2H), 7.31 — 7.24
(m, 1H), 7.21 (s, 1H), 7.05 (d, J = 8.9 Hz, 2H), 3.94 (s, 3H); *C NMR
(100 MHz, CDCls) 5 187.8, 165.0, 147.6, 144.1, 133.6, 133.1, 130.3,
129.8, 129.7, 129.6, 128.6, 127.7, 125.3, 124.6, 124.4, 122.2, 119.9, 115.4, 114.4,114.0, 55.7; IR
(KBr): 2924, 2847, 1643, 1450, 1257, 1165 cm™; HRMS calcd for Ca3H17N20, [M+H]* 353.1285,
found 353.1256.

(3-(2-Bromophenyl)-2-(1H-imidazol-1-yl)-1-phenylprop-2-en-1-one (47aa)
o /= Yellowoil (75 mg, 40%); 'H NMR (400 MHz, CDCls) § 7.82 — 7.75 (m,
NN 2H), 7.58 — 7.51 (m, 2H), 7.49 (s, 1H), 7.46 — 7.36 (m, 3H), 7.14 — 7.01 (m,
3H), 6.84 (s, 1H), 6.60 (dd, J = 7.6, 1.6 Hz, 1H). 3C NMR (100 MHz, CDCls)
Br 5 191.4,137.3, 136.5, 136.3, 133.7, 133.3, 133.1, 132.5, 131.4, 130.0, 129.5,
129.4, 128.7, 127.9, 125.2, 119.6; MS-ES for C1sH14BrN.O [M+H]* 353.03, found 353.10 and
[M+H+2]* 355.11.
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4.1 INTRODUCTION

Pyrazolo[5,1-a]isoquinolines is an azaheterocycle scaffold embedded with two bioactive
isoquinoline and pyrazolo[1,5-a]pyridine frameworks, which is present in a significant number of
pharmaceutically relevant molecules that exhibit remarkable biological activities (Figure 4.1). The
pyrazole fused isoquinolines derivatives are used as an antagonist for dopamine D4 receptor, CB1
cannabinoid receptor, adenosine receptor and also used as the antibacterial agent.['* It is also

showing potential inhibition of CDC25B, TC-PTP, PTP1B and phosphodiesterase 10A.57!

Me
\
N
N
M
Me ©

Antibacterial agent

Dopamine D4 receptor CB1 cannabinoid

antagonist receptor antagonist
Me 0
I
. N
N /N
= _N N
L Ph N= COOH
Ph
Me” S N‘N/
CDC25B, TC-PTP
Phosphodiesterase 10A inhibitor and PTP1B inhibitor Adenosine receptor antagonist

Figure 4.1: Representative examples of some bioactive pyrazolo[5,1-a]isoquinolines
4.1.1 Synthetic routes for the construction of pyrazolo[S,1-a]isoquinolines

Due to their great biological importance, the synthesis of pyrazolo[5,1-alisoquinoline has special
attention of organic chemists. In this regard, Wu and coworkers consecutively developed variety
of synthetic route for the construction of pyrazolo[5,1-a]isoquinoline derivatives (4, 6, 8 and 10)
via multicomponent reactions using 2-alkynylbenzaldehyde (1) and N-tosylhydrazides (2) as key
precursor with different ¢, f-unsaturated aldehydes or ketones (3) (Scheme 4.1a),”®! o-methylene

aldehydes/ketones (5) (Scheme 4.1b),! tertiary amines (7) (Scheme 4.1¢),!'”) and a-methylene
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nitriles (9) (Scheme 4.1d),/”! under AgOTT catalyst or with the combination of CuCly catalyst in

the presence of base.

MeO
R* o 4
| R
RIS Nps 7 R“J\/\R3 3 R
- - N
c AgOTf (5 mol %) AgOTf (5 mol %)
CuCl, (5 mol %) MeOH, KOH 27
. DCE, 30 °C, Air DCE, rt R 4
24 examples R3 = H, Me, Et CHO R3 = H, Ph, tolyl, 4-BrCgH, 24 examples
Yields: 56-99% R* = Et, Pr, Pr, Bu R14©Q 2-furyl, 3-pyridyl, Et Yields: 51-93%
4 -
L % I R H
N R
Ts-NHNH, 2 0 R3 i
1 3
R3\/CN 9 R2 =H, 4-F, 5-F, 5-CI R\)J\R4 5 R
AgOTf 10 mol %) | R = Ph. 4-MeCgH, AgOTf 10 mol %) N,
d ) 4-CICgH,, °Pr, n-Bu
DABCO, 1,4-dioxane K3POy4, EtOH, 70 °C 27
70 °C R
18 10 | R3 = CN, COOEt R3 = Me, Et, Ph, 2-OMeCgH, 6
examples . _ 25 examples
Yields: 65-98% 4-OMeCeHy, 4-CICqH, Yields: 31-98%

R* = H, Me, Et, CH,CO,Et

Scheme 4.1: Synthesis pyrazolo[5,1-a]isoquinoline derivatives under AgOTT catalyst

Later on, the same group further synthesized 2-amino-pyrazole fused isoquinoline derivatives (14)
via multicomponent reaction of N'-(2-alkynylbenzylidene)-hydrazides (11), alkynes (12), and
sulfonyl azides (13) with combination AgOTf and CuBr as catalyst system (Scheme 4.2a).[%]
Notably, 4-nitrophenylacetylene and 4-pyridylacetylene did not work in this protocol. Aliphatic
alkyne reacted well and afforded corresponding products in slightly less yield. The transformation
proposed to proceed through 6-end cyclization, [3+2] cycloaddition followed by aromatization.
Peng group have also described synthesis of 2-amino-1H-pyrazolo[5,1-a]isoquinolines (16)
synthesis in moderate to good yield (54-80%) using a similar precursor with N-allylynamides (15)
in the presence of AgOTf and Pd(OAC): co-catalyst (Scheme 4.2b).[*?]

Subsequently, the same group further developed a protocol in the construction pyrazole fused
isoquinolines (18) by the reaction of N'-(2-alkynylbenzylidene)-hydrazides (11) with
bromoalkynes (17) using AgOTf/Cul co-catalyst system (Scheme 4.2c).[*!

Wu group reported the synthesis of 2-carbonyl-1H-pyrazolo[5,1-a]isoquinolines (20) from N'-(2-
alkynylbenzylidene)-hydrazides (11) and allenoates (19) in the presence of co-catalyst AgOTf and
Cu(OAC)2 under O, atmosphere (Scheme 4.2d).[**! In this protocol, the carbonyl oxygen in the
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product was formed through peroxy-Cu(lll) intermediate which is formed by the reaction of
Cu(OAc)2 and molecular oxygen. The rest of the steps were the same as aforementioned in the
synthesis of 2-amino-1H-pyrazolo[5,1-a]isoquinolines.

27 examples
Yields: 35-75%

/

25 examples
Yields: 54-80%

16

25 examples
Yields: 54-80%

16 examples
Yields: 42-71%

R'=H, 4-F, 5-F, 5-Cl 5
R®=H, Me, Ph; R = n-Bu, Et R? = Ph, 4-MeCgHy, 4-CICqH,,°Pr, n-Bu  R®=H. n-Bu, Ph, 4-OMeC¢Hy, 4-CICqH,

Scheme 4.2: Synthesis of [5,1-a]isoquinolines from N'-(2-alkynylbenzylidene)-hydrazides

Wu group also discovered an efficient and facile pathway towards the synthesis of pyrazolo[5,1-
alisoquinolines (23) via Cu(I)-catalyzed domino reaction of 2-alkynylbromobenzenes (21) and
pyrazoles (22) (Scheme 4.3).1"] The reaction was proposed to procced via hydroamination of
pyrazoles (22) with alkynylbromobenzenes (21) took place in the presence of Cul, NHC (N-
heterocyclic carbene), and KOH. Followed by Cu(I)-catalyzed intramolecular direct C-H arylation
led to pyrazolo[5,1-a]isoquinolines (23). Various o-alkynlbromobenzenes (21) bearing both
electron-rich and poor substituents reacted smoothly under this protocol and afforded the desired

product in moderate to good yields (45-68%).
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Cul (10 mol %)

Br 3 0,
" . N\?/R NHC (10 mol %) Et” LN
< HN. ~ 2, 6-diethylaniline a ¢ ]
S R2 (10 mol %) ; £t N
21 22 KOH (2 eq.) 5 Et
1 DMSO, 110 °C .
R"=H, 4-Me, 5-CI 15 examples ' NHC
R? = Ph, 4-MeCgH,, 4-OMeCgHy, 4-CICgH, Yields: 45-68%
R3 = H, 3-Ph, 3-(4-OMeCgH,), 4-Me NHC = N-heterocyclic carbene

Scheme 4.3: Cu(I)-catalyzed synthesis of pyrazole fused isoquinolines from 21 and 22

Fu group disclosed the synthesis of 5-amino-1H-pyrazolo[5,1-a]isoquinolines (26) via
multicomponent reaction of 1-(2-bromophenyl)-3-arylprop-2-yn-1-one (24), ethyl-2-cyano
acetate/f-keto nitriles (25) and hydrazine hydrochloride in the presence of copper-catalyst
(Scheme 4.42).['% Li and coworkers further improved the synthesis of 5-amino-1H-pyrazolo[5,1-
alisoquinolines (26) by the domino reaction of 5-(2-bromophenyl)-1H-pyrazoles (27) with active
methylene nitriles (9) via copper-catalyst in the presence of heterocyclic ketene aminals (HKAs)

as ligand under mild reaction condition (Scheme 4.4b).!!7)

R¥>CN 9 R?
o Br P R2 R? Cul (10 mol %) Cul (10 mol %) N/ |
° Ligand (10 mol %) N
~ NC/\H/ KSPO4 (5eq.) NaOH (2 eq.) ’ ”
o) DMF, 100 °C DMSO, 60 °C
24 24 h, N, 1h, N, Br R
NH,NH,-HClI 27
24 examples 22 e%amplei
(a) Yields: 47-88% Yields: 48-92% (b)
O O
R'=H, 5-OMe, 5-CI R'=H, 4-F
R2 = Ph, 4-CNCgH,, n-hexyl, SiMe, Ligand = | R2 = NHPh, NH(4-OEtCgH,4), NH(4-FCgH,)
R3 = OMe, OEt, OBu HN” "NH NH(4-CF3CgHy)
J/ R3 = CN, COOEt, CONH,, COPh

Scheme 4.4: Synthesis of 5-amino-1H-pyrazolo[5,1-a]isoquinolines via Cu(I)-catalyzed
C—-C/C—-N bond formation

Zhang et al. have also documented the synthesis of pyrazolo [5,1-a]isoquinolines (29) by
palladium catalyzed three-component reaction of 1-(2-bromophenyl)buta-2,3-dien-1-ones (28),
hydrazine hydrate and alkynes (12) (Scheme 4.5).['®) In this methodology, initially, condensation
reaction took place between 1-(2-bromophenyl)buta-2,3-dien-1-ones and hydrazine hydrate to

produce 5-(2-bromophenyl)-1H-pyrazole (30). Pd(OAc)> mediated Sonogashira coupling of 5-
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(2-bromophenyl)-1H-pyrazole (30) with alkynes (12) led to intermediate (31) which on further

intramolecular 6-endo hydroamination afforded pyrazolo[5,1-a]isoquinolines (29).

R3
% 1
s Pd(OAc), (5 mol %) R
. R . TFP (10 mol %)
2 —R
Br R + NHQNH2H20 + K2CO3 (3 eq) R4 [
28 12 DMF, 100 °C, 12 h, N, 29
R'=H, 4-Me, 5-OMe, 5-Cl, 5-CF5; R?> = H, Me, Et 24 examples
__R%=Me, Et, n-Pr; R*= Ph _‘_‘_"_"?_Qq't'r_s_‘_‘_@!‘?@'_"_s_ :'5_ 9'\5'?9@"_'5 B Yields: 41-82%
R3
O R2
\
1 | N
R R Pd OAc), H Intramolecular
Br -
28 , Condensatlon 30 Sonogashlra s / Hydroamination
+ coupling 31 N R
NH,NH, H,0 =

Scheme 4.5: Scheme: Pd(II)-catalyzed synthesis of pyrazolo[5,1-a]isoquinoline analogues

Ackermann and Li group independently reported the synthesis of pyrazolo[5,1-a]isoquinoline
analogues (34) by Rh/Ru-catalyzed oxidative annulation using 5-aryl-1H-pyrazoles (32) and
internal alkynes (33) as starting materials (Scheme 4.6a & b).['% Yang group reported the
synthesis of pyrazolo[5,1-a]isoquinolines from 5-aryl-1H-pyrazoles (32) using a-diazocarbonyl

compounds (35) under [Cp'RhCl,]>-catalysis (Scheme 4.6¢).2!]

R3—=——R* 33
[Cp*RhCl,], (2 mol %), Cu(OAc), (2.2 eq. )

Me,CO, 110 °C, 12 h
25 examples; Yields: 25-95%

R? R3-=—R* 33 R?
(b) [RUCly(p-cymene)], (5 mol %) 7 \
(AN AgSbFg (20 mol %), Cu(OAc), (2 eq.) N\N
N DCE, 100 °C, 20 h, air
20 examples; Yields: 50-77% RN
N>

4
32 R% +.. R®=Me nPrPh R" 34
R* 35 4=
R' = H, 4-OMe, 4-Cl, 4-NO,, 4-CN | (c) R"~ COMe, COPh, COOMe

0
R2=H, Me [Cp*RhCly], (5 mol %), AgSbFg (20 mol %) /
R3= R*= Ph, n-Pr, 4-OMeCgHs THF. rt. 24 h. Ar

4-CICgHs, 4-FCeHs 22 examples; Yields: 25-99%

R1

R1

Scheme 4.6: Ru/Rh-catalyzed preparation of pyrazole fused isoquinolines from 5-arylpyrazoles
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4.1.2 Nickel-catalyzed direct C-H arylation by using haloarenes/pseudohalidearenes

As discussed in previous, direct C-H arylation reactions have been emerged as an important tool
for the construction of N-heterocycles. The majority of direct C-H arylation reactions have been
documented by Pd, Ru, Rh, and Cu.[?*>*) Nickel catalyzed arylation reaction recently has gained
significant focus due to the same chemical feature as Pd/Pt catalyst. Also, nickel is abundant,
inexpensive, possess low toxicity and has small atomic radii than Pd/Pt which facilitates the
activation of unreactive C—H bond.*%3¢ Several methods have been reported for intermolecular
direct arylation reaction in the presence of nickel catalyst by using pre-activated substrate for
example boronic acid/ester, Grignard reagent, organozinc compounds, carboxylic acid
derivatives.?3!: 37 However, C-H arylation in the presence of a nickel-based catalyst by using
haloarenes and arenes are less explored. In this regard, Itami group reported the direct arylation
reactions on azoles (36) such as imidazole, oxazole, and thiazole by using aryl halides (37) in the

presence of Ni(OAc); as a catalyst, bipyridine as a ligand (Scheme 4.7a).5383

1 Ni(OAc); (10 mol %)
22~ N R bipy (10 mol % =7~ N

’ E S—H + x@ o 2 i ”: \>_@ a
RSN ‘BuOLi (1.5 eq.) Sy -t ~x R

1,4-dioxane, 85-140 °C

36 37 38
1 36-40 h
X=Br |, 0Ts R' = 2-Me, 3-Me, 4-Me,4-OMe 31 examples
Y =NMe, O, S 4-Cl, 4-CN, 4-CF3, 2-thienyl Yields: 41-91%

1). Ni(OAc), (10 mol %) CN

CN
Me N, >_ bipy (10 mol %) Me N —
| s> + o} ‘BuOLi (1.5 eq.) I N e} b
BuOOC S

1,4-dioxane, 100°C, 40 h  BUuOOC

39 40 41
2). CF3COOH, DCM Febuxostat, 51%
\ cl 1). Ni(COD), (10 mol %) cl
o/\ N bipy (10 mol %) N .
QN g + | BuOLi (1.5 eq.) HO D
DME, 100 °C, 40 h O
(0] Cl > 0 Cl
42 43 2). HF-pyr 44

Tafamidis, 71%

Scheme 4.7: Nickel-catalyzed direct C-H arylation of azoles

The developed method was utilized for the synthesis of drug candidate febuxostat (41) (Scheme
4.7b) and tafamidis (44) (Scheme 4.7c¢).
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The proposed mechanism of Ni(Il)-catalyzed arylation is shown in Scheme 4.8. Initially, active
Ni(0)-species was produced by coordination of Ni(II) with bipyridine which on oxidative addition
with aryl halides formed nickel complex (I). Insertion of azoles in nickel complex (I) generated
nickel complex (II) in the presence of a base. Finally, reductive elimination led arylated product

38 and generated a Ni(0) for further catalytic cycle.

Ni(OAc),

J bipy

Ni(0)

Reductive
elimination

" SO0
U \oWO NN
< . e R
\A/N RT_ W H—Q j[ )
Y*( N

LiX + '‘BuOH
Scheme 4.8: Catalytic cycle of nickel-catalyzed C-H arylation

Miura et al. described nickel catalyzed direct arylation of oxazoles and thiazole with arylbromide
(Scheme 4.9)*%! It was found that addition of 0.5 eq. of Zinc powder increased the yields in case

of oxazole and benzoxazoles.

, . NiBr, (10 mol %)
. \ / 1, 10-Phen (12 mol %)

~ N { R! . : _~<_N p—
r with or without Zn powder r
> e e it I
k\\\/ X k\\\ - R1

‘BuOLi (4 eq.) ¥ TTX
36 37 diglyme, 150 °C 38
4-6 h
X=0,8 20 examples
R' = 2-Me, 3-Me, 4-Me, 4-OMe, 4-Cl, 4-F, 4-CN, 4-CF4 Yields: 44-96%

1-naphthyl, 9-bromophenanthrene

Scheme 4.9: NiBr>-catalyzed direct arylation of oxazoles and thiazoles
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Itami and coworkers also disclosed Ni(II)-catalyzed direct arylation of benzamidazoles/imidazoles
using chlorobenzenes in the presence of dcype (1,2-bis(dicyclohexylphosphino)ethane)) as a

ligand, K3PO4 as a base in tert-Amyl alcohol at 110 °C for 36 h (Scheme 4.10).[4!]

Ni(OTf), (10 mol %)

~=~_~N R! o ==~ _-N

- r

£ E S h N CI@ dopye (12 mol %) i ﬂi \>_@ 1

N X Sy X R
38

K3PO4 (3 eq)
36 37 famyl-OH, 110 °C
6 examples

= CR1= 36 h
X =NMe, NBn, NPh; R' = H, 4-CN Yields: 64-86%

Scheme 4.10: Ni(OTf),-catalyzed direct arylation of imidazoles using chlorobenzenes

Chatani group described the first time nickel-catalyzed ortho-C-H arylation of amide bearing 8-
aminoquinoline as a bidentate group (45) and led to the formation of isoquinolinones (47) without
the use of any oxidant (Scheme 4.11).[*?! This reaction proceeds through the first insertion of
internal alkynes (46) to ortho C-H of amides (45) facilitated by nickel catalyst followed by

intramolecular hydroamination to give isoquinolinones (47).

1 N \ Ni(COD), (10 mol %) N \
R H N + R3 — R2 PPh3 (40 mol %) R1 N=<
y =

3
toluene, 160 °C R

6 h R?
45 46 47
R" = H, 4-Me, 4-NMe,, 4-CF3, 4-Ac, 4-CN, 3-OMe, 3-OCF, 2-Ph 26 examples
R2 = Me, Et, Pr, Bu Yields: 20-98%

R® = Pr, Bu, Ph, 4-OMeCgH,4, 4-CF3CgH,

Scheme 4.11: Synthesis of isoquinolinones via chelation assistant Ni(II)-catalyzed arylation

Similarly, the same group also documented arylation at ortho C-H of amides having quinoline as
directing group (48) from aryliodides (49) in the presence of nickel triflate as catalyst (Scheme
4.12).[4
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o) | 0
1 N \ Ni(OTf), (5 mol %) » N |
R H Nx + Na,CO5(3 eq.) Ho Ne
H
R? toluene, 160 °C, 20 h O
2
45 37 48 R
R'=H, 2-Ph, 2-CF3, 2-CF3, 3-Me, 3-Cl, 3-COMe, 3-NMe, 24 examples

1-naphthyl, 2-thienyl, 3-thienyl, 3-pyran Yields: 40-91%

R? = 4-Me, 4-OMe, 4-Ph, 4-Cl, 4-COOMe, 4-CF4
2-thienyl, 7-indolyl

Scheme 4.12: Nickel-catalyzed direct arylation using bidentate-auxiliary

Qiu and team demonstrated nickel-catalyzed direct thienylation of inert Csp3-H aliphatic amide
containing 8-aminoquinoline auxiliary (Scheme 4.13).1*! Variety of thiophenes having electron-
releasing and electron-withdrawing substituents reacted smoothly and delivered the desired
product in moderate to good yields. Heteroaryl bromides such as 2-bromopyridine and 5-

bromoindole also reacted well under this protocol.

o)
o NiBr, (10 mol %) R!
R! N MesCOOH (20 mol %) R? H
R2 N + RUE S—8B Na,CO3 (2 eq.
noT | S>_ r 2C03 (2 eq.) ~ N
H X TBAI (2 eq.) S8
49 50 DMF, 160 °C, 24 h R 51
R' = H, Me, Et, Ph R® = H, 5-Br, 5-Cl, 5-COOEt 27 examples

R? = Me, Et, Ph, Bn 5-COOH, 5-CHO, 5-B(OH),, 5-thienyl Yields: 41-82%

Scheme 4.13: Nickel-catalyzed heteroarylation of an aliphatic amide having bidentate-auxiliary

Kozlowski and co-worker described Ni(Il)-catalyzed intramolecular direct C-3 arylation of
pyridinium ion (52) for the synthesis of azaflurenes (53) (Scheme 4.14).*1 The electron
withdrawing substituents on arylbromides (52) reacted very well and afforded corresponding
products (53) in high yield as compared to electron-releasing substituents. This protocol was
limited to aza-fluorenes (52), and it did not work for the synthesis of a fused 6-membered ring.

DFT-calculation supported the proposed mechanism of this reaction.

181



Chapter 4

R R’ R?
| N X . NiCl,(DME) (5 mol %), 1, 10-Phen (6 mol %) (iQ
NER DBU (5 eq.), DMF, 120 °C, 1-12 h \
I|3nBr 52 én 53
R'=H, Me 9 examples
R? = H, 4-CN, 4-CO,/Pr, 4-CO,/Bu, 4-CONBn, Yields: 48-95%

SO,NH,, 4,5-F2, 3-Me-5-OMe

Scheme 4.14: Synthesis of azafluorenes via Ni(I)-catalyzed intramolecular arylation
Inspired from the biological importance, existing methods for the synthesis of pyrazolo[5,1-
alisoquinolines and nickel-catalyzed C-H arylation, we aimed to synthesize pyrazolo[5,1-
alisoquinoline framework (56) from N-alkylated pyrazoles (54) and 2-bromobenzaldehydes (55)
under Ni(II)-catalysis (Scheme 4.15)

0 N=L_R? CHO
3 Br Ni(acac),, PCy3
R' " -
K,CO3, DMSO, 150 °C
RS 16 h, N, atm
54 55

Scheme 4.15: Synthesis of aroyl substituted pyrazole fused isoquinolines
4.2 RESULTS AND DISCUSSION

To examine the feasibility of our designed tandem reaction, initially 1-aryl-2-(1H-pyrazol-1-
yl)ethan-1-one (54a-m) were synthesized by the reaction of pyrazoles (22) with 2-bromo-1-
arylethanones (57) in the presence of K.COz in 1,4-dioxane at 60 °C for 5 h. The compound 54a
was characterized by NMR and IR. In the *H NMR spectrum of 54a, a singlet appeared at & 5.64
for CH; of ethanone, a triplet at 6 6.40 and doublet at & 7.62 for C4-H and Cz-H of pyrazole,
respectively along with other peaks at their respective position (Figure 4.2). In the 2*C-NMR of
54a, a peak at 192 of a ketonic group along with all other expected carbon confirmed the structure
of 54a (Figure 4.3). A strong peak appeared at 1697 cm™ for C=0 stretching in the IR spectrum
of 54aa, (Figure 4.4).
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Figure 4.2: 'H NMR spectrum of 54a
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Figure 4.4: IR spectrum of 54a

At the outset, we chose 1-phenyl-2-(1H-pyrazol-1-yl)ethan-1-one (54a) and 2-bromobenzaldeyde
(55a) as model substrates to optimize the reaction conditions for the proposed tandem reaction.
The results of the optimization experiments are summarized in Table 4.1. The reaction of 54a and
55a was initiated in the presence of Pd(OAc). and K>COz in N, N-dimethyl acetamide (DMA) at
150 °C under a nitrogen atmosphere (entry 1, Table 4.1) by following our previous work on the
synthesis of aza-fused isoquinolines.*®! However, only traces of phenyl(pyrazolo[1,5-
aJisoquinolin-5yl)methanone (56aa) was observed on TLC which was confirmed by HRMS. We
then examined Co(acac)., and Ni(acac). under similar conditions and to our satisfaction both
resulted in 56aa in 28% and 35% yield, respectively (entries 2-3, Table 4.1). The structure of 56aa
was characterized by using various spectroscopic techniques such as NMR, IR, and MS. In the H
NMR spectrum, characteristic singlet appeared at ¢ 7.25 ppm for Ce¢-H, and two doublets at 6 8.00
and 7.10 ppm for C;1-Hand C»-H, respectively along with other expected protons at their respective
positions were observed (Figure 4.5). The carbonyl carbon of ketone appeared at 6 189.44 ppm
along with all other expected peaks in the 3C NMR spectrum (Figure 4.6). In the IR spectrum of

56aa, strong peaks appeared at 1668 which confirmed the presence of C=0 functionality in the
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molecule (Figure 4.7). In the HRMS spectrum, peak at m/z 273.1023 for the [M+H™] ion further

confirms the structure of 56aa (Figure 4.8).
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Figure 4.7: IR spectrum of 56aa
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Figure 4.8: HRMS spectrum of 56aa

With our initial success in the synthesis of 56aa, we proceeded to examine the effect of solvents
on the yield of 56aa using Ni(acac). as a catalyst of choice. The best yield of 56aa (52%) was
obtained in DMSO (entries 4-6, Table 4.1). In the case of toluene, only the Knoevenagel product
57a/57a’ (45%) was isolated from the reaction mixture (entry 6, Table 4.1). Next, we studied a
series of potential ligands such as PCys, 1,10-phenanthroline, xanthphos, PCyzHBF4 and PPhs in
the catalysis of the reaction under investigation (entries 7-11, Table 4.1).
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Table 4.1: Optimization of reaction condition for the synthesis of pyrazolo[5,1-a]isoquinoline.?

o ,,\l/ CHO
N / Br
+
54a 55a

Catalyst
Ligand , Base

Solvent, 150 °C, 16 h

N=
[

B

3¢

57a/57a’

Entry Catalyst Ligand Base Solvent % Yield of
56aa”

1 Pd(OAcC)2 - K2COs3 DMA trace
2 Co(acac)2 - K2COs3 DMA 28
3 Ni(acac)2 - K2CO3 DMA 35
4 Ni(acac): - K2CO3 DMSO 52
5 Ni(acac)2 - K2CO3 DMF 39
6 Ni(acac): - K2COs Toluene 45°¢
7 Ni(acac)2 PCy3¢ K2CO3 DMSO 68°"
8 Ni(acac): 1,10-Phent K.COs DMSO 40
9 Ni(acac): PCys-HBF4 K2CO3 DMSO 20
10 Ni(acac): Xanthphos K2COs3 DMSO 12
11 Ni(acac): PPh3 K2CO3 DMF 34
12 Ni(OAC)2¢4H20 PCys K2CO3 DMSO 15
13 Ni(PPh3).Cl PCys K2COs DMSO trace
14 NiCl2+6H.0 PCys K2CO3 DMSO 12
15 Ni(acac): PCy3 K3POs4 DMSO 7
16 Ni(acac): PCys Cs2CO0s DMSO 19
17 Ni(acac): PCys NaOMe DMSO 15
18 Ni(acac): PCys DIPEAY DMSO 28°
19 Ni(acac): PCys K2CO3 DMSO 18¢
20 Ni(acac): PCys K2COs DMSO 40°
21 Ni(acac)2 PCys K2CO3 DMSO 109
22 Ni(acac). PCys K.COs DMSO trace”
23 Ni(acac). PCys - DMSO NR!
24 - PCys K2CO3 DMSO -

aReaction conditions: 54a (0.537 mmol), 55a (0.590 mmol), base (3 eq.), catalyst (20 mol %),
ligand (30 mol %) at 150 °C, 16 h under N, atmosphere. Plsolated yield. ¢Yield for the mixture of
57a/57a’. 9PCys = tricyclohexyl phosphine, 1,10-Phen = 1,10—Phenanthroline, DIPEA = N,N-
Diisopropylethylamine. ®At 80 °C 56aa was obtained in 18% yield along with 57a/57a’ in 61%
yield after 24 h. 'Yield of 56aa was 40% when 10 mol % Ni(acac)2 and 20 mol % PCys were used.
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956aa was obtained in 10% yield along with 57a/57a’ under air atm. after 16 h. "56aa was observed

in traces along with 57a/57a’ under oxygen atm. after 16 h. 'NR = no reaction.

We noticed that the reaction efficiency improved significantly with the use of PCys compared to
the other ligands, furnishing 56aa in 68% yield (entry 7, Table 4.1). Subsequently, a variety of
nickel salts (Ni(OAc)2+4H20, Ni(PPhz)2Cl2 and NiCl2+6H20) were examined, however, somewhat
disappointing results were obtained (entries 12-14, Table 4.1). The efficacy of the reaction was
found to decrease in the presence of these salts dramatically. To further fine-tune the reaction
conditions, we then shifted our focus on the effect of base and temperature on the reaction outcome.
Several inorganics (K3PO4, Cs,CO3, NaOMe) and organic (DIPEA) bases were screened in the
presence of the Ni(acac). catalyst and PCys ligand mixture (entries 15-18, Table 4.1).

As indicated in Table 4.1, poor yields of the desired product 56aa were obtained in the presence
of other inorganic bases (entries 15-17, Table 4.1), while the reaction failed to afford desired
product in the presence of the DIPEA and only the Knoevenagel product was obtained in 28%
yield (entry 18, Table 4.1). Decreasing the reaction temperature to 80 °C resulted in the formation
of 56aa in low yield (18%) along with the Knoevenagel adduct (57a/57a’) in 61% yield after 24 h
(entry 19, Table 4.1). It is worthwhile to mention that decreasing the catalyst loading to 10 mol %
and the ligand to 20 mol % diminished the yield of 56aa (entry 20, Table 4.1). Notably, desired
product was formed in very less amount, when reaction was performed in the presence of air or
oxygen atmosphere (entries 21-22 Table 4.1). The reaction did not take place in the absence of a
base (entry 23, Table 4.1). Formation of 56aa was not detected in the absence of Ni(acac). under
the optimized conditions and only Knoevenagel product was obtained in 68% vyield (entry 24,
Table 4.1).

Having optimized the reaction conditions to prepare pyrazolo[5,1-a]isoquinoline, we turned our
attention to study the scope and limitations of this methodology. Initial efforts were made to
explore the reactions of 2-bromobenzaldehyde (55a) with variously substituted 1-aryl-2-(1H-
pyrazol-1-yl)ethan-1-ones (54a-m) to furnish the corresponding pyrazolo[5,1-a]isoquinolines. As
depicted in Table 4.2, we were delighted to achieve the synthesis of the compounds 56aa-ma in
decent yields using the optimized reaction conditions. Our results suggested that 1-aryl-2-(1H-
pyrazol-1-yl)ethan-1-ones (54a-h) with neutral or electron-releasing substituents on the 1-aryl ring

reacted smoothly to furnish corresponding pyrazolo[5,1-a]isoquinolines (56aa-ha) in moderate to
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good (43-72%) vyields. However, 1-aryl-2-(1H-pyrazol-1-yl)ethan-1-ones 54i and 54j with
electron-withdrawing on the 1-aryl ring gave the corresponding products 56ia (18%) and 56ja
(32%) in poor yields.

The reactions of 54 having substituents on the pyrazole ring with 55a yielded some interesting
results. 1-Aryl-2-(1H-pyrazol-1-yl)ethan-1-ones (54k and 54l) with bulky substituents (R2 =
isopropyl and Ph) at the C-3 and C-4 positions of the pyrazole ring reacted with 55a to give the
corresponding pyrazolo[5,1-a]isoquinolines 56ka and 56la in 75% and 35% vyields, respectively.
1-Aryl-2-(1H-pyrazol-1-yl)ethan-1-one (54m) with a bromo and (54n) with chloro substituent at
the C-4 position of the pyrazole ring gave corresponding product 56ma and 56na in 21% and 18%
yields, respectively. In the next series of experiments, we investigated the reactions of 54a and
54k with substituted 2-bromobenzaldehydes (55b-i) under the optimized reaction conditions
(Table 4.2).

It was found that 2-bromobenzaldehydes having either electron-releasing or electron-withdrawing
substituents participated well in the reaction to furnish corresponding pyrazolo[5,1-a]isoquinolines
(56ab-kf) in moderate to good yields (30-70%). Interestingly, 2-bromo heteroaromatic aldehydes
such as 2-bromo-3-pyridinecarboxaldehyde (55h) and 2-bromothiophene-3-carbaldehyde (55i)
also reacted smoothly with 54a to give corresponding products 56ah and 56ai in 66% and 56%
yield, respectively. It is worth mentioning that the reaction of 1-(2-bromophenyl)ethanone with
54a under the optimized reaction and resulted in a complex reaction mixture along with
corresponding desired product which enable to purified by column chromatograhpy. The peak at
m/z 287.1166 [M+H]* in HRMS analysis of the reaction mixture confirmed the formation of the

desired product.
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Table 4.2: Substrate scope of pyrazolo[5,1-a]isoquinolines (56)

R2
o Nj GHO Ni(acac), ( 20 mol %), PCy; (30 mol %)
Y K,COs3 (3 eq.), DMSO

150 °C, 16 h, N,

56ba, 72% 56ca, 72%
0} l/\l’ (0] [\l,
N _/
SaVER

56ga, 66%

56ea, 43%

(0] N—

56ab, 45%, X = Fx
56ac, 30% X = Cl

o l/\l’
N/

o)
56kb, 53%F 56ke, 31%! 56kd, 40% 56ke, 709%0M® 56kf, 62%

#Reaction conditions: 54 (0.537 mmol), 55 (0.590 mmol), K2COs (3 eq.), Ni(acac)2 (20 mol %)
and PCysz (30 mol %), 150 °C, 16 h, under N2 atmosphere

The structural confirmation of all synthesized molecules was done by 'H & *C NMR, IR, and
HRMS. The single crystal X-ray analysis unambiguously confirmed the structure of 56ae, the
single crystal structure ORTEP diagram of 56ae with 50% thermal ellipsoids is given in Figure
4.9 (CCDC No. 1569506). The three fused cyclic rings of the pyrazolo[5,1-a]isoquinoline moiety
are nearly planar. However, the phenyl ring of the benzoyl group (-COPh) substitution deviates by
73.04° concerning the main heterocyclic plane. The torsion angles of N1-C11- C12-C13, and C11-
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C12-C13-C18 are 43.77° and 29.27°, respectively. The carbonyl group C=0 is not in the plane of
either of the two adjacent rings and deviates from these planes with torsion angles of C10-C11-
C12-01 =39.01°, and C14-C13-C12-01 = 27.35°,

H19C  H18A H2

Figure 4.9: ORTEP diagram of 56ae

The compatibility of the developed method was further explored by reacting 54a and 54k with 3-
bromo-3-phenylacrylaldehydes (58) to give pyrazolo[1,5-a]pyridines 59aa and 59ak in 70% and
67% yields, respectively (Scheme 4.16).

R
Br Ni(acac), ( 20 mol %), PCy3 (30 mol %)
o N=\ X CHO K,COj (3 eq.), DMSO
Ph)k/N Y
58

150 °C, 16 h, N,

54a,R=H 59aa, 70%
54k, R = 'Pr 59ka, 67%

Scheme 4.16: Synthesis of pyrazolo[1,5-a]pyridine derivatives

Next, to obtain experimental support to elucidate the reaction pathway, some control experiments
were performed (Scheme 4.17). Initially, the reaction of 54a with 55a was carried out under the
optimized reaction conditions but at a lower temperature (80 °C). This resulted in a mixture of two
isomeric Knoevenagel condensation products 57a (E-isomer, 47%) and 57a’ (Z-isomer, 19%)
(Scheme 4.17A). The configuration of 57a’ was confirmed by X-ray crystallography and the
crystal structure ORTEP diagram with 50% thermal ellipsoids is given in Figure 4.10 (CCDC
1575940).
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Figure 4.10: ORTEP diagram of 57a’

Further, pure forms of both of these isomers, 57a and 57a’ were heated separately in the presence
of Ni(acac). under the optimized conditions, and cyclized product 56aa was observed from both
the isomers in good yields (Scheme 4.17B). It is quite likely that intramolecular cyclization might
be happening via 57a’ (Z-isomer) due to the spatial proximity of the reaction sites. It appears that
high temperature not only aids the catalytic process but also facilitates the isomerization of 57a
(E-isomer) to 57a’. In another experiment, the reaction of 54a with 55a was carried out in the
presence of NiCl,*6H-O, PCys and acetylacetone (30 mol %) under conditions analogous to the
optimized conditions, which afforded 56aa in 47% yield (Scheme 4.17C). The increase in the
yield of 56aa from 12% (Table 4.1, entry 14) to 47% when using acetylacetone along with
NiCl2¢6H>O suggests the involvement of Ni(0) in the catalysis of the reaction under
investigation.[*”]

Based on the current results and literature reports,#8-**a plausible mechanism invoking a cascade-
type cyclization is presented in Scheme 4.18. Firstly, the reaction of 54a with 56a in the presence
of K2CO3 generates the Knoevenagel condensation product 57. Simultaneously, Ni(acac). reacts
with PCys to form the active catalyst Ni(0), which undergoes oxidative addition with the
Knoevenagel product 57 to form the organo-nickel complex A. The formation of complex A, in
turn, leads to intramolecular C—H activation at the C—5 position of the azole to produce the cyclic
complex B. Finally, the reductive elimination of the complex B affords the product 56aa, along

with the concomitant release of the active Ni(0) for the next catalytic cycle.
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N= Ph N=
Ni(acac), (20 mol %) N Y I\Il Y
} PCys; (30 mol %)
g+
ph)JVN K,COj (3 eq.), DMSO, 80 °C H

H
40 min, N,
Br
54a 55a 57a , 19% 57a, 47%
/
N/\ \5 Ni(acac), (20 mol %) N \ Ni(acac), (20 mol %) N{ \5
B N PCy; (30 mol %) N PCys; (30 mol %) N
Ph N Ph N Ph H
K,CO5 (3 eq.), DMSO K,COj3 (3 eq.), DMSO N
O H Br 150 °C, 10 h, N, o) 150 °C, 10 h, N, o Br
57a" yield = 72% 56aa yield = 70% 57a
NiCl, 6H,0 (20 mol %)
CHO PCy3 (30 mol %)
¢ Q '/\l/ Br acetyl acetone (30 mol %)
)J\/N 7+ ’ .
Ph K,COj3 (3 €q.) , DMSO, 150 °C
16 h, N, atm.
54a 55a 5638, 47%
Scheme 4.17: Control experiments
0 N3 Ni(acac),
]
I \
54a K2C03 ) Ni(0)L
n o . (O)Ly, (@) N
CHO Knoevenagel Oxidative addition Ph Ni(
condensation Ph Br A L) Br
58 L
Br L =PCy; Observed in HRMS
552 m/z = 971.4225

C-H activation | -HBr

Ni{0} L
| (1)
N/\ \\_Ni—L
N
Reductive elimination © N
Ph B

Observed in HRMS
m/z = 891.5010

Scheme 4.18: Proposed reaction mechanism for Ni(ll)-catalyzed arylation
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4.3 CONCLUSIONS

In conclusion, we have successfully developed a simple one-pot synthesis of 5-substituted
pyrazolo[5,1-a]isoquinolines from 1-aryl-2-(1H-pyrazol-1-yl)ethan-1-ones via nickel-catalyzed
tandem cross aldol condensation and intramolecular carbon-carbon bond formation through C—H
activation. The easily accessible substrates, cheaper catalyst, ease of operation and good yields
make this method very practical for the synthesis of the biologically useful 5-substituted

pyrazolo[5,1-a]isoquinolines derivatives.

4.4 EXPERIMENTAL SECTION

General Information: Melting points were measured using an automatic melting point apparatus
and are uncorrected. The thin layer chromatography to monitor the progress of the reactions was
performed on 0.25 mm silica gel 60-F254. The *H and *C NMR spectra were obtained on a 400
MHz spectrometer. Coupling constant and chemical shifts were reported in Hertz (Hz) and parts
per million (ppm) respectively, downfield from tetramethylsilane as an internal with CDCls. IR
spectral values are expressed in cm™. The HRMS spectra were recorded on a Q-TOF mass
spectrometer in ESI mode. 3-bromo-3-phenylacrylaldehydes was synthesized by the reported
procedure.[®° All reagents and solvents were commercial grade and used as such without further

purification.

Representative procedure for the synthesis of l-aryl-2-(1H-pyrazol-1-yl)ethan-1-one: An
oven-dried RB flask was charged with 1H-pyrazole (0.500 g, 7.34 mmol) and K.CO3(2.02 g, 14.68
mmol) and was kept under a nitrogen atmosphere. Phenacyl bromide (1.46 g, 7.35 mmol) was
added portion wise. The reaction mixture was heated at 60 °C for 5 h. Reaction progress was
monitored by TLC. After completion of the reaction, 1,4-dioxane was evaporated, and the reaction
mixture was diluted with water (100 mL) and extracted by ethyl acetate (20 mL x 2). The combined
organic layer was dried over anhydrous Na>SOg, filtered and evaporated the ethyl acetate layer.
Crude solid compound was triturated with cold diethyl ether to provide pure 1-phenyl-2-(1H-
pyrazol-1-yl)ethan-1-one (1a) in 67% (0.92 g) yield as off white solid.
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1-Phenyl-2-(1H-pyrazol-1-yl)ethan-1-one (54a)
Off white solid (0.92 g, 67%); mp 90-91 °C; 'H NMR (400 MHz, CDCls) &
Q)LNNQ 8.01 —7.99 (m, 2H), 7.67 — 7.63 (m, 1H), 7.62 (d, J = 1.6 Hz, 1H), 7.55 — 7.51
(m, 3H), 6.40 (t, J = 2.1 Hz, 1H), 5.64 (s, 2H); 1*C NMR (100 MHz, CDCl3) &
192.5,140.0 134.5, 134.1, 130.9, 129.0, 128.1, 106.6, 57.7; FT-IR (neat) 3140, 1697, 1597, 1211,
1087, 748 cm,

2-(1H-pyrazol-1-yl)-1-(p-tolyl)ethan-1-one (54b)
White crystalline solid (1.04 g, 71%); mp 136-138 °C; *H NMR (400
0 NNQ MHz, CDClz) 8 7.90 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 1.6 Hz, 1H), 7.53
(d, J = 2.2 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 6.40 (t, J = 2.1 Hz, 1H),
Me 5.61 (s, 2H), 2.45 (s, 3H); °C NMR (100 MHz, CDCls) § 192.0, 145.1,
139.9, 132.0, 130.9, 129.7, 128.2, 106.5, 57.6, 21.8; FT-IR (neat) 3124, 1689, 1597, 1288, 1188,
756 cm™,
1-(4-Methoxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one (54d)
o N= White crystalline solid (1.08 g, 68%); mp 140-141 °C; 'H NMR (400
N/ MHz, CDCl3) § 8.01 — 7.98 (m, 2H), 7.61 (d, J = 1.6 Hz, 1H), 7.54 (d, J
MeO =2.2Hz, 1H),7.01-6.98 (m, 2H), 6.39 (t, J = 2.1 Hz, 1H), 5.59 (s, 2H),
3.91 (s, 3H); *C NMR (100 MHz, CDCls) 6 190.8, 164.2, 139.9, 130.8, 130.5, 127.5, 114.2, 106.5,
57.4, 55.6; FT-IR (neat) 3140, 1681, 1597, 1265, 1066, 756 cm™.

1-(3-Methoxyphenyl)-2-(1H-pyrazol-1-yl)ethan-1-one (54e)
o N Light yellow solid (114 mg, 61%); mp 67-68 °C; *H NMR (400 MHz,
MeO N} CDCl3) § 7.61 (d, J = 1.1 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.52 (d, J
= 2.1 Hz, 1H), 7.50 (bs, 1H), 7.42 (t, J = 7.9 Hz, 1H), 7.18 (dd, J = 8.2,
2.2 Hz, 1H), 6.39 (s, 1H), 5.60 (s, 2H), 3.86 (s, 3H); *C NMR (100 MHz, CDCl3) § 192.3, 160.0,
139.9, 135.8, 130.9, 129.9, 120.6, 112.4, 106.6, 57.8, 55.5; FT-IR (neat) 2933, 1689, 1597, 1257,
1165, 756 cm™,
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1-(Naphthalen-2-yl)-2-(1H-pyrazol-1-yl)ethan-1-one (549)
0 N= Off white solid (0.89 g, 52%); mp 134136 °C; 'H NMR (400 MHz,
O N/ CDCl3) 6 8.54 (s, 1H), 8.04 (dd, J = 8.6, 1.7 Hz, 1H), 8.01 (d, J = 8.1 Hz,
O 1H), 7.97 — 7.90 (m, 2H), 7.69 — 7.61 (m, 3H), 7.58 (d, J = 2.2 Hz, 1H),
6.42 (t, J = 2.1 Hz, 1H), 5.77 (s, 2H); 3C NMR (100 MHz, CDCls) § 192.4, 140.0, 136.0, 132.4,
131.9,130.9,130.1,129.7,129.1, 129.0, 127.9, 127.1, 123.5, 106.6, 57.8; FT-IR (neat) 3084, 1662,
1455, 1288, 1107, 730 cm™.

2-(1H-Pyrazol-1-yl)-1-(thiophen-2-yl)ethan-1-one (54h)

NG Brown oil (0.86 g, 60%); *H NMR (400 MHz, CDCls3) § 7.75 — 7.74 (m, 1H),
<SJ)K/N 7 173 (bs, 1H), 7.61 (d, J = 1.7 Hz, 1H), 7.55 (d, J = 2.3 Hz, 1H), 7.19 — 7.16
\ (m, 1H), 6.39 (t, J = 2.1 Hz, 1H), 5.51 (s, 2H); 3C NMR (100 MHz, CDCls)
5 185.6, 141.0, 140.1, 135.1, 132.8, 130.9, 128.5, 106.7, 57.9; FT-IR (neat) 3086, 1662, 1450,
1292, 1099, 729 cm™,

1-(4-Chlorophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one (54i)
o N= White crystalline solid (1.10 g, 68 %); mp 134-136 °C; *H NMR (400
N/ MHz, CDCl3) 6 7.96 — 7.93 (m, 2H), 7.62 (d, J = 1.6 Hz, 1H), 7.53 — 7.51
C|/©)J\/ (m, 2H), 7.50 — 7.49 (m, 1H), 6.40 (t, J = 2.1 Hz, 1H), 5.60 (s, 2H); *C
NMR (100 MHz, CDClz) & 191.4, 140.7, 140.1, 132.8, 130.8, 129.6,
129.4, 106.8, 57.6; FT-IR (neat) 3109, 1705, 1581, 1211, 1087, 763 cm™.

2-(1H-Pyrazol-1-yI)-1-(4-(trifluoromethyl)phenyl)-ethan-1-one (54j)
o F‘} White crystalline (152 mg, 32%); mp 140-141 °C; *H NMR (400 MHz,
/@)J\/N 7/ CDCl3) §8.11 (d, J = 8.2 Hz, 2H), 7.80 (d, J = 8.3 Hz, 2H), 7.63 (d, J =
FAC 1.7 Hz, 1H), 7.54 (d, J = 2.3 Hz, 1H), 6.41 (t, J = 2.1 Hz, 1H), 5.64 (s,
2H); 3C NMR (100 MHz, CDCl3) § 191.7, 140.3, 137.2, 137.2, 135.3 (q, J = 33 Hz), 130.8, 128.6,

126.0 (g, J = 3.7 Hz), 123.3 (g, J = 271 Hz), 106.9, 57.9; °F NMR (375 MHz, CDCls) § -63.3; FT-
IR (neat) 3109, 1705, 1404, 1327, 1111, 763 cm..
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1-(4-Fluorophenyl)-2-(1H-pyrazol-1-yl)ethan-1-one (549)
0 N= Brownsolid (0.91 g, 61%); mp. 110-111°C; *H NMR (400 MHz, CDCls)
/@)J\/"i 7 §8.05-8.01(m, 2H), 7.61 (d, J = 1.6 Hz, 1H), 7.52 (d, J = 2.2 Hz, 1H),
F 7.22—-7.17 (m, 2H), 6.39 (t, J = 2.1 Hz, 1H), 5.59 (s, 2H); 3C NMR (100
MHz, CDCl3) 6 191.0, 166.3 (d, J = 256.7 Hz), 140.1, 130.9 (d, J = 9.5 Hz), 130.8, 116.23 (d, J =
22.1 Hz), 106.7, 57.6; FT-IR (neat) 3109, 1705, 1442, 1234, 1141, 761 cm™.

2-(3-1sopropyl-1H-pyrazol-1-yl)-1-phenylethan-1-one (54k)
ipr  Yellow solid (0.71 g, 69%); mp 95-96 °C; 'H NMR (400 MHz, CDCl3) &
0 "\l§ 8.01-7.99 (m, 2H), 7.67 — 7.62 (m, 1H), 7.54 — 7.50 (m, 2H), 7.43 (d, J =
©)VN 7 23 Hz, 1H), 6.21 (d, J = 2.3 Hz, 1H), 5.59 (s, 2H), 3.10 — 2.99 (m, 1H), 1.31
(d, J = 6.9 Hz, 6H); *C NMR (100 MHz, CDCls) § 192.7, 159.7, 134.6,
134.0, 131.40, 128.9, 128.1, 103.4, 57.5, 27.8, 22.9; FT-IR (neat) 3209, 2970, 1705, 1257, 1211,
1026, 717 cmL,

1-Phenyl-2-(4-phenyl-1H-pyrazol-1-yl)ethan-1-one (54l)
o0 N= Off white solid (0.232 g, 64%); mp 121-122 °C; *H NMR (400 MHz,
©)‘\/"I‘}Ph CDCls) 5 8.06 — 8.01 (m, 2H), 7.90 (s, 1H), 7.79 (s, 1H), 7.67 (t, J = 7.4
Hz, 1H), 7.58 — 7.51 (m, 4H), 7.39 (t, J = 7.7 Hz, 2H), 7.26 (d, J = 8.0
Hz, 1H), 5.65 (s, 2H); °C NMR (100 MHz, CDCl3) § 192.2, 137.5, 134.5, 134.2, 132.4, 129.0,
128.8, 128.2, 127.8, 126.5, 125.7, 124.1, 57.9; FT-IR (neat) 3102, 1658, 1450, 1282, 1078, 728
cm™,
2-(4-Bromo-1H-pyrazol-1-yl)-1-phenylethan-1-one (54m)
0 N= White crystalline solid (0.54 g, 60%); mp 138-139 °C; *H NMR (400
©)‘\/""}Br MHz, CDCl3) 6 8.02 — 7.99 (m, 2H), 7.71 — 7.65 (m, 1H), 7.57 (s, 2H),
7.57 —7.52 (m, 2H), 5.61 (s, 2H); **C NMR (100 MHz, CDCls) § 191.7,
140.6, 134.4, 134.2, 131.1, 129.1, 128.1, 94.1, 58.2; FT-IR (neat) 3125, 1697, 1597, 1219, 1088,
687 cm™.,

2-(4-Chloro-1H-pyrazol-1-yl)-1-phenylethan-1-one (54n)
o ’:\‘} White crystalline solid (0.225 g, 52%); mp 129-130 °C; *H NMR (400
©)‘\/N 7 C MHz, CDCls3) 6 8.00 (dd, J = 8.4, 1.2 Hz, 2H), 7.68 (tt, J = 7.6, 1.2 Hz,

1H), 7.57 — 7.53 (m, 4H), 5.58 (s, 2H); 3C NMR (101 MHz, CDCls) &
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191.7,138.5,134.3,134.2,129.1, 129.0, 128.9, 128.2, 58.3; FT-IR (neat) 3124, 1697, 1597, 1219,
1087, 748 cm™*

Procedure for the synthesis of 2-(1H-Pyrazol-1-yl)-1-(o-tolyl)ethan-1-one (54c)
Me O N An oven-dried RB flask was charged with 1H- pyrazole (22a) (200 mg, 2.94
"i} mmol), DMF (5 mL) and stirred at room temperature. To the reaction mixture
was added KOH (247 mg, 4.4 mmol) portion wise and after 20 min, 2-bromo-
1-(o-tolyl)ethan-1-one (0.751 g, 3.52 mmol) was added portion wise. Reaction progress was
monitored by TLC. After completion of the reaction, reaction mixture was diluted with ice-cold
water (50 mL) and extracted with ethyl acetate (2 x 20 mL). Combined organic layer was dried
over anhydrous NaxSOs, filtered and evaporated the ethyl acetate layer. Crude solid compound was
purified by column chromatography over silica (25% v/v EtOAc: Hexane) to obtain 2-(1H-
pyrazol-1-yl)-1-(o-tolyl)ethan-1-one (54j) as light yellow solid (59%, 110 mg); mp. 75-77 °C; 'H
NMR (400 MHz, CDCls) & 7.78 (d, J = 7.7 Hz, 1H), 7.62 (d, J = 1.4 Hz, 1H), 7.52 (d, J = 2.1 Hz,
1H), 7.47 (t, J = 7.5 Hz, 1H), 7.34 (t, J = 8.5 Hz, 2H), 6.40 (t, J = 2.0 Hz, 1H), 5.54 (s, 2H), 2.56
(s, 3H); °C NMR (100 MHz, CDCls) & 195.4, 140.0, 139.8, 134.3, 132.5, 130.9, 128.5, 125.9,

106.5, 59.2, 21.6; FT-IR (neat) 2927, 1666, 1597, 1242, 1035, 742 cm™.

General procedure for the synthesis of pyrazolo[5,1-a]isoquinoline derivatives (56aa—56kf):
An oven-dried sealed tube with a rubber septum was charged with 1-aryl-2-(1H-pyrazol-1-
yl)ethan-1-one (54a) (0.537 mmol), 2-bromoarylbenzaldehydes (55a) (0.590 mmol), K2COs (1.61
mmol), PCys (0.161 mmol) and dry DMSO (2 mL). The resulting slurry was evacuated and
backfilled with nitrogen gas. After 10 min, Ni(acac)2 (0.027 g, 0.107 mmol) was added then septum
was replaced with a screw cap to sealed vial tightly, and the reaction mixture was heated at 150
°C for 16 h. The reaction mass was allowed to cool to ambient temperature, diluted with ice-cold
water (20 mL) and extracted by EtOAc (2 x 30 mL). The combined organic layer was dried over
anhydrous Na>SO4 and evaporated to dryness under reduced pressure on a rotatory evaporator.
The crude residue was purified by column chromatography (12% EtOAc: Hexane) to afford

corresponding pyrazolo[5,1-a]isoquinoline derivatives.
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Phenyl(pyrazolo[5,1-a]isoquinolin-5-yl)methanone (56aa)

Light yellow solid (100 mg, 68%); mp 134-136 °C; 'H NMR (400 MHz,
CDCl3) 6 8.19 (d, J = 7.9 Hz, 1H), 8.00 (d, J=2.0 Hz, 1H), 7.95(d, J=7.3
Hz, 2H), 7.80 (d, J = 7.8 Hz, 1H), 7.72 — 7.67 (m, 1H), 7.67 — 7.59 (m, 2H),
7.50 (t,J = 7.7 Hz, 2H), 7.26 (s, 1H), 7.10 (d, J = 2.1 Hz, 1H); 1*C NMR (100
MHz, CDCl3) 6 189.4, 141.8, 139.1, 136.3, 134.9, 134.0, 130.1, 129.1, 128.7, 128.4, 128.2, 127.7,
125.3, 123.8, 114.6, 97.8; FT-IR (neat) 3055, 1659, 1435, 1257, 1172, 756 cm™*; HRMS (ESI)
calcd. for C1gH13N20 [M+H]" 273.1022, found 273.1023.

N
1
N

Pyrazolo[5,1-a]isoquinolin-5-yl(p-tolyl)methanone (56ba)

Light yellow solid (102 mg, 72%); mp 158-159 °C; *H NMR (400 MHz,
CDCl3) 6 8.16 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 2.0 Hz, 1H), 7.85 (d, J =
8.2 Hz, 2H), 7.77 (d, J = 7.9 Hz, 1H), 7.69 — 7.63 (m, 1H), 7.62 — 7.56
(m, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.21 (s, 1H), 7.08 (d, J = 2.1 Hz, 1H),
2.44 (s, 3H); 3C NMR (100 MHz, CDCl3) § 189.1, 145.2, 141.7,139.0, 135.1, 133.7, 130.2, 129.5,
129.0, 128.3, 128.1, 127.8, 125.2, 123.8, 114.1, 97.8, 21.9; FT-IR (neat) 3140, 1657, 1435, 1249,
1173, 740 cm™; HRMS (ESI) calcd. for C1gH15N20 [M+H]* 287.1179, found 287.1203.

N
I
N

(Pyrazolo[5,1-a]isoquinolin-5-yl(o-tolyl)methanone (56ca)

Light yellow solid (103 mg, 72%); mp 154-156 °C; *H NMR (400 MHz,
CDCl3) 6 8.13 (d, J = 7.9 Hz, 1H), 8.02 (bs, 1H), 7.74 (d, J = 7.8 Hz, 1H),
7.66 (t, J =7.4 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.52 (d, J = 7.7 Hz, 1H),
7.45 (t, J=7.4 Hz, 1H), 7.35 (d, J = 7.5 Hz, 1H), 7.24 — 7.19 (m, 2H), 7.07
(s, 1H), 2.61 (s, 3H); *C NMR (100 MHz, CDCl3) & 191.0, 141.8, 139.6, 139.2, 136.6, 135.8,
132.1,131.9,130.8,129.4,128.4,128.3,127.5, 125.6, 125.6, 123.7, 116.5, 97.8, 21.0; FT-IR (neat)
3016, 1659, 1589, 1265, 1033, 741 cm™; HRMS (ESI) calcd. for C1gH1sN20O [M+H]* 287.1179,
found 287.1194.

(4-Methoxyphenyl)(pyrazolo[5,1-a]isoquinolin-5-yl)methanone (56da)
Light yellow solid (91 mg, 65%); mp 132-134 °C;H NMR (400 MHz,

(m, 2H), 7.77 (d, J = 7.6 Hz, 1H), 7.69 — 7.63 (m, 1H), 7.61 — 7.56 (m,
1H), 7.19 (s, 1H), 7.08 (d, J = 2.1 Hz, 1H), 6.98 — 6.92 (m, 2H), 3.88
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(s, 3H); *C NMR (100 MHz, CDCls) & 188.0, 164.4, 141.7, 139.0, 135.3, 132.6, 129.1, 128.8,
128.3,128.0, 127.8, 125.1, 123.8, 114.0, 113.6, 97.8, 55.6; FT-IR (neat) 3132, 1659, 1435, 1257,
1172, 756 cmt; HRMS (ESI) calcd. for C1oH1sN20, [M+H]* 303.1128, found 303.1149.

(3-Methoxyphenyl)(pyrazolo[5,1-a]isoquinolin-5-yl)methanonemethanone (56ea)

Light yellow solid (60 mg, 43%); mp 186-187 °C; 'H NMR (400 MHz,
CDCl3) 6 8.18 (d, J = 7.9 Hz, 1H), 8.00 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 7.8
Hz, 1H), 7.71 - 7.67 (m, 1H), 7.63 — 7.59 (m, 1H), 7.58 — 7.57 (m, 1H), 7.43
(d, J = 7.7 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 7.24 (s, 1H), 7.21 — 7.18 (m,
1H), 7.09 (d, J = 2.1 Hz, 1H), 3.87 (s, 3H); 3C NMR (101 MHz, CDCls) § 189.19, 141.75, 139.0,
137.5, 134.9, 129.6, 129.0, 128.3, 128.2, 127.7, 125.3, 123.8, 123.1, 120.8, 114.4, 113.6, 97.8,
55.5; FT-IR (neat) 3132, 1651, 1597, 1311, 1041, 748 cm™*; HRMS (ESI) calcd. for C19H15N20
[M+H]* 303.1128, found 303.1145.

N
I
N

(4-(1H-Pyrazol-1-yl)phenyl)(pyrazolo[5,1-a]isoquinolin-5-yl)methanone (56fa)

Yellow solid (78 mg, 48%); mp 135-137 °C; *H NMR (400 MHz,
CDCls) 6 8.18 (d, J = 7.9 Hz, 1H), 8.04 — 8.02 (m, 3H), 7.99 (d, J =
1.9 Hz, 1H), 7.84 — 7.78 (m, 4H), 7.70 (t, J = 7.6 Hz, 1H), 7.62 (t, J
= 7.5 Hz, 1H), 7.28 (s, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.53 (t, J = 1.6
Hz, 1H); *C NMR (100 MHz, CDCls) & 188.1, 143.9, 142.2, 141.7, 139.1, 134.8, 133.9, 131.8,
129.1, 128.4, 128.2, 127.7, 126.9, 125.32, 123.8, 118.4, 114.5, 108.7, 97.9; FT-IR (neat) 3016,
1659, 1435, 1265, 1033, 741 cm™; HRMS (ESI) calcd. for C21H1sN4O [M+H]* 339.1240, found
339.1244.

(0] N=
1

Naphthalen-2-yl(pyrazolo[5,1-a]isoquinolin-5-yl)methanone (56ga)
Light yellow solid (90 mg, 66%); mp 156-158 °C; *H NMR (400 MHz,

8.00 (s, 1H), 7.98 — 7.85 (m, 3H), 7.82 (d, J = 7.8 Hz, 1H), 7.72 (t, I = 7.5
Hz, 1H), 7.64 (t, J = 6.5 Hz, 2H), 7.58 — 7.51 (m, 1H), 7.31 (s, 1H), 7.12
(s, 1H): 13C NMR (100 MHz, CDCls) & 189.4, 141.8, 139.1, 136.1, 135.1, 133.7, 132.6, 132.4,
129.8,129.1,129.0, 128.7, 128.4, 128.2, 127.9, 127.8, 126.9, 125.3, 124.9, 123.8, 114.6, 98.0; FT-
IR (neat) 3059, 1678, 1469, 1257, 1184, 744 cm; HRMS (ESI) calcd. for CazHisN20 [M+H]*
323.1179, found 323.1158.
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Pyrazolo[5,1-a]isoquinolin-5-yl(thiophen-2-yl)methanone (56ha)

Light yellow oil (85 mg, 59%); 'H NMR (400 MHz, CDCl3) § 8.16 (d, J =
7.9 Hz, 1H), 8.04 (d, J = 2.0 Hz, 1H), 7.82 (dd, J = 4.9, 0.8 Hz, 1H), 7.79 (d,
J=79Hz, 1H), 7.71 - 7.66 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.32 (s, 1H),
7.16 (t, J=4.0 Hz, 1H), 7.09 (d, J = 2.1 Hz, 1H); **C NMR (100 MHz, CDCls)
0 181.0, 143.30, 141.8, 139.2, 136.2, 135.7, 134.4,129.2, 128.4, 128.2, 127.5, 125.3, 123.8, 114 .4,
98.0; FT-IR (neat) 3059, 1666, 1477, 1242, 1108, 725 cm™; HRMS (ESI) calcd. for C16H1:N20S
[M+H]" 279.0587, found 279.0587.

(4-Chlorophenyl)(pyrazolo[5,1-a]isoquinolin-5-yl)methanone (56ia)

Light yellow oil (25 mg, 18%); *H NMR (400 MHz, CDCls) § 8.18 (d, J
= 8.0 Hz, 1H), 7.99 (d, J = 1.8 Hz, 1H), 7.86 (d, J = 8.6 Hz, 2H), 7.81
(d, J = 7.8 Hz, 1H), 7.72 — 7.68 (m, 1H), 7.64 — 7.60 (m, 1H), 7.46 (d, J
= 8.6 Hz, 2H), 7.26 (s, 1H), 7.10 (d, J = 1.9 Hz, 1H); *C NMR (100
MHz, CDClI3) 6 188.2, 141.8, 140.5, 139.0, 134.7, 134.6, 131.3, 129.3, 129.1, 128.4, 128.3, 127.6,
125.3, 123.8, 114.7, 97.9; FT-IR (neat) 2954, 1666, 1597, 1249, 1165, 694 cm™; HRMS (ESI)
calcd. for C1gH12CIN20O [M+H]" 307.0633, found 307.0639.

O N=
I

Cl

Pyrazolo[5,1-a]isoquinolin-5-yl(4-(trifluoromethyl)-phenyl)methanone (56ja)

Off white solid (43 mg, 32%); mp 143-145 °C; *H NMR (400 MHz,
 CDCl3)68.20(d, J=7.8 Hz, 1H), 8.01 - 7.98 (m, 3H), 7.83 (d, J = 7.7
Hz, 1H), 7.76 — 7.71 (m, 3H), 7.64 (t, J = 7.3 Hz, 1H), 7.30 (s, 1H), 7.11
(s, 1H); C NMR (100 MHz, CDCI3) & 188.4, 141.8, 139.2, 139.1,
135.1 (g, J =33 Hz), 134.4, 130.1, 129.5, 128.5, 128.4, 125.7 (q, J = 3.6 Hz), 125.5, 124.9, 123.5
(0, J =271 Hz), 115.5, 98.0; °F NMR (375 MHz, CDCls) § -63.2; FT-IR (neat) 2954, 1674, 1442,
1319, 1111, 748 cm™; HRMS (ESI) calcd. for C19H12F3N20 [M+H]* 341.0896, found 341.0901.

(2-1sopropylpyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ka)

Off white solid (103 mg, 75%); mp 140-142 °C; *H NMR (400 MHz,
CDCl3) 8 8.13 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 7.3 Hz, 2H), 7.75 (d, J = 7.8
Hz, 1H), 7.70 — 7.60 (m, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 7.7 Hz,
2H), 7.16 (s, 1H), 6.91 (s, 1H), 3.22 — 3.12 (m, 1H), 1.31 (d, J = 6.9 Hz,
6H); *C NMR (100 MHz, CDCls) & 189.6, 161.9, 139.6, 136.5, 134.9,

iPr
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133.7,130.2,128.8,128.4, 128.1, 128.0, 127.7, 125.2, 123.6, 113.6, 94.4, 28.1, 23.0; FT-IR (neat)
3132, 2970, 1659, 1234, 1080, 679 cm™; HRMS (ESI) calcd. for C21H1sN20 [M+H]* 315.1492,
found 315.1494.

Phenyl(1-phenylpyrazolo[5,1-a]isoquinolin-5-yl)methanone (56la)

Light yellow solid (46 mg, 35%); mp 162-164 °C; *H NMR (400 MHz,
Ph CDCl3) 8 8.10(d, J=8.2 Hz, 1H), 8.01 - 7.93 (m, 2H), 7.93 (s, 1H), 7.78

(d,J=7.8 Hz, 1H), 7.67 — 7.61 (m, 1H), 7.61 — 7.57 (m, 2H), 7.57 - 7.51

(m, 4H), 7.51 — 7.49 (m, 1H), 7.48 — 7.45 (m, 1H), 7.46 — 7.42 (m, 1H),
7.24 (s, 1H); *C NMR (100 MHz, CDCl3) § 189.5, 142.5,136.2, 135.0, 134.3, 134.1, 133.7, 130.1,
130.0, 128.8, 128.7, 128.6, 128.4, 128.3, 128.2, 127.7, 125.8, 123.5, 117.0, 114.4; FT-IR (neat)
3059, 1643, 1408, 1238, 1091, 725 cm™; HRMS (ESI) calcd. for C24H17N20 [M+H]* 349.1335,
found 349.1358.

(1-Bromopyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)-methanone (56ma)

Yellow solid (28 mg, 21%); mp 183—185 °C; *H NMR (400 MHz, CDCls)
~~Br $9.10(d, J = 8.1 Hz, 1H), 7.94 (s, 1H), 7.92 — 7.90 (m, 2H), 7.81 (d, J =
7.8 Hz, 1H), 7.76 — 7.72 (m, 1H), 7.68 — 7.63 (m, 2H), 7.49 (t, J = 7.8 Hz,
2H), 7.26 (s, 1H); 3C NMR (100 MHz, CDCls) & 188.9, 142.9, 136.1,
134.9, 134.2, 133.8, 129.9, 129.0, 128.8, 128.7, 128.3, 128.2, 125.1, 123.4, 115.0, 87.4; FT-IR
(neat) 2924, 1659, 1435, 1311, 1249, 679 cm™; HRMS (ESI) calcd. for C1sH12BrN2O [M+H]*
351.0128, found 351.0143 and [M+H+2]* 353.0124.

(1-Chloropyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)-methanone (56na)

Yellow solid (25 mg, 18%); mp 170-172 °C; *H NMR (400 MHz, CDCls)
6 8.93 (d, J=8.1Hz, 1H), 7.93 - 7.91 (m, 3H), 7.82 (d, J = 8.1 Hz, 1H),
7.77 — 7.73 (m, 1H), 7.69 — 7.64 (m, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.25
(s, 1H); *C NMR (100 MHz, CDCls) 5 188.9, 140.6, 136.1, 134.9, 134.2,
132.8, 129.9, 129.1, 128.8, 128.2, 128.1, 125.0, 123.4, 115.0, 104.3; FT-IR (neat) 3055, 1659,
1435, 1319, 1249, 756 cm™; HRMS (ESI) calcd. for C1gH12CIN2O [M+H]* 307.0633, found
307.0627.
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(8-Fluoropyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ab)

Yellow solid (70 mg, 45%); mp 154155 °C; *H NMR (400 MHz, CDClz) &
8.16 (dd, J = 8.2, 5.3 Hz, 1H), 7.98 (s, 1H), 7.93 (d, J = 7.5 Hz, 2H), 7.65 (t,
J=7.1Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 7.42 (dd, J = 16.4, 8.5 Hz, 2H), 7.16
(s, 1H), 7.03 (s, 1H); *C NMR (100 MHz, CDCls3) § 189.2, 162.1 (d, J =
249.0 Hz),, 142.1, 138.7, 136.0, 135.9, 134.2, 130.0, 129.5 (d, J = 9.2 Hz),
128.8, 126.12 (d, J =8.9 Hz), 121.7 (d, J = 2.0 Hz), 117.7 (d, J = 23.8 Hz), 113.10, 113.07, 113.0
(d,J=22.0 Hz), 97.6; *F NMR (375 MHz, CDCl3) § -111.2; FT-IR (neat) 3124, 1659, 1442, 1234,
1141, 679 cm; HRMS (ESI) calcd. for C1sH12FN2O [M+H]* 291.0928, found 291.0929.

(8-Chloropyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ac)

Off white solid (50 mg, 30%); mp 172-174 °C; 'H NMR (400 MHz, CDCls)
8 8.10 (d, J=8.5 Hz, 1H), 7.99 (s, 1H), 7.93 (d, ] = 7.4 Hz, 2H), 7.77 (s, 1 H),
7.69-7.60 (m, 2H), 7.49 (t, J = 7.6 Hz, 2H), 7.14 (s, 1H), 7.07 (d, J = 1.7 Hz,
1H); *C NMR (100 MHz, CDCl3) § 189.1, 142.1, 138.5, 135.9, 135.9, 134.2,
134.2, 130.0, 129.4, 128.9, 128.8, 127.3, 125.2, 123.5, 112.9, 98.1; FT-IR
(neat) 3063, 1662, 1435, 1288, 1083, 721 cm™; HRMS (ESI) calcd. for C1gH1,CIN2O [M+H]*
307.0633, found 307.0631.

(9-Methylpyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ad)
Off white solid (52 mg, 34%); mp 173-175 °C; *H NMR (400 MHz,
CDCl3) § 7.98 (d, J = 6.7 Hz, 2H), 7.94 (d, J = 7.5 Hz, 2H), 7.68 (d, J =
8.0 Hz, 1H), 7.64 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.43 (d, J
Me = 7.8Hz, 1H), 7.23 (s, 1H), 7.06 (d, J = 1.4 Hz, 1H), 2.60 (s, 3H); **C
NMR (100 MHz, CDCl3) 3 189.5, 141.6, 139.6, 139.0, 136.5, 134.1, 133.9, 130.1, 130.0, 128.7,
128.1, 125.4, 125.4, 123.6, 115.0, 97.6, 21.9; FT-IR (neat) 3063, 1665, 1447, 1226, 1187, 663 cm"
1 HRMS (ESI) calcd. for C19H1sN20 [M+H]* 287.1179, found 287.1201.
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(8,9-Dimethoxypyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ae)
Yellow solid (112 mg, 63%); mp 144-146 °C; *H NMR (400 MHz,
CDCl3) 6 7.99 (s, 1H), 7.94 (d, J = 7.4 Hz, 2H), 7.64 (t, J = 7.6 Hz,
1H), 7.53 — 7.46 (m, 3H), 7.21 (s, 1H), 7.16 (s, 1H), 6.95 (s, 1H), 4.12
(s, 3H), 4.02 (s, 3H); *C NMR (100 MHz, CDCls) & 189.4, 151.2,
OMe 150.3, 141.6, 138.9, 136.7, 133.7, 133.3, 130.1, 128.6, 122.1, 120.2,
115.3,108.4, 104.3, 96.3, 56.3, 56.1; FT-IR (neat) 3132, 1651, 1496, 1242, 1157, 732 cm't; HRMS
(ESI) calcd. for C20H17N203 [M+H]" 333.1234, found 333.1230.

[1,3]Dioxolo[4,5-g]pyrazolo[5,1-a]isoquinolin-5-yl(phenyl)methanone (56af)
Yellow solid (102 mg, 60%); mp 172-173 °C; *H NMR (400 MHz,
CDCl3) 6 7.94 (d, J = 2.0 Hz, 1H), 7.91 (d, J = 7.4 Hz, 2H), 7.62 (t, J =
7.4 Hz, 1H), 7.49 — 7.46 (m, 3H), 7.14 (s, 1H), 7.10 (s, 1H), 6.89 (d, J =
o 2.0 Hz, 1H), 6.12 (s, 2H); *C NMR (100 MHz, CDCls) & 189.4, 149.6,
o—/ 148.8, 141.6, 139.1, 136.5, 133.8, 133.4, 130.0, 128.6, 123.5, 121.5,
115.1, 106.0, 102.2, 102.0, 96.6; FT-IR (neat) 3063, 1666, 1450, 1219, 1039, 687 cm™; HRMS
(ESI) calcd. for C1gH13N203 [M+H]* 317.0921, found 317.0944.

(0] N=
I

(8-Methoxypyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ag)

O N= Light yellow solid (107 mg, 66%); mp 176-177 °C; *H NMR (400 MHz,
CDCl3) 6 8.09 (d, J =8.8 Hz, 1H), 7.95 (d, J =8.0 Hz, 3H), 7.65 (t, J = 7.2
Hz, 1H), 7.50 (t, J = 7.5 Hz, 2H), 7.30 (d, J = 8.2 Hz, 1H), 7.18 (s, 2H), 6.97
(s, 1H), 3.95 (s, 3H); *3C NMR (100 MHz, CDCls) & 189.5, 159.6, 141.9,

OMe  139.2, 136.2, 135.3, 134.0, 130.1, 129.3, 128.7, 125.4, 119.4, 118.9, 114.2,
109.0, 96.6, 55.6; FT-IR (neat) 3063, 1666, 1604, 1242, 1165, 687 cm™; HRMS (ESI) calcd. for
C19H15N202 [M+H]" 303.1128, found 303.1154.

Phenyl(pyrazolo[1,5-h][1,7]naphthyridin-6-yl)methanone (56ah)

Light yellow solid (96 mg, 66%); mp 161-162 °C; H NMR (400 MHz,
CDCl3) 6 8.97 (dd, J = 4.5, 1.5 Hz, 1H), 8.11 (dd, J = 8.0, 1.5 Hz, 1H), 8.05
-~y (d,J=20Hz 1H), 7.93 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.55
| (dd, J = 8.0, 4.6 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.44 (d, J = 2.1 Hz, 1H),
7.19 (s, 1H); *C NMR (100 MHz, CDCl3) § 189.0, 150.9, 142.7, 142.3,139.7, 135.9, 135.8, 135.5,
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134.3, 130.0, 128.8, 123.6, 123.2, 112.2, 100.2; FT-IR (neat) 3062, 1659, 1473, 1273, 1180, 729
cm; HRMS (ESI) calcd. for C17H12N3O [M+H]* 274.0975, found 274.0977.

Phenyl(pyrazolo[1,5-a]thieno[2,3-c]pyridin-5-yl)methanone (56ai)

Light brown oil (86 mg, 56%); *H NMR (400 MHz, CDCls) § 8.01 (d, J =

1.6 Hz, 1H), 7.90 (d, J = 7.5 Hz, 2H), 7.68 (dd, J = 19.5, 5.3 Hz, 2H), 7.63

s (t,J=7.6Hz 1H),7.48 (t,J=7.6 Hz, 2H), 7.43 (s, 1H), 6.85 (d, J = 1.8 Hz,
1H); 13C NMR (100 MHz, CDCls) 6 189.3, 142.0, 137.7, 136.3, 133.9, 133.3,

133.1, 130.3, 130.0, 129.8, 128.7, 122.5, 109.7, 95.9; FT-IR (neat) 3059, 1655, 1446, 1276, 1180,

725 cm®; HRMS (ESI) calcd. for C16H11N2OS [M+H]* 279.0587, found 279.0588.

0] N=
1

(8-Fluoro-2-isopropylpyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56kb)

ipr  Light yellow solid (77 mg, 53%); mp 151-152 °C; 'H NMR (400 MHz,
CDCl3) 6 8.13 -8.10 (m, 1H), 7.92 (d, J = 7.3 Hz, 2H), 7.64 (t, J = 7.4 Hz,
1H), 7.48 (t, J = 7.7 Hz, 2H), 7.39 (ddd, J = 15.8, 8.9, 2.4 Hz, 2H), 7.07 (s,
1H), 6.86 (s, 1H), 3.20 — 3.10 (m, 1H), 1.30 (d, J = 6.9 Hz, 6H); 1*C NMR
(100 MHz, CDCl3) & 189.4, 162.3, 161.9 (d, J = 248.3 Hz), 139.3, 136.2,
135.9, 133.9, 130.1, 129.5 (d, J = 9.2 Hz), 128.5, 125.9 (d, J = 8.9 H2),
121.8 (d, J=2.1 Hz), 117.3 (d, J = 23.8 Hz), 112.9 (d, J = 21.9 Hz), 112.2, 112.1, 94.2, 28.1, 22.9;
F NMR (375 MHz, CDCls) § -111.9; FT-IR (neat) 3132, 2947, 1659, 1234, 1141, 687 cm™;
HRMS (ESI) calcd. for Co1H1sFN2O [M+H]" 333.1398, found 333.1420.
(8-Chloro-2-isopropylpyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56kc)

ipr  Off white solid (52 mg, 34%); mp 164-166 °C; 'H NMR (400 MHz,
CDCl3) 8 8.05 (d, J = 8.6 Hz, 1H), 7.92 (dd, J = 8.3, 1.1 Hz, 2H), 7.73 (d,
J=2.0Hz, 1H), 7.66 — 7.61 (m, 1H), 7.58 (dd, J = 8.6, 2.1 Hz, 1H), 7.47
(t, J=7.8 Hz, 2H), 7.04 (s, 1H), 6.88 (s, 1H), 3.21 — 3.10 (m, 1H), 1.30 (d,
J=6.9 Hz, 6H); 3C NMR (100 MHz, CDCl3) § 189.1, 162.3, 139.1, 136.1,
135.9, 133.9, 133.7, 130.1, 129.1, 129.0, 128.5, 127.2, 125.1, 123.4, 111.9,
94.7, 28.1, 22.9; FT-IR (neat) 3130, 2960 1662, 1253, 1053, 725 cm™; HRMS (ESI) calcd. for
C21H18CIN20O [M+H]* 349.1102, found 349.1092.
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(2-1sopropyl-9-methylpyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56kd)

iPr Off white solid (57 mg, 40%); mp 173-175 °C; 'H NMR (400 MHz,
CDCl3) 6 7.94 — 7.92 (m, 2H), 7.66 — 7.61 (m, 2H), 7.48 (t, J = 7.4 Hz,
2H), 7.40 (d, J = 7.9 Hz, 1H), 7.29 (s, 1H), 7.15 (s, 1H), 6.89 (s, 1H),
3.23 - 3.12 (m, 1H), 2.59 (s, 3H), 1.31 (d, J = 6.8 Hz, 6H); 3C NMR

Me (100 MHz, CDCIls) 6 189.6, 161.7, 139.5, 139.2, 136.7, 134.1, 133.6,

130.3, 129.6, 128.4, 128.0, 125.4, 125.3, 123.4, 114.2, 94.3, 28.1, 23.0, 21.9; FT-IR (neat) 3155,

2955, 1658, 1235, 1187, 671 cm™t; HRMS (ESI) calcd. for C22H2:N20 [M+H]* 329.1648, found

329.1672.

(2-1sopropyl-8,9-dimethoxypyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56ke)
Yellow solid (115 mg, 70%); mp 154-155 °C; H NMR (400 MHz,
CDCl3) 6 7.93 —7.92 (m, 2H), 7.62 (t, J = 7.6 Hz, 1H), 7.49 — 7.45 (m,
3H), 7.12 (s, 2H), 6.78 (s, 1H), 4.11 (s, 3H), 4.01 (s, 3H), 3.20 — 3.15
(m, 1H), 1.32 (d, J = 6.5 Hz, 6H); 3C NMR (100 MHz, CDCls) & 189.5,
161.8, 151.0, 150.0, 139.4, 136.8, 133.4, 133.3, 130.2, 128.3, 122.1,
120.0, 114.4, 108.3, 104.2, 92.8, 56.2, 56.1, 28.1, 23.1; FT-IR (neat)
3155, 2962, 1667, 1242, 1149, 686 cm™; HRMS (ESI) calcd. for Ca3H23N203 [M+H]* 375.1703,
found 375.1730.

(2-1sopropyl-[1,3]dioxolo[4,5-g]pyrazolo[5,1-a]isoquinolin-5-yl)(phenyl)methanone (56kf)
pr  Off white solid (97 mg, 62%); mp 160-162 °C; 'H NMR (400 MHz,
CDCl3) 6 791 (d, J = 7.4 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.48 — 7.45
(m, 3H), 7.09 (s, 1H), 7.06 (s, 1H), 6.72 (s, 1H), 6.13 (s, 2H), 3.21 - 3.10
(m, 1H), 1.30 (d, J = 6.9 Hz, 6H); 1*C NMR (100 MHz, CDCls) § 189.5,
O—/O 161.8, 149.4, 148.5, 139.7, 136.7, 133.5, 133.4, 130.1, 128.3, 123.5,
121.4, 114.2, 105.9, 102.1, 101.8, 93.1, 28.1, 23.0; FT-IR (neat) 3130,
2950, 1662, 1258, 1061, 728 cm™; HRMS (ESI) calcd. for C22H19N203 [M+H]* 359.1390, found
359.1364.
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(2)-3-(2-Bromophenyl)-1-phenyl-2-(1H-pyrazol-1-yl)prop-2-en-1-one (57a’)
Ph N= Light yellow solid (0.18 g, 19%); mp 104-105°C; *H NMR (400 MHz, CDCls) §
"I‘} 7.86 — 7.82 (m, 2H), 7.66 (d, J = 1.7 Hz, 1H), 7.64 — 7.62 (m, 1H), 7.61 — 7.57
H (m, 1H), 7.55 (s, 1H), 7.46 (t, J = 7.8 Hz, 2H), 7.41 (d, J = 2.4 Hz, 1H), 7.20 (td,
B J=7.7,1.8Hz, 1H), 7.14 (td, J = 7.6, 1.3 Hz, 1H), 6.72 (dd, J = 7.6, 1.7 Hz, 1H),
6.35 (t, J = 2.0 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 191.1, 141.2, 137.2, 136.7, 134.3, 133.1,
133.0, 132.9, 131.5, 131.0, 130.1, 129.3, 128.5, 127.4, 125.3, 107.4; HRMS (ESI) calcd. for
C18H14BrN2O [M+H]* 353.0284, found 353.0301 [M + H]" and 355.0280. [M + H + 2]".

(E)-3-(2-Bromophenyl)-1-phenyl-2-(1H-pyrazol-1-yl)prop-2-en-1-one (57a)
ph  N= Lightbrown oil (0.45 g, 47%); 1H NMR (400 MHz, CDCI3) 4 7.93 (d, J = 7.2
N/ Hz, 2H), 7.71 (d, J = 2.4 Hz, 2H), 7.58 (s, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.33 (t,
J = 7.7 Hz, 2H), 7.23 (dd, J = 7.5, 1.2 Hz, 1H), 7.03 (td, J = 7.4, 1.0 Hz, 1H),
. 6.98 (td, J = 7.6, 1.6 Hz, 1H), 6.43 (t, J = 2.0 Hz, 1H); *C NMR (100 MHz,
CDCl3) 6 191.8, 141.8, 136.6, 136.0, 134.1, 133.9, 132.6, 130.7, 129.8, 129.4, 128.7, 128.6, 127.3,
124.3, 120.8, 107.8; HRMS (ESI) calcd. for C1gH14BrN2O [M+H]* 353.0284, found 353.0295 [M

+ H]" and 355.0272 [M + H + 2]".

Phenyl(4-phenylpyrazolo[1,5-a]pyridin-7-yl)methanone (59aa)

Light yellow solid (112 mg, 70%); mp 104105 °C; *H NMR (400 MHz,
CDCl3) 8 8.03 (d, J = 1.8 Hz, 1H), 7.94 (d, J = 7.4 Hz, 2H), 7.74 (d, J =
7.1 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.57 (t, J = 6.9 Hz, 2H), 7.50 (t, J
= 7.7 Hz, 3H), 7.25 (d, J = 7.1 Hz, 1H), 7.10 (d, J = 7.1 Hz, 1H), 6.81
(d, J = 1.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) & 189.4, 142.5, 140.4, 137.5, 136.2, 135.5, 134.8,
134.0, 130.0, 129.0, 128.9, 128.7, 128.1, 121.3, 114.6, 97.9; FT-IR (neat) 3055, 1659, 1450, 1296,
1180, 721 cm™; HRMS (ESI) calcd. for C20H1sN20 [M+H]* 299.1179, found 299.1183.

O N=
]
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(2-1sopropyl-4-phenylpyrazolo[1,5-a]pyridin-7-yl)(phenyl)methanone (59ka)

i Light yellow solid (99 mg, 67%); mp 76-78 °C; *H NMR (400 MHz,
CDCl3)67.93 (d,J=7.4Hz,2H),7.74 (d, ) =7.2 Hz, 2H), 7.63 (t, J =
7.4 Hz, 1H), 7.56 (t, J =7.4 Hz, 2H), 7.52 — 7.47 (m, 3H), 7.17 (d, J =
7.1 Hz, 1H), 7.02 (d, J = 7.1 Hz, 1H), 6.59 (s, 1H), 3.21 — 3.11 (m, 1H),
1.28 (d, J = 6.9 Hz, 6H); 3C NMR (100 MHz, CDCls) § 189.6, 162.9,
141.2, 137.9, 136.4, 135.2, 134.1, 133.7, 130.1, 128.9, 128.7, 128.4, 128.1, 120.9, 113.8, 94.2,
28.1, 23.0; FT-IR (neat) 3059, 2962, 1666, 1477, 1253, 1176, 698 cm™; HRMS (ESI) calcd. for
C23H21N20 [M+H]" 341.1648, found 341.1658.
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X-ray crystallography data for 56ae and 57a’

Table 4.3: Crystal data and structure refinement for 56ae

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/
pr°

V/°

Volume/A3

Z

peaicg/cm?®

w/mm?

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

S6ae

C20H16N203

332.35

93(2)

monoclinic

P2i/c

10.9507(7)

9.2147(5)

16.0716(10)

90

105.156(6)

90

1565.34(17)

4

1.410

0.096

696.0

0.2x0.1x0.03

MoKa (A =0.71073)
10.208 to 49.996
-12<h<13,-10<k<10,-19<1<19
10374

2717 [Rint = 0.0251, Rsigma = 0.0223]
2717/0/228

1.031

R1=0.0318, wR> = 0.0808
R1 =0.0427, wR2 = 0.0867
0.19/-0.26
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Table 4.4: Crystal data and structure refinement for 57a’

Identification code MJ-001

Empirical formula CisH13BrN20

Formula weight 353.21

Temperature 125(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2i/c

Unit cell dimensions a = 9.5950(6) A [J=90°
b=9.1037(5) A [1=95.184(3)°
c=17.4692(10) A [ =90°

Volume 1519.69(15) A3

VA 4

Density (calculated) 1.544 Mg/m3

Absorption coefficient 2.708 mm-1

F(000) 712

Crystal size 0.380 x 0.300 x 0.250 mm3

Theta range for data collection 2.131 to 28.954°

Index ranges -12<=h<=12, -12<=k<=11, -23<=I<=22

Reflections collected 25082

Independent reflections 3801 [R(int) = 0.0461]

Completeness to theta = 25.242° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7458 and 0.5584

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3801/0/199

Goodness-of-fit on F2 1.061

Final R indices [1>2sigma(l)] R1=0.0234, wR2 = 0.0629

R indices (all data) R1 =0.0257, wR2 = 0.0640

Extinction coefficient n/a

Largest diff. peak and hole 0.594 and -0.332 e.A-3
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5.1 GENERAL CONCLUSIONS

Over the last few years, much attention has been focused towards the development of biologically
relevant N-heterocycles such as indoles, quinolines, isoquinolines, and quinazolines with high
molecular diversity from simple commercially available starting materials by minimizing the
number of steps. Compound with N-heterocyclic framework exhibits a variety of biological
activity, found in various natural products, marketed drugs and in material science. In this context,
the development of highly complex molecules in a one-step by utilizing the multiple bond
formation strategies, for example, multicomponent reaction, one-pot sequential, and domino or
tandem reactions have gained importance in organic synthesis. Moreover, these strategies coupled
with transition metal-catalyzed coupling reactions have become a most powerful tool for the
synthesis of biological importance N-heterocyclic compound by the formation C-C and C-X (X=
N, O, S) bond without pre-functionalization of stating precursor. Such protocols deliver potent N-
heterocycles with tremendous regioselectivity, high molecular diversity, and functional group
tolerance as compared to traditional organic synthesis. In this respect, we have developed a new
methodology for the synthesis of N-heterocycles by exploring transition metal-catalysts.

The current thesis entitled “Design and Synthesis of Quinoline and Quinazolinone Derivatives
through Transition Metal-Catalyzed Cascade Protocols” deals with the synthesis of selected
N-heterocycles such as quinolines, imidazopyridine fused quinoline, quinazolines, and aza-fused

isoquinolines by using transition metal-catalysts. The thesis is divided into four chapters (Figure

5.1).
Thesis

Chapter | Chapter Il Chapter IV Chapter V
Azides as Chapter Il Synthesis of Synthesis of :
Conclusions
one nitrogen source imidazo[2,1-alisoquinolines pyrazolo[5,1-alisoquinolines
Chapter IIB Chapter IIC

Synthesis of
imidazopyridine
fused quinolines

Synthesis of
quinolines

Synthesis of

Chapter IIA
quinazolinones

Figure 5.1: Systematically representation of thesis
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5.2 SPECIFIC CONCLUSIONS

Chapter I: Synthesis of N-Heterocycles Using Azides as One Nitrogen Source: An Overview

In Chapter, | of the thesis, a brief review of azide as one nitrogen source in the synthesis of various
nitrogen-containing heterocycles has been provided (Figure 5.2). Overall, this chapter discussed
new innovative strategies towards the synthesis of N-heterocycles in the presence of transition

metal-catalysts

0
N NH @ @@
LD T g o
\=N I,»"‘s H

" TMSN,

Y or NaN;

N3

as
N one nitrogen
source

Cy O

Figure 5.2: A Graphical representation to access various N-heterocycles using azides

ng /;
Iz

Chapter Il of the thesis describes the synthesis of N-heterocycles using sodium azide as one
nitrogen source and divided into three parts.

Chapter I1A: Copper-Catalyzed One-Pot Synthesis of Quinoline Derivatives

Chapter I1A of the thesis deals with the synthesis of functionalized quinolines using transition
metal-catalyst with some advance examples. The several methods for the synthesis of quinoline
derivatives have been developed since extensively studies for antimalarial drugs. Most of these
developed methods use o-aminocarbonyl compounds which are easily self-condensed over a time
and restrict the molecular diversity in the molecules. In this chapter, we described synthesis of 2-
aminoquinoline-3-carboxylates and 2-arylquinoline-3-carbonitriles by multicomponent reaction

of 2-bromobenzaldehydes, active methylene nitriles and sodium azide as a nitrogen source in the
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presence of copper-catalyst. The developed one-pot tandem three-component protocol displays
broad substrate scope with good functional group tolerance and gives quinoline derivatives in
moderate to good yield. We have performed a series of control experiments to elucidate the
reaction pathway. The developed methodology was further utilized for one-pot synthesis of
pyrimido[4,5-b]quinolin-4(3H)-ones in good yield via sequential addition of aldehydes (Scheme
5.1). All of the synthesized quinoline and pyrimido[4,5-b]quinolin-4(3H)-one derivatives were
characterized by using spectroscopic analysis such as 'H NMR, C NMR and HRMS. The
Knoevenagel adduct further confirmed by single crystal X-ray analysis.

1 X CN
— R _
N~ "R?
15 examples
Yields upto 65%

Cul (20 mol %)
L- proline (40 mol %)
NaN3 K2C03 (1 5 eq.) (CCDC 1433055)
DMSO, 150 °C, air

O )
+
A R2 RCHO 1 X NH
Q —> _ — R _ /)\
QJJ\/CN N N R

R? = NH,, OEt R! N" NHy RZ=NH,

9 examples 3 examples
Yields upto 66% Yields upto 54%

Scheme 5.1: Synthesis of 2-aminoquinoline-3-carboxylates and 2-arylquinoline-3-carbonitriles
from 2-bromobenzaldehydes

Chapter 11B: One-Pot Synthesis of Pyrido[2,1:2,3]imidazo[4,5-c]quinoline Derivatives and
their Antimicrobial Activity

Chapter 11B of the thesis described the simple and efficient protocol for the rapid synthesis of
pyrido[2',1":2,3]imidazo[4,5-c]quinolines through Cu(l)-catalyzed three component, one-pot
reaction of 2-(2-bromophenyl)imidazo[1,2-a]pyridines, aldehydes, and sodium azide. A series of
twenty-seven compounds were prepared by varying different substituents on substrates in
moderate to good yields (45-75%) (Scheme 4.2). All the synthesized compounds were evaluated
for their in-vitro antibacterial activity against three Gram-negative bacteria S. typhi, K.
pneumoniae, P. putida and two Gram-positive bacteria B. cereus, S. aureus. Compounds, 3ae, 3al

and 3cc, exhibited moderate antibacterial activity against Gram-negative bacteria S. typhi and P.
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putida. All of the synthesized compounds were well characterized by *H NMR, **C NMR and
HRMS spectroscopic analysis.

N O DiPEA (1 oq) BTOH (0.5 00 R{jr’“
1 eq.), p-Ts 5eq. /
R N\/)_@ R2CHO A \
BY + DMSO, 150 °C, 10 h =N
R2
NaN3
27 examples
Yields upto 75%
z /N Me
~ N / 7 /N
_ N N\
N —\ Antibacterial MIC = 12.5 pg/ml
O 3ae 3ai
02N MeO

Scheme 5.2: Synthesis of imidazopyridine fused-quinoline derivatives

Chapter 11C: Cu(l)-Catalyzed Three-Component Cascade Synthesis of Quinazolin-4(3H)-
Ones

Encouraged from the valuable medicinal importance of quinazolinones, and the superficial
biological profile of quinazolinone derivatives. Chapter II1C of the thesis involved the same
methodology of the previous chapters and facilitates quinazolinone heterocycles (Scheme 5.3).
The developed cascade reaction proposed to proceed through copper-mediated nucleophilic
aromatic substitution with sodium azide, reductive amination, condensation with aldehydes, and
C-N bond formation via intramolecular oxidative amidation followed by aerobic oxidation. Good
functional group tolerance, mild condition, readily available starting materials, and user-friendly
procedure makes this protocol practically good and attractive method for the synthesis of

quinazolin-4(3H)-ones.

(o} z
o) /@_R1 Cul (20 mol %) CELN \\l
N 2 L-proline (30 mol %) R!
CLy o - O
Br K,CO;3 (1.5 eq.), DMSO, 150 °C, 5-7 h
NaN; 35 examples
Yields upto 73%

Scheme 5.3: Copper-catalyzed multicomponent synthesis of quinazolinone derivatives
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Chapter 1ll: Pd(ll)-Catalyzed One-Pot Synthesis of Benzimidazo/Imidazo[1,2-

aJisoquinolines

Chapter 111 of the thesis described a concise overview of the transition metal-catalyzed arylation
strategies towards the synthesis of non-benzodiazepine drug azole-fused isoquinolines. Thereafter,
this chapter focus on the synthesis of imidazole and benzimidazole-fused isoquinolines via Pd(l1)-
catalyzed intramolecular C-H arylation from 2-bromobenzaldehydes and 2-(1H-imidazol-1-
yl/benzimidazolyl-1-yl)-1-arylethanones. The developed method proceeded initially via cross
knoevenagel condensation of 2-(1H-imidazol-1-yl/benzimidazolyl-1-yl)-1-arylethanones with 2-
bromobenzaldehyde followed by Pd(Il)-catalyzed intramolecular C—H arylation. This approach
offers series of biologically interest aroyl functionalized imidazo/benzimidazo[2,1-a]isoquinolines
in moderate to good Yyields (Scheme 5.4). All the synthesized aroyl substituted
imidazo/benzimidazo[2,1-a]isoquinolines were well characterized by *H NMR, *C NMR and
HRMS analysis.

o Pd(OAc), (5 mol %)
o "= Br K,CO3 (2.5 eq.)
N >
A)J\/N\// * @ DMA. 150 °C, 1.5 h, N,
r CHO

Ar

19 examples
Yields upto 71%

Scheme 5.4: Synthesis of benzimida/imidazole-fused isoquinolines via Pd-catalyzed arylation

Chapter 1V: Nickel-Catalyzed One-Pot Cascade Synthesis of Pyrazolo[5,1-a]isoquinolines

Chapter 1V deals with different synthetic routes for the synthesis of pyrazolo[5,1-a]isoquinoline
scaffolds. The pyrazolo[5,1-a]isoquinolines is an azaheterocycle scaffold contains two bioactive
isoquinoline and pyrazolo[1,5-a]pyridine framework, which is present in a significant number of
pharmaceutically relevant molecules that exhibit remarkable biological activities. Later on, this
chapter describes the significant exploration of nickel-catalyzed strategies towards the direct
arylation of heterocycles. After that, disclose the synthesis of aroyl functionalized pyrazolo[5,1-
ajisoquinolines by reaction of 1-aryl-2-(1H-pyrazol-1-yl)ethan-1-ones and 2-bromo aldehydes
under Ni(ll)-catalysis. This process involves. Initially Knoevenagel condensation followed by
Ni(Il)-catalyzed intramolecular arylation at C5 of pyrazole. The reaction pathway proposed by
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conducting a series of control experiments and observing reaction mixture by ESI-MS analysis.
The easily obtainable starting materials, simple procedure, and good yields make this protocol very
practical for the assembly of biologically useful 5-aroyl pyrazolo[5,1-a]isoquinolines (Scheme
5.5). All synthesized pyrazolo[5,1-a]isoquinoline derivatives were well characterized by detailed
H NMR, BC NMR, and HRMS analysis. Also, a single X-ray crystal structure of one of the

synthesized pyrazolo[5,1-a]isoquinoline compound further confirmed the structure of the product.

1
RO Ni(acac), (20 mol %) R
2 PCy3 (30 mol %) AN

o N=\.R R 3 2 A O

147 X7~ CHO  kCO, (3 eq.) L[
R + > S N

Sy N\p, DMSO, 150 °C \,/

16 h, N, R2

29 examples | (CCDC No. 1569506)
Yields upto 75% '

Scheme 5.5: Ni(ll)-catalyzed synthesis of pyrazolo[5,1-a]isoquinolines via C-H arylation
5.3 Future scope of the research work

In recent years, transition metal-catalyzed cross oxidative coupling has become a more powerful
tool in organic synthesis to access N-fused heterocycles from easily obtainable starting materials.
The current thesis reflects the development of new strategy for the synthesis of biologically
relevant quinolines, imidazo[1,2-a]pyridine-fused quinolines, quinazolines and azole-fused
isoquinoline derivatives through transition metal-catalyzed cascade C-C and C-N bond formation.
There exist a great scope for the synthesis of various complex quinoline and isoquinoline based-
heterocycles by employing developed protocols. In this respect, target molecules given in Figure
5.3 can be synthesized and can be evaluated for their biological activity such as anticancer, anti-
HIV, antibacterial, and photophysical properties (Figure 5.3).
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Target molecule | Target molecule I Target molecule Il

Figure 5.3: Some novel quinoline-base heterocycles
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ABSTRACT: A new dass of fused quinazolines has been
designed and synthesized via copper-catalyzed Ullmann type
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synthesized compounds were tested for in vitro antibacterial
activity against three Gram negative (Escherichia coli,
Pseudomonas putida, and Salmonella typhi) and two Gram
positive (Bacillus subtilis, and Staphylococcus aureus) bacteria.
Among all tested compounds, 8ga, 8gc, and 8gd exhibited promising minimum inhibitory concentration (MIC) values (48
ug/mL) for all bacterial strains tested as compared to the positive control dprofloxacin. The synthesized compounds were also
evaluated for their in vitro antifungal activity against Aspergillus niger and Candida albicans and compounds 8ga, 8gc, and 8gd
having potential antibacterial activity also showed pronounced antifungal activity (MIC values 8—16 pg/ml) against both
strains. The bactericidal assay by propidium iodide and live~dead bacterial cell screening using a mixture of acridine orange/
ethidium bromide (AO/Et-Br) showed considerable changes in the bacterial cell membrane, which might be the cause or
consequence of cell death Moreover, the hemalytic activity for most potent compounds (8ga 8gc, and 8gd) showed their
safety profile toward human blood cells.
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Abstract: An easy and efficient organocatalytic approach to
the synthesis of 2-substituted quinazolines is described based
on the reaction between 2-aminobenzylamines and aldehydes
or alcohols or amines. Three organocatalytic platforms were in-
vestigated, using 3-nitropyridine, pyridine N-oxide, and vitamin
B.. Having established the new catalytic systems, the tandem
transformations of 2-aminobenzylamines to give substituted
quinazolines were achieved in excellent yields and with a broad
substrate scope, with no formation of toxic side-products. The
investigated conditions are not restricted to the use of alde-

\.

hydes; the protocol also works well with alcohols or amines
as substrates. These are oxidized in situ to the corresponding
aldehydes to achieve the successful transformation. A mecha-
nistic proposal has been drawn up based on control experi-
ments. We found that under aerobic conditions, catalytic
amounts of H,O, can be generated; this plays a key role in the
efficacy of the described appreach. The green chemistry metrics
of the developed method are also presented. The E factor of
8.18 mg/1 mg demonstrates that the reported method is an
excellent complement to previous protocols.
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A simple and efficient strategy for the synthesis of imidazopyridine-fused indoles has been developed that
involves one-pot sequential Knoevenagel condensation of readily available active methylene azoles with
N-substituted -1H-indole-3-carboxaldehydes or N-substituted-1H-indole-2-carboxaldehydes followed

Received 20th June 2018, by palladium- catalyzed intramolecular cross dehydrogenative coupling reaction. A series of 36 derivatives
Accepted 3rd August 2018 was prepared by using this strategy. The products were obtained in moderate to excellent (32-94%) yields
DO 10.1039/c80b01449¢ and showed broad substrate scope with tolerance of various functional groups and was amiable for gram
rsclifobe scale preparation without prablems.
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Abstract: A simple and efficient method for the synthesis of pyrazolo[5,1-alisoquinoline derivatives has been
developed using the nickel-catalyzed reaction of 1l-aryl-2-(1H-pyrazol-1-yl)ethan-1-ones and 2-bromo
aldehydes. The overall transformation involves tandem Knoevenagel condensation and intramolecular direct
arylation vig activation of the C5—H bond of the pyrazole ring. A series of 27 drug-like aroyl—substituted
pyrazolo[5,1-alisoquinolines has been synthesized in moderate to good yields.
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Copper-Catalyzed Tandem Imine Formation, Sonogashira
Coupling and Intramolecular Hydroamination: A Facile
Synthesis of 3-Aryl-y—carbolines

Shiv Dhiman,® ® Steven Rhodes,® Dalip Kumar,® Anil Kumar,*® and Mukund Jha*?

A one-pot, atom-economical multicomponent reaction of 2-
bromoindole-3-carbaldehydes, alkynes and ammonia was de-
veloped in the presence of copper catalyst for the synthesis of
a series of 3-aryl-y—carboline derivatives in good to high yields.
The developed reaction involved formation of imine followed
by copper-catalyzed directed Sonogashira coupling and intra-
molecular hydroamination sequence of reactions. This multi-
component approach features mild reaction conditions and
good functional group tolerance to access variety of 3-aryl -
carbolines.

incorporate two privileged heterocycles, indole and pyridine,
which elicit promising bioactivities.” Among carbolines, v
carboline has been shown to exhibit wide range of bioactivities
such as antipsychotic,” antiviral,” antiallergic,” antialzheimer™
and anticancer."” Tetrahdyro-y-carboline selectively binds to
human 5-HT., receptors which regulates the cardiovascular
system™ and certain y-carboline derivatives act as BET
bromodomain inhibitor"® Because of their importance in
biological and medicinal field, development of simple and
efficient protocols for the construction of carbolines and their
derivatives under mild conditions is a continued area of
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A Facile Synthesis of Quinazolin-4(3H)-ones via
Copper-Catalyzed One-Pot, Three-Component Tandem

Reaction

Shiv Dhiman, Nitesh K. Nandwana, Shreemala
Anil Kumar*®

A simple and convenient one-pot, three-component tandem
reaction has been developed for the synthesis of substituted
quinazolin-4(3H}-ones using Cul/L-proline as catalytic system. A
series of 35 quinazolin-4(3H)-ones was synthesized in good to
high yield. The method involves coppercatalyzed double C—N

Dhayal, Hitesh K. Saini, Dalip Kumar, and

coupling, reductive amination, condensation, cyclization and
aerobic oxidation. Good functional group tolerance, mild
reaction condition, readily available starting materials and user
friendly procedure makes this protocol practically good and
attractive method for the synthesis of quinazolin-4(3H)-ones.
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Gold(IIT)-catalyzed synthesis of 14-7 electron heteroaromatic thiopyrano[2,3-blindole is reported using

conjugated enyne tethered indole sulfides, featuring skeletal rearrangement conjoined with intramolecular hydroarylation (via
C3—H functionalization of the indole core) and oxidative aromatization. Subsequent Pd-catalyzed C—C coupling resulted in a
16-7 electron heteroaromatic isothiochromenol[ 1,8,7-bed]indole.
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Sequential Copper-Catalyzed Sonogashira Coupling,
Hydroamination and Palladium-Catalyzed Intramolecular Direct
Arylation: Synthesis of Azepino-Fused Isoindolinones
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Abstract: A sequential copper-catalyzed Sonogashira coupling
followed by an intramolecular hydroamination and palladium-
catalyzed intramolecular direct arylation reaction was devel-
oped to provide a convenient and modular approach for the
synthesis of useful azepino-fused isoindolinones. Nineteen
azepino-fused isoindolinones were prepared in moderate to

high (22-90 %) yields. The developed protocol tolerated various
functional groups and involved the formation of one carbon-
nitrogen and two carbon-carbon bonds in a one-pot fashion.
The palladium-catalyzed intramolecular direct arylation step in-
volved formation of an unusual eight-membered palladacycle.
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Synthesis of Quinazolinones, Imidazo[1,2-c]quinazolines and
Imidazo[4,5-c]quinolines through Tandem Reductive Amination
of Aryl Halides and Oxidative Amination of C(sp®)-H Bonds
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Abstract: A tandem multicomponent approach has been de-  hydroperoxide) as oxidant. The method uses the easily available
scribed for the synthesis of quinazolinones, imidazo[1,2-clquin-  sodium azide as a nitrogen source and DMA (N,N-dimethylacet-
azolines and imidazo[4,5-c]quinolines. The reaction involves a amide) as a one-carbon source for the synthesis of these N-
copper-catalyzed reductive amination through azidation fol- fused heterocycles in good to excellent yields. The reaction can
lowed by reduction and oxidative amination of C(sp”)-H bonds  also be used for gram-scale synthesis.
of N,N-dimethylacetamide in the presence of TBHP (tert-butyl-

/
RSC Adv . 2016, 6, 23987-23994
OF CHEMISTRY
RSC Advances
PAPER
CrossMark Copper-catalyzed synthesis of quinoline derivatives

& dlick for updates

via tandem Knoevenagel condensation, amination
and cyclizationfi

Cite this: RSC Adv., 2016, 6, 23587
Shiv Dhiman, Hitesh Kumar Saini, Nitesh Kumar Nandwana, Dalip Kumar
and Anil Kumar*

Received 10th February 2016

Accepted 17th February 2016 A novel regioselective synthesis of 2-aminoquinclines and 2-arylquinoline-3-carbonitriles is described wia

copper-mediated tandem reaction. Formation of substituted quinolines involves Knoevenagel
DOI: 10.1039/c6ra03798d condensation of ortho-bromobenzaldehyde with active methylene nitriles followed by copper-catalyzed

www.rsc.org/advances reductive amination and intramolecular cyclization.
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@c{oﬁsw Copper-catalyzed tandem Ullmann type C-N
i o e e 20 COUPlING @and dehydrative cyclization: synthesis
wise . of imidazo[l,2-clquinazolinest

Nitesh K. Nandwana, Shiv Dhiman, Ganesh M. Shelke and Anil Kumar*

A simple and efficient one-pot protocol has been demonstrated for the synthesis of imidazol1,2-clquin-
azoline derivatives through a copper catalyzed tandem reaction between substituted 2-(2-bromophenyl)-

Received 2nd December 2015, 1H-imidazoles and formamide. The synthetic protocol involves initial Ullmann-type C-N coupling fol-
Accepted 22nd December 2015 lowed by intramolecular dehydrative cyclization. The method uses readily available 2-(2-bromophenyl)-
DOI: 10.1039/c50b02469b 1H-imidazoles as the starting materials to afford imidazol1,2-cquinazolines in moderate to good yields
www.rsc.org/obc and provided 610 mg (71%) yield of 3a from a gram scale reaction.
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_m H. K. Saini et al. Paper

Synthesis of Imidazo[1,2-flphenanthridines through Palladium-
Catalyzed Intramolecular C-C Bond Formation

Hitesh Kumar Saini ohe
Shiv Dhiman 34 Pd(PCYS)?CI? Ar. N R?
. . . | L-proling —
Kaslnflswanadharaju Pericherla R R ar = NH (15 mol%) C&gCOa
Anil Kumar I- Ar
. MEOH DMAG, 150 °G
N + 1.5 h, Nz atm 3
Department of Chemistry, Birla Institute of Technology Ar ,\ _‘\\ _\ "
and Science, Pilani, Rajasthan 333031, India NH.OAc R' R R
anilkumar@pilani_bits-pilani.ac.in 13 examples
multicomponent reaction (MCR) direct arylation yield: 56-94%
Received: 25.05.2015 arynes with haloarenes, intramolecular direct arylations”
x;‘:ﬁf;‘:ﬁ;:‘g‘g Spas and tandem couplings of dihalo-olefins with azoles®® are
DOI: 10.1055/5-0035-1560177; ArcID: 55.2015.20329-0p examples of excellent methods for the synthesis of these
fused heterocycles. The synthesis of imidazo[1,2-fl]phenan-
Abstract A simple and convenient approach is developed for the syn- thridines has also been achieved by palladium-catalyzed

thesis of the imidazo[1,2-flphenanthridine framework via post-func- . - . ~ o
e e ot i s i S At (b s cascade reactions of dihalobenzenes with 2-phenylimidaz

of 1,2-dicarbonyl compounds, anilines, aldehydes and ammonium ace- oles through N-H/C-H bonding (Scheme 1, a, b).2*# Specifi-
tate. The methodology involves palladium-catalyzed direct arylation cally, the synthesis of 2,3-diarylimidazo[1,2-f[phenanthri-
through sp® C-H activation. The reported procedure delivers good to dines was achieved through intramolecular Buchwald cou-

gyl el tatismn [ bl e e defvaio = (B2 27 2 are pling (Scheme 1, ¢).2d It is worth mentioning that the
ing from readily available precursors. . . . .
synthetic precursors for this process have been obtained in
Key words C—H activation, C-C bond formation, direct arylation, pal- two steps, in which a palladium-catalyzed Suzuki-Miyaura
ladium catalysis, imidazo[1,2-flphenanthridines reaction was involved as one of the key reactions. The syn-
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Synthesis of Aza-Fused Isoquinolines through Domino Cross-Aldol
Condensation and Palladium-Catalyzed Intramolecular Direct
Arylation

Shiv Dhiman, Kasiviswanadharaju Pericherla, Nitesh K. Nandwana, Dalip Kumar, and Anil Kumar*

Department of Chemistry, Birla Institute of Technology and Science, Pilani, 333031 Rajasthan, India
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ABSTRACT: A straightforward method has been developed

for the synthesis of aroylsubstituted imidazo-/benzimidazo-

fused isoquinolines. The cascade reaction proceeds via a cross- CHO J’cltUMJ KyCo,
aldol condensation of 2-(1H-imidazol1-yl/benzimidazolyl-1- g O)\( a Q: IJM!\ 150°C, 15k
yl)-1-arylethanones and 2-bromobenzaldehyde followed by

pa]ladiu:n—catalyzed intramolecular C—H functionalization. R' = H, 4-CHg, 4-0CHy, 4-C1, 3-CHs, 3-0CHy, 2-CHy, 3 4-{0CHy), 17 examples
This appmach offers a Si.[rlpll:‘, and effident alternative one- azoles = imidazole, 4-methyl imidazole, benzimidazole 18-70%

pot protocol for the assembly of imidazo/benzimidazo[2,1-
aJisoquinolines in moderate to good yields.
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