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Introduction

Imidazo[1,2-a]pyridines are prominent nitrogen-bridgehead fused heterocyclic com-
pounds investigated for their pharmacological properties in medicinal chemistry.!!)
These molecules exhibit wide range of biological activities, such as antiviral,’? anti-
cancer,’”) antifungal,") antipyretic,””) antibacterial,® antiparasitic,”! anti-inflamma-
tory,®) anticonvulsant,””) antituberculosis,”"®! antiprotozoal,"'") anti-anxiety,"? etc. They
are also examined for GABA, and benzodiazepine receptor agonists, p-amyloid detect-
ing ligands, MCH1R antagonists, and kinase inhibitors for CDK, RET, P13K, FLT3 and
IRAK.""*"2!) The core structure of this scaffold is present in several commercial drugs
including alpidem, saripidem and necopidem (anxiolytic agents), zolimidine (anti-ulcer
agent), olprinone (cardiotonic), zolpidem (for treating insomnia), miroprofen (anti-
inflammatory), minodronic acid (for treating osteoporosis), GSK812397 (for treating
HIV), telacebec (Q203) (antituberculosis agent) and soraprazan (inhibition of gastric
acid secretion)!?2-28 (Figure 1).

Owing to the medical relevance of this scaffold, numerous strategies have been employed
expeditiously to synthesize functionalized imidazo[1,2-a]pyridines.?>*! One of the most
sought after transformation is, the regioselective synthesis of an aroyl group at C-3/C-2 pos-
ition of imidazo[1,2-a]pyridines. In past, aroyl functionality has shown elevated biological
applications in numerous heterocycles.**! Earlier, direct introduction of aroyl group at C-3
position of imidazo[1,2-a]pyridine was unsuccessful by wusing Friedel-Crafts acylation
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Figure 1. The core structure of imidazo[1,2-a]pyridines present in bio-active drugs.
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a) Friedel-Crafts acylation reaction- With introduction of aroyl group

AN 34 5-trimethoxybenzoyl chloride, _ |ypsuccessful
S NJ AICl,, reflux, 12 h
v O N
1) POCl5, DMF, 90 °C,12 h- (69%) Formylation reaction - \@a/ ,
2) 3.4,5-trimethoxyphenylmagnesium bromide, THF, room N o
7 =N temp, 20 min- Grignard reaction L ,
ik i lo] o
A N\/) 3) MnO,, CH,Cl,, room temp, 24 h- (51%) Oxidation reaction
/0
b) Friedel-Crafts acylation reaction- With introduction of acetyl group. \
A ‘
N Zas)
Rr@// /R OJ\ R, A 7 R, 38 examplgs
ks AICl3 (0.25 equiv.), 160 °C, 16 h N upto 99% yield
H (0]

:cheme 1. @ Earlier unsuccessful attempt of Friedel-Crafts acylation reaction for aroylation of imi-
d:ggrg-aipy'ﬂig!ne re(zl;lted in a three-step long strategy as the only source to access 3-aroylimi-
: +£-ajpyridine. Friedel-Crafts acylation reaction fi i - iti

imidazo[1,2-alpyridine. yl n for acetylaton at C-3 position of

reactions. This had left chemists with three-steps long and exhausting protocol for synthesis
of 3—ar.oylimjdazo[l,2—a] pyridine which included; (a) Formylation of imidazo[ 1,2-a]pyridine
(b) Gn%?sa]lrd reaction on 3-formyh'mjdazo[1,2—a]pyridjne and (c) Oxidation of secondary’
alcohol. ™ In 2018, Frett et al. successfully demonstrated introduction of acetyl group at C

3 position of this scaffold by using Friedel-Crafts acylation reaction®® (Scheme 3) A )
result of failure in direct aroylation via Friedel-Crafts acylation reaction, we have w1m Ss
a remarkable advancements in past decade toward regioselective synthesi’s of 3- o

a0 I o e aroyl- and 2-

Developments in synthetic strategies of 3-aroylimidazo[ 1,2-alpyridines

Direct synthesis of functionalized imidazo[1,2-a]pyridines from easily accessible/avail
able precursors are possible by synthetic strategies such as transition metal catajv d-
oxidative coupling, C-H functionalization, metal supported on molecular sjeves oyaz:::-
lyzed, Superparamagnetic nanoparticle catalyzed, metal-free approach, multicompo-
nent reactions (MCR) and tandem processes. Herein, we have discussed these
strategies on the basis of substrates used and various catalytic systems employed

(Figure 2).

From chalcones and 2-aminopyridines

Transition metal catalyzed reactions have proved to be one of the most robust and dir-
ect approaches for many organic transformations.>”! Among them, copper is highly
abundant, economically cheap, undergoes C-C and C-heteroatom bond formation reac-
tions.!*®! It also participates in many cross-coupling reactions, somehow notably similar
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Adv. Synth. Catal. 2014, 356, 1105-1112 H
Cu(OAc);.H20 (10 mol%), 1,10-phenanthroline — I
(10 moi%). 1.2-DCB. 0, 120°C, 12 h Asian J. Org. Chem. 2015, 4, 573.
Telrahedron 2014, 70, 8539-8544 Cul (0.1 equiv.), DMF, air, 100°C,4 -6 h
CuCl; . 2M;0 (10 mol%), Toluene, air, 120 C, 12 h Tetrahedron Lett., 2016, Vol. 57, Iss. 26, 2880-2883.

Tetrahedron 20186, 72, 4201-4204 Cul (0.2 equiv.). DMSQ, air, 100°C, 12 h

12 (2.0 equiv.), AICI; (1.0 equiv.), J. Org. Chem., 2016, 81, 9326-9336.

Chlorobenzene, O,. reflux, 16 h 12 (1.2 equiv.), Cul (0.2 equiv.), Cs,CO; (3.0 equiv.),
Catal. Soi. Technol. 2016, 6. B90-896 Toluene, N, atm., reflux, 3-4 h

Cu/H-OMS-2 (0.7 mol%), Cl,CHCHC!,-AcOH, Synthesis, 2018, 50, 3513-3519.
air, 100°C, 20 h Cul (0.05 equiv.), 1,10-phenanthroline (0.05 equiv.),
CO, (2.0 equiv.), DMF, 100°C, 2-24 h

J. Saudi Chem. Soc. 2018, 22, 90-100 L Li;C0; (2.0 equiv.)

RuCl;.H,0 (1 mal%), 1, (0.5 equiv.),

Toluene, air. 110 °C, 12-15h

Chin. J. Org. Chem. 2018, 38, 1530-1537. - ¥ < gt
I, (2.0 equiv.), NaHCO; (4.5 equiv.), A NN A2 3-aroyl-2-arylimidazo[1,2-a]pyridine
Toluene, air, reflux, 15 h U N Y
RSC Adv. 2019, 9, 5501-5511 y
CuFe;0, (10 mal%), 1, (2.0 equiv.), g Ar
1.4-dioxane, O,, 140 °C, 7 h

Tetrahedron lett. 2020, Vol. 61, Iss. 34, 152250
Sn0O, (10 moi%). I, (0.5 equiv.), Toluene, air, 110 °C, 12 h

—

J. Org. Chem. 2021, 86, 7, 5380-5387.
1) Toluene (anhyd.), 4 A° MS, Ar, 120°C, 2 h
2) CuCl, (10 mol%), p-TSA (10 mol%),

RSC Adv. 2015, 5. 3670-3677 o f‘:’g’;’&i:’:m” ;‘:;a('; 6(171‘43)'7'51' 25°C, 10 min., Ar
u moi%), O, (1 atm),
c»a,znfgn(‘z: "’,"'T;':(’:c?; ‘:‘° onuc); L1,CO; (30 mol%), TEMPO (30 mol%), 2) \Sgi +80°C, Ar
, o, : Toluene, 100°C, 12h St AL

I
Lty O L NG
Ar’j\HF:’AF"‘H' O At-=H + A2Br+ L APTH * SNPSNH,

N” NH, N” "NH,

Figure 2. Different strategies employed for regioselective synthesis of 3-aroylimidazo[1,2-a]pyridines.

R Cu(OAc),.H,0 (10 mol%), AN =N
Jol\/\ . N 1,10-phenanthroline (10 mol%), - R SN AP
Ar' Ar? NZ “NH, 1,2-DCB, O,, 120 °C, 12 h it
O
1 2 3
R= H, 3-Me, 4-Me, 5-CI, 5-Br, 5- 14 examples
74-86% yield

Ar'= CgHs, 4-CICgH,
AI'2= 05H5, 3—N02C6H4, 4—C|CGH4, 4-M9003H4, piperonyl

Scheme 2. Cu(OAc),-H,0 catalyzed synthesis of 3-aroylimidazo[1,2-a]pyridines.

to palladium.”*” Similarly, nonmetal like iodine is extensively used to promote several
reactions due to its nontoxic, inexpensive and readily available nature.!*"’

Copper catalyzed reactions
Copper (1) acetate and 1,10-phenanthroline catalyzed. The search for regioselective,

straightforward, and efficient method to synthesize 3-aroylimidazo[l,2-a]pyridine 3
from readily accessible substrates ended in 2014 when Hajra et al. became the first to
develop it. They reported oxidative coupling between chalcones 1 and 2-aminopyridines
2 by employing Cu(II) catalyst under oxygen atmosphere as an oxidant*!! (Scheme 2).
This strategy involves Michael addition followed by intramolecular oxidative coupling
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Scheme 3. Tolerance of the protocol toward benzylideneacetone and dibenzy

CU(OAC)g.HzO
0 4 (10 mol%),
" :
Ph/lk/\Ph Mo oy ibptanantwoine .
. 12DCB120°C (10mol%), Wi
o N ©  120c8,0, X
A 120°C, 12 h
[ 2 8 Ph 2 3 o7 FPh
A 48% yield 100% yield
Cu(OAc),.H,0 Cu(OAc),.H,0
H (10 moi%), Q (10 mol%),
_A~_N._Ph 1,10-phenanthroline Ph/u\/\Ph 1,10-phenanthroline = N
T 0~ (10moi%), . (10mol%), Oé/ o
1,2-DCB, Ar, N 1,2-DCB, 0,, NN
8 Ph 120°C, 12 h | o 120 °C, 12 p, 3 #Ph
N” NH, TEMPO (1.2 equiv.)
83% yield

44% yield
Scheme 4. Control experiment studies.

which leads to C-N bond formation. They screened severa] Cu(I) and Cu(Il) salt

among them Cu(OAc),-H,0 worked excellent. Similarly, numerous ligands were al .

screened and 1,10-phenanthroline worked best. %
This protocol shows a wide substrate scope for 2-aminopyridines and chalc

case of 2-aminopyridine, the methyl group substituted at 3rd and 4th position;orclli]s(.)rf)n
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= ‘ S 1 1((::(:\)Ac)2.H20 (10 mol%), Z N
,10-phenanthroline (1 .
Ph/u\/\ph * N7 ioran 2 %Ph

NH, 1,2-DCB, 0,, 120 °C, 12 h
) , Ph
Gram-scale react 3 0
10 mmol 12 mmol o o

o 70% yield, 2.08 gm
Scheme 5. Application of methodology on gram-scale.
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Scheme 6. Mechanism for Cu(OAc),-H,0 catalyzed synthesis of 3-aroylimidazo[1,2-a]pyridine.

addition on a,f-unsaturated ketone 1 to form Michael adduct 8, which shows keto -
enol tautomerism with 9 form. Then, pyridinium nitrogen binds up with copper acetate
which results in intermediate 10. Simultaneously 10 reacts with enol to form cyclic
Cu(Il) intermediate 11.1%°! Further, the molecular oxygen undergoes oxidation of 11 to
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‘C'?N
R
= N/ AR
CuCly..2H,0 (10 mol%), 4 ﬁ

R
- o " Ar!
I ' I 7 NH Toluene, air, 120 °C, 12 s
AHJ\/\Ar2 N 5 3
1 2 19 examples
38-86% yield

-Me, 6-Me, 5-Br
N ICgHs, 4-MeCgHy, , 4-CNCgH,
::21' 26:5’ ;- EC 7"44 3-MeOCgHy, 4-MeCgHy, 4-NO,CgH,4
= CgHs, 2-FCgHy,

S eme /. ®,

. 2] Then, reductive elimin-
. i III) oxidation state. . f
i iate 12 which has Cu in +( _ . eous formation o
fo‘rm ll}ti;n;il:]; in dihydroimidazopyridine moiety 13 and su.null:anrnoleallar oxygen,
athI'lI o cies. This Cu(l) species is reoxidised into Cu(II) species by ization of 13 far.
i B used in catalytc cycle. Finaly, the spontancous aromatiza
an

nishes 3-aroylimjdazo[l,2-a]pyridine as a final product 3.

Xi-
Copper (11) chloride catalyzed, In 2014, Kumar et al. derl?onstrated C'u(IL) Cat[i;l’);l-;i o -
dative coupling, and 4 ligand free approach for synthesis of 3-aroylu.m azo. : [;Yn
dine 3.1 Thjg strategy involves reaction of chalcones 1 and 2-aminopyridines 2 in

(c) Reaction Proceeded through non-radical pathway. (Thjs Was confirmed by using
TEMPO, a radica] Scavenger which did not show an appreciable decrease in yield).

A plausible mechanism for synthesis of 3-aroylimida o[ 1,2-a]pyridine based on cop-
trol €Xperiments study is outlined in (Scheme 9). Firstly, with assistance of CuCl,,
Michael addition of 2-aminopyridine 2 on chalcone 1 leads to the formation of Michae]
adduct 9. Further, simultaneoys binding of Pyridinium nitrogen followed by enolic car-
bon to the Cy salt produces intermediate 11 via intermediate 14, In next step, inter-
mediate 11 undergoes oxidation to form 15, followed by reductive elimination which
produces 13. Finally, intermediate 13 undergoes Spontaneous aromatization under aey.

®

®
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CuCly.2H,0 (10 mol%),

Ph)k/\Ph > S

-4

NH,  Toluene, N,, 120 °C, 12 h
(Under nitrogen atmosphere)

Ph 120°C,12h

H
AN\ =N CuCl, .2H,0 (10 mol% N._Ph
e u2i00mm o~
Toluene, air, N 0o
P
3 © 8 "

85% yield

CuCl,..2H,0 (10 mol%),

o X
)k/\ + Z
Ph Ph N NH

1 2

, Toluene, 120°C, 12 h
TEMPO (1.2 equiv.)

Scheme 8. Control experiment studies.
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" Y
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N PR s - |
N o
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Not formed 28% yield
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TEMPO (1.2 equiv.) 3 ©
75% yield
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AN =N N._Ph
GN// P
X SN 0
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J J ve
A A Hel C‘//N HX (/\(/
—_— > EEE— N 0
N SO N 0 X
A \ H \CU \(l_‘,u
30 ) QO
1" 15

Scheme 9. Mechanism for CuCl,-2H,0 catalyzed synthesis of 3-aroylimidazo[1,2-a]pyridine.



S U0, e B - uunnnuwum @ '
3

o cu?t H-OMS-2,o4 Ai
X._NH;
Z jl/ + 1Jv\Af2
R SN Ar
1 Catalytic ETM

=CH, 2 metal
x:N, 16

H-OMS-2,, - H,0

XN
’d - +
R Y AP Cu
1
A |
LFGH, 3 Cu/H-OMS-2

X=N, 17
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R Cu/H-OMS-2 (0.7 mol%), NN
2 N CI,CHCHCI, - HOAC, R Ar
e+ O e R
Art Art N2 NH
. 100°C, 20 Ar!
1 2 Air H ,0 3 (0]
R=H, 3-Me, 4-Me, 5-Me, 4-CF,, 3-Br, §-Br, 4-CI, 5.¢ 23 examples

up to 88% yield

Scheme 17. Cu/H-OMS-2 as a biomimetic heterogeneous Catalyst for Synthesis of 3-aroylimi-

(ETM), which Séquentially lowers the redox energy barrier ang §enerates oy,
Pathway fo, Synthesis of 3-aroylimidazo[1,2-a)pyridine 3 in biomim o
(SCheme 0 a Dio etic Wway
F L
aveoz;h op}tllirnmatlon, se\{eral solvents were Screened; they found apolar (] CHCH(]
g ¢ highest 4]9;, yield of 3-aroylimidazo[1,2—a]pyridine without any b; Product y
: - S,
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This protocol shows wide substrate scope, among them chalcones substituted with
electron withdrawing groups gave higher yields than those having electron donating
groups. Reaction did not proceeded in 2-chlorochalcone due to steric hindrance of
chloro group. Whereas, in case of 2-aminopyridine, those substituted with electron
donating groups showed higher activity than those with electron withdrawing groups
like halogens. Many multi-halogen-substituted 3-aroylimidazo(1,2-a]pyridines were syn-
thesized in 42-64% yield. 2-aminopyridines having ~-CN and -COOMe groups, quickly
decomposed because of HOAc of solvent system. This strategy is valid for one pot,
three component reaction of ketones, aldehydes and 2-aminopyridine too for synthesis
of 3-aroylimidazo[1,2-a]pyridine. Recyclability study showed that, Cu/H-OMS-2 could
be reused up to four times; after that catalytic activity dropped to 48% due to leached
copper species which were catalytically inactive.

CuFe,0, superparamagnetic nanoparticle catalyzed. In past two decades, nanoparticles
have emerged as a catalyst in many chemical transformations.'*® The catalytic activ-
ity of the nanoparticle depends upon the active site present on its surface. They
have advantages like, large surface area, high activity, excellent stability, high selectiv-
ity; however, it has a downside when it comes to separation and recovery.
Interestingly, employing superparamagnetic nanoparticles as a catalyst would be
beneficial due to ease in separation by magnetic decantation instead of filtration or
centrifugation.

Phan et al. in 2019, successfully employed CuFe,O,4 superparamagnetic nanoparticle
as a catalyst for aerobic coupling of 2-aminopyridines 2 with trans-chalcones 1 to afford
3-aroylimidazo[1,2-a]pyridine 3.1’! The reaction performed best in 10 mol% CuFe,0O4
and 2 equiv. of iodine in 1,4-dioxane solvent system at 140°C for 7h under oxygen
atm. as an oxidant (Scheme 12). The superiority of this method comes from base free
and ligand free approach, the copper ferrite could easily separate by magnetic decanta-
tion and reused up to 5 times without any substantial loss in catalytic activity. This
strategy also works for synthesis of 3-aroylimidazo[1,2-a]pyrimidines 17 by just replac-
ing 2-aminopyridine 2 with 2-aminopyrimidine 16.

They also verified whether there was any possibility of getting a double annulated
product by using highly conjugated chalcone. Interestingly, they noticed only mono
annulated product 7 when dibenzylideneacetone 6 were used to couple with two equiva-
lents of 2-aminopyridine 2 under optimized condition (Scheme 13).

NN 2
R A
S N{ 17 examples

upto 80% yield
1
0 .
X_ _NH, CuFe,04 (10 mol%), I (2.0 equiv.), 3 O
il
vu\/\ + R T —
Ar Art ﬁ/N 1 4-dioxane, O, 140°C, 7 h

N N
‘d =
1 X=CH, 2 &/\‘N/ / 4-CICgH,
X=N, 16

Ph

Ar

76% yield

R= H, 3-Me, 4-Me, 5-Me, 5-C|, 6-Br, 4-COOMe 17 O
Al'1= CGHS, 4-BI'CGH4, 4-MeOC6H4, 4-NOZCGH4
Ar?= CgHs, 4-MeOCgHj, 4-CICgHq

Scheme 12. CuFe,0, catalyzed coupling of chalcones with 2-amino pyridines/pyrimidines.
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5 R wd =N Az
S 1, (2.0 equiv.), AICI; (1.0 equiv.), /
1Jk/\ * ‘ P - N
Ar Ar2
N" "NH, Chlorobenzene, O,, reflux, 16 h s Art

1 2 3
R=H, 4-Me, 5-NO,, 5-Br 22 examples
Ar'= CgHs, 4-MeOCgH,, 4-NO,CgHy, 4-CICgHa, 4-BrCgHj, naphthyl, 2-thienyl, 2-furyl up to 82% yield

Ar2= CsHs, 2-MeCeH4, 3-MeC6H4, 4-M9C8H4, 4‘M60C6H4
Scheme 15. lodine and AICl; induced synthesis of substituted 3-aroylimidazo(1 ,2-a]pyridines.

proceeds through AICl; catalyzed tandem Michael addition, followed by intramolecular
oxidative amination. The superiority of this reaction comes from high regioselectivity,
transition metal free and good functional group tolerance.

In optimization studies, they noticed that tandem cyclization was not detected in
absence of iodine. They screened various additives like TsOH, AICl;, K,CO; and DBU;
among them AICl; worked best. Chlorobenzene proved to be the most effective solvent.
Excellent yield was obtained under reflux condition. When reactions were carried out in
presence of N, and open air atmosphere, low yields were reported. But, under an O,
atmosphere, increment in yield was observed. The optimized condition is represented in
(Scheme 15).

This protocol shows wide substrate scope, among them chalcones substituted with
groups like methoxy, methyl, nitro, chloro and bromo were well tolerated and gave
good yields. By considering electronic effects, chalcones having electron donating group
gave higher yields than electron withdrawing ones. Moreover, heteroaryl chalcones such
as 2-furyl, 2-thienyl, and 2-naphthyl reacted easily with- 2-aminopyridine to yield corre-
sponding imidazo(1,2-a]pyridines in good yield. Whereas, 2-aminopyridine substituted
with groups like methyl at 4th position, nitro and bromo at 5th position were well tol-
erable and afforded moderate to good yields.

The plausible mechanism based on previous reportlsz] for AICly/I, induced aerobic
oxidative coupling between 2-aminopyridine and chalcone is outlined in (Scheme 16).
Initially, chalcone 1 gets activated by AICl; which is followed by Michael addition
of exocyclic amine group of 2-aminopyridine 2 on activated chalcone 21 and generates
enolate 22, with release of HCl. Subsequently, the key intermediate 23 is formed
by elimination of AlCl;. Further, intermediate 23 reacts with iodine to furnish inter-
mediate 20. Later, 20 undergoes intramolecular cyclization and forms intermediate 13.
Finally, oxidation by oxygen furnishes 3-aroylimidazo(l,2-a]pyridine 3 as a
final product.

RuCl; catalyzed and iodine promoted. In 2018, Kamal et al. reported a simple and effi-
cient strategy for construction of densely functionalized 3-aroylimidazo[1,2-a]pyridine 3
from 2-aminopyridine 2 and chalcone 1 by using RuCl;. H,0/1, catalytic system.'>> The
superiority of this method comes from low catalyst loading, broad substrate scope, oper-
ationally simple procedure, good functional group tolerance and high yields. In past,
RuCl; has been used in many organic transformations.”®*~**! During optimization stud-
ies they screened catalysts such as Ag(OAc);, Ag;COs, Bi(OTf);, Yb(OTf);, and




[t
COMMUNICATIONS®
SYNTHETIC ® n
X Cl
: (L % Py
N/ s AI'CI NH O
Cl F
N __N_Clé_-> ~HCl
g~ U ]
1
- AICI;
_H SN
l

@:O L, Py g
00070

l-l—ll
a® av

3
Scheme 16. Mechanism for |, and Al(; induced synthesis of 3-aroylimidazo[1,2-a]pyridine.
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H,  Toluene, air, 110 °C, 12-15 h 59-74 % yield
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Scheme 18. Application of optimized method on benzylideneacetone and 2-aminopyridine.
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Scheme 19. Mechanism for |, and RuCl; induced synthesis of 3-aroylimidazo[1,2-a]pyridine.

scavenger like TEMPO did not decrease the yield appreciably, this rules out the possibil-
ity of radical pathway. In substrate scope, chalcones bearing substitution like methyl,
methoxy and chloro were well tolerated to afford the desired product in moderate to
good yields. Heteroaryl chalcone such as, 2-thienyl chalcone performed smoothly and
gave moderate yield. Moreover, benzylideneacetone 4 afforded moderate yields of
desired product 5 (Scheme 18).

Whereas, several 2-aminopyridines bearing groups like 3-Me, 6-Me, 5-Br, 4-Cl, and
5-NO, gave desired products in moderate to good yields. Surprisingly, the effect of
steric hindrance on yield was not observed in 3-methyl-2-aminopyridine and 6-methyl-
2-aminopyridine when treated with chalcones. Moreover, effective coupling was
observed in 2-amino-5-nitropyridine and 6-methyl-2-aminopyridine. Gram-scale reac-
tion under this method gave 85% yield of 3-aroylimidazo[1,2-a]pyridine with 5gm of 2-
aminopyridine and 11.05gm of chalcone.

The plausible mechanism based on control experiments and literature reports®'! is
outlined in (Scheme 19). Firstly, RuCl; activates chalcone 1 which is followed by

Michael addition of exocyclic amine group of 2-aminopyridine 2 on activated chalcone
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Sd\A:-: ‘2”05 ‘:ﬁ;e‘and S;OZ NPs induced synthesis of 3-aroylimidazo[1,2-a]pyridines.
me 20.

24 and generates enolate 25, with release of HCL Subsec.lue.ntly, elimil.latlfm of RgClg,
generates the key intermediate 23. Further, 23 reacts with iodine to .fuf'msh mtf:rfngdxate
20, followed by intramolecular cydlization to generate dihydroumdazopyndme 13.
Finally, under aerobic oxidation, the intermediate 13 undergoes aromatization to afford

the desired product 3.

$nO; nanoparticles (NPs) catalyzed and iodine promoted. In 2020, Pawar et al. success-
fully demonstrated cascade synthesis of 3-aroylimidazo[1,2-a]pyridines 3 from chal-
cones 1 and 2-aminopyridines 2 by using SnO,/I, as a catalytic system, and toluene
a5 a solvent system under aerobic condition.® This protocol has several merits

yields. In the Sn0,/I, catalytic system, SnO, NPs Catalyzes Michael addition of 2-
aminopyridine on chalcone, and L, induces intramolecular oxidative C-N bond for-
mation. In optimization studies, they screened catalysts such ag ZnO, TiO,, SnO,,
ZrO, and SiO,. Among them, SnO, was the most active catalyst. The reaction did
Dot proceed in the absence of both, $nO, and L, Also, the reaction did not proceed

(Scheme 20).

This protocol shows a wide substrate scope with different substituted chalcones
and 2-aminopyridines. Surprisingly, chalcones bearing electron withdrawing groups as
well as electron donating groups showed similar reactivity patterns and afforded
good yields. Chalcone substituted with fluoro, nitro, methyl and triﬂuoromethyl were

amjno-3-nitro-5-chloro-pyridine on reaction with chalcone, jt just gave traces of cor-
responding product. This was due to ~R and -I effect of nitro and chloro group op
2-aminopyridine. One Pot, three component reaction of acetophenone, benzaldehyde
and 2-aminopyridine under optimized reaction condition gave 55-76% yields. In
recycle study of SnO, NPs, they observed that the catalyst was found indistinguish-
able by XRD pattern even after ten catalytic cycles. This indicates high chemical sta-
bility of SnO, NPs.
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Scheme 21. Mechanism for I, and SnO; NPs induced synthesis of 3-aroylimidazo[1,2-a)pyridine.

The plausible mechanism for this strategy is outlined in (Scheme 21). Initially, SnO,
activates chalcone 1 which leads to Michael addition of an exocyclic amine group of 2-
aminopyridine 2 on activated chalcone 26 to form an enolate 27. Subsequently, elimin-
ation of SnO, generates key intermediate 23. Further, 23 reacts with iodine to furnish
intermediate 20, followed by intramolecular cyclization to generate dihydroimidazopyri-
dine 13. Finally, under aerobic oxidation, the intermediate 13 undergoes aromatization

to afford the desired product 3.

lodine and base promoted reaction

Iodine and NaHCOj; promoted reaction in toluene. Yu et al. in 2018, regioselectively syn-
thesized 3-aroylimidazo[1,2-a]pyridines 3 through jodine mediated diamination of chal-
cones 1 with 2-aminopyridines 2.5°) They demonstrated regioselective synthesis of
3-aroyl and 2-aroylimidazo[1,2-a]pyridines by just changing the solvent system and sub-
stituents on 2-aminopyridines. While optimization, they screened solvents such as 1,4-
dioxane, ACN, DMSO, DCE and toluene in presence of NaHCO; and K,CO; as a base.
Among them, toluene significantly improved the yield and gave regioselectively 3-aroyli-
midazo[1,2-a]pyridiné 3 with trace amount of 2-aroylimidazo[1,2-a]pyridine 28.
Whereas, base such as NaHCOj; resulted in excellent yield than K,CO3. However, they
choose a high stoichiometric amount to optimize the reaction condition. For (0.5 mmol)
chalcone, they used (2.0 mmol) 2-aminopyridine, (1.0mmol) iodine and (2.25 mmol)
NaHCO;. The optimized reaction condition is shown in (Scheme 22).
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Igure 3. Strategy based on C-H amination of N-aryl enaminones.
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Scheme 24. Synthesis of N-pyridyl enaminones from a,f-ynones and 2-aminopyridines.

From N-heteroaryl enaminones

Enaminones are a class of very stable, easily available and versatile reactive compound
having widespread application in organic synthesis. f-enaminones are very useful syn-
thetic intermediate due to their peculiar electronic properties. They possess ambident
electrophilic character at enone moiety and ambident nucleophilic character at enamine
moiety.[61, 62] Direct cross-dehydrogenative amination of C(sp®)-H bonds by using
transition metal catalyst has emerged as a straightforward method.'” Previously, many
protocols have been developed for intramolecular direct C-N bond formation by using
either catalytic amount of Pd-complexes'® or Cu-salts.'® But, most of the C-N bond
formation of C(spz)—H via C-H activation was carried out on aryl systems. In this sec-
tion, we have discussed C-H amination via copper-catalyzed intramolecular oxidative
coupling in alkene system in the form of N-aryl enaminones to access 3-aroylimi-
dazo[1,2-a)pyridines (Figure 3).

Copper (I) iodide catalyzed in DMF

In 2015, Das et al. reported a general Cu(I) catalyzed intramolecular oxidative C-H ami-
nation of N-heteroaryl enaminones 31 to access 3-aroylimidazo[1,2-a]pyridine 3 under
ligand and base free condition.!*! This open air protocol is also applicable for synthesis
of substituted imidazo[1,2-a]pyrimidines and imidazo[1,2-a]pyrazines. Initially, they
synthesized N-pyridyl enaminones 31 via conjugate addition of 2-aminopyridine 2 with
o,B-ynones 30 in THF solvent and t-BuOK as a base (Scheme 24).

Similarly, enaminones containing pyrazine, pyrimidine and benzothiazole were also
prepared using same protocol. While optimization for 3-aroylimidazo[1,2-a]pyridine 3,
they performed C-H amination on N-pyridyl enaminone 31 by using 1,10-phenanthro-
line as a ligand and K,CO; as a base. To investigate the role of ligand and base, they
performed a reaction in the absence of ligand and base. Surprisingly, the reaction pro-
ceeded best without base and ligand to afford 90% yield. Several Cu(I) and Cu(Il) salts
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Cu(OTY), and Cu(OAc),

Cl CuBr 2
were screened, such as CuCl, CuBr, Cul, Cu,0, CuCl,,
in DMF; among them Cul gave best yield. Whereas, solvents such as EtOAc, EtOH,

CH;CN, THF gave poor yields. However, reaction under O, atmosphere did .not
improve the yield and under N atmosphere it gave poor yield. The optimized reaction

Sub
tional groups present on enone and N-pyridyl fragment were well tolerated, including
heteroaryl moiety and entire range of halogens (fluoro, chloro, bromo, iodo) to afford
the corresponding 3-aroyl-2-arylimidazo[1,2-a]pyridine 3 in good yields (73-90%). N-
Pyridyl bearing €yano was well efficient to give 85% yield. However, in 2-amine-6-meth-
Ylpyridine derivative, the steric congestion due to 6-methyl group was well tolerated to

b sired product in good yields (76.s3%), Medically important framework Jiie g,
substituted benzo[d]imidazo[Z,l-b]thiazole were also synthesjzeq using this protocol to
afford 66% yield.

They applied this protocol to access N "Pyridinyl 2-enaminones 35 by reacting enami-
nones 34 and 2-aminopyridines 2. Further, the obtained N-pyridinyl 2-enaminones 35
undergoes intramolecular C-J amination for constructing 2-unsubstituted 3-aroylimi-
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Scheme 26. Mechanism for synthesis of 3-aroylimidazo[1 ,2-alpyridines by Cul in DMF.
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\ AN
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o
35 o 36

R= H, 6-Me, 4-Me, 4-C|
Ar= CgHs, 4-MeCgHa, 3-MeOCgHs. 4-MeOCgHy, 4-CF43CgHa, 4-CICgH4, 4-BrCgHa, 3,4-(Cl),CgH3,

4-CNCgHg, 3,4-(Me0),CeH3, 2-(OH)CgHa, piperonyl, 2-thienyl, naphthalen-2-yl
Scheme 27. Transformation of N-pyridyl enaminone to 3-aroylimidazo[1,2-alpyridine.

The optimized reaction condition is shown in (Scheme 27). N-pyridinyl enaminone
35 were subjected to various Cu(I) and Cu(ll) salts such as Cul, CuBr, CuCl,
Cu(OAc),, and CuCl,; among those, only 20 mol% Cul worked efficiently at 100°C.
Reaction did not proceed without Cul. Among the various solvent systems screened,
DMSO gave good yields. Substrate scope of this protocol was explored. In the aryl ring
system associated with 3-aroyl group, electron donating and withdrawing groups were

well tolerated and afforded the corresponding 3—aroylimidazo[l,2-a]pyridine 36 in mod-

erate to excellent yield. Whereas, pyridine ring system bearing electron withdrawing
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Scheme 29. Mechanism for synthesis of 3-aroylimidazo[1,2-a]pyridines by Cul in DMsO.

group lowered the yield of desired product. Moreover, the same protocol also worked
on N-pyridinyl enaminone bearing phenyl substitution at B-position to afford the corre-

sponding product in excellent yield (Scheme 28).
The plausible mechanism is outlined in (Scheme 29). At first, enaminone 35 react

with Cu(I) ion through N-chelating site of the pyridine ring to generate cuprous inter-
mediate 37. Further, aerobic oxidative addition of intermediate 37 generates intermedi-
ate 38 bearing Cu(III). Finally, intermediate 38 undergoes reductive elimination to
furnish the desired product 36 and the Cu(I) salt released is reused in next cata-

Iytic cycle.

lodine mediated and copper (1) iodide catalyzed

In 2016, Chang et al. reported an efficient and versatile method for synthesis of diverse
imidazo[1,2-a]pyridines 40, 3 using N-heteroaryl substituted enamine 39, 31 via I,-
mediated oxidative C-N bond formation.””! This c-H functionalization also works for



!

2 @ V. V. KUMBHAR ET AL

H
N ‘ .
| s 2(1.2 equiv.), Cul (0.2 equiv.)
Dl Cs,C0,4 (3.0 equiv.) ' 4 )
/ R
39 ©

R -
—
Toluene, reflux NN 8 examples
45-95% yield

R=H, 6-M X O
: e, 5-Me, 4-Me, 3-Me, 5-Cl, 5-Br, 3,5-(Br),

Scheme 30. i i
Synthesis of fused imidazo[1,2-aJpyridine from enamine 39

rE N
NG N I2 (1.2 equiv.), Cul (0.2 equiv.), R ‘CFN 42
J\/U\ Cs,C0; (3.0 equiv.) X N\gt - ,
- examples
Ar2 Art Toluene, reflux S Ar' 90-95% yield
3

R= H, 6-Me, 5-Me, 4-Me, 3-Me, 5-C|, 5-Br, 3,5-(Br);

<
Ar'= CGHS- 4—MeC5H4. 4—M8005H4. 4'C|CGH4, 3-CF3C5H4, 2-M6006H4, naphthalen
Ar2= CgHs, 4-MeCgHy, 4-MeOCgH,, 4-CICeH,

Scheme 31. Synthesis of 3-aroylimidazo[1,2-a]pyridines 3.

-2-yl, 2-thienyl

synthesis of indoles by using N-aryl substituted enamines. In this catalytic system, I
works as a sole oxidant in presence of Cul. Initially, they developed a protocol for con-
structing fused imidazo[1,2-a]pyridine 40 from N-pyridylcyclohexenamine 39 via I/Cul
mediated C-H functionalization in presence of Cs,CO; and refluxing in 1,4-dioxane.
On further screening of solvent, toluene was found more efficient than 1,4-dioxane
(Scheme 30). Further, the same protocol was employed for constructing 3-aroylimi-
dazo[1,2-a]pyridine 3 which resulted in excellent yields by using N-pyridyl enaminone
31 for C-H functionalization (Scheme 31). Substrate scope of the protocol revealed well
tolerance of pyridine ring system bearing electron withdrawing and electron donating
groups. They even extended this protocol for synthesis of indole by using N-phenylen-
amines via oxidative C-C bond formation.

The plausible mechanism for this protocol is outlined in (Scheme 32). Initially, N-(2-
pyridyl)enaminone 31 reacts with I, under basic condition to generate p-iodoenamide
41, followed by oxidative addition of Cu(I) to form copper complex 42. Further, base
promoted cyclization of intermediate 42, results in formation of intermediate 32, fol-
lowed by reductive climination to furnish the desired 3—aroy1imidazo[1,2-a]pyridine 3.
The released Cu(l) salt is reused in the next catalytic cycle.

Copper (1) iodide and 1,1 O-phenanthroline catalyzed ' .
In 2018, S. Cacchi et al. developed an efficient and facile protocol for synthesis of' multi-
substituted imidazo[1,2-a)pyridines 3 from N—(2—pyridinyl)en[z71ﬁ1inones 31. by using Cu
(I) catalyzed C-N bond formation via C-H functionalization. The reqmr?d substrate,
N-(2-pyridinyl)enaminones 31 were prepared via Sonogashira cross-coupling between
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Scheme 32. Proposed mechanism for synthesis of 3-aroylimidazo[1,2-a]pyridine 3.
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Scheme 33, Synthesis of N—(2-pyridinyl)enaminones 31.

terminal alkynes 44 and aroyl chloride 43 to afford % B-ynones 30; followed by conju-
gate addition of 2-aminopyridine 2 to give the desired €naminones 31 (Scheme 33),172]
In optimization study, they subjected N-(2-pyridinyl)enaminone 31 to Cul as the
catalyst at 100 °C, and various ligands, bages and solvent Systems
afford the corresponding imidazo|[ L,2-a]pyridine 3. Reaction diq not
of Cul and ligand. Solvent Systems such gas dioxane 8ave a trace
whereas, MeCN afforded nothing. Ligand Systems such ag, L-proline ang d
in low yields; whereas, PPh; and DMEDA afforded 609 and 67
However, 1,10—phenanthrohne 8ave best result. Amon bases, ; :
yield than K,CO,. The Optimized reaction condition is §hown mLEES}z;?ZI)Shed better

uch a5 copper-1,10-
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Scheme 34. Synthesis of 3-aroylimidazo[1,2-a]pyridines 3.
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Scheme 35. Proposed reaction mechanism for synthesis of 3 from 31.

The plausible mechanism is outlined in (Scheme 35). Firstly, N-(2-pyridinyl)enami-
nones 31 react with Cul in the basic medium to generate complex 45. Then, base
abstracts proton attached to carbon « to the carbonyl group, this leads to intramolecular
nucleophilic attack of pyridine nitrogen on the copper of complex 45. Further, the gen-
erated complex 46 converts to complex 47 due to protonation. Finally, reductive
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Scheme 36. One-pot, three-component tandem reaction for synthesis of 3.

elimination of CuH furnishes the desired product 3. Later, CuH is converted to Cu ()
via reaction with conjugate acid of base and reused in next catalytic cycle.

Multicomponent reactions (MCR)

In modern synthetic chemistry, MCR fused with tandem sequences is one of the
remarkable strategies applied to carry out coupling reactions in construction of fused
heterocycles.

From aromatic aldehyde, aryl methyl ketone and 2-aminopyridine

Kumar et al. in 2015, demonstrated a facile synthesis of 3-aroylimidazo[1,2-a]pyridines
3 by using one pot, three component tandem reaction of acetophenone 48, aromatic
aldehydes 49 and 2-aminopyridines 2 in presence of catalytic amount of copper (II)
chloride and air as an oxidant.!”3!

The prime features of this method includes, atom economical, one step procedure,
readily accessible precursors, simple isolation, moderate to good yields, and good func-
tional group tolerance. In their initial study, they expected by-products such as, (a)
Naphthyridine, and (b) 2-phenylimidazo[1,2-a]pyridine. However, naphthyridine was
not detected. But, 2-phenylimidazo[1,2-a]pyridine were detected in minor quantity due
to reaction between acetophenone and 2-aminopyridine. To overcome this problem,
they reduced the rate of formation of this by-product by increasing the rate of reaction
between aromatic aldehyde and acetophenone. To achieve that, they kept acetophenone
as a limiting reagent. During optimization they found K,CO; improved the yield
slightly. Whereas, DMF as a solvent enhanced the yield smoothly. The optimized reac-
tion condition is shown in (Scheme 36). The substrate scope was explored. 2-aminopyri-
dines bearing methyl at 3-, 4-, 5- position gave moderate to good yield. Also, highly
sensitive bromo group on 2-aminopyridine were well tolerated. However, aromatic alde-
hydes bearing electron withdrawing groups like 4-Cl, 2-F and 4-NO, afforded high
yields; whereas those bearing electron rich groups afforded 2-arylimidazo[1,2-a]pyridine
instead of 3-aroylimidazo[1,2-a]pyridine, due to faster rate of reaction between aceto-
phenone and 2-aminopyridine as compared to acetophenone and aromatic aldehyde.

The plausible mechanism is outlined in (Scheme 37). Initially, crossed aldol conden-
sation between aromatic aldehyde 49 and acetophenone 48 generates chalcone 1, fol-
lowed by Michael addition of 2-aminopyridine 2 on chalcone affords Michael adduct 9.

e
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Plausible mechanism for the synthesis of 3-aroylimidazo[1,2-a]pyridines.
: R Cu(OTf); (10 mol%), O, (1 atm),
N Li,CO3 (30 mol%), TEMPO (30 mol%), el =N A2
N‘—:—H“Nz/\Br*l, \N/
N" "NH, Toluene, 100 °C, 12 h Ar
r
50 51 2 a9
R= H, 3-Cl, 5-Cl, 3-Br, 5-Br, 6-COOEt 23 examples
Ar'= CgHs, 2-BrCgHy, 4-BrCgHy, 3-CICgH,, 4-MeOCgH,, 2.4(Cl)oCeHa 53-87% yield
Ar2= CgHs, 4-CF3CgHy, 2-CICgHy, 2-MeOCgH,, 4-NO,CeHy, 4-CICeHy, 3-BrCeHy, 4-BrCeHs,
3-MeOCgH,, 4-MeOCgH,, 3-CF3CgH,, 4(COOEt)CgH,, 1-naphthalene, 5-Me-2-furan, 2-thienyl
= Scheme 38. Oxidative cascade reaction for synthesis of 3-aroylimidazo[1,2-a]pyridines.
Pyridinium nitrogen and enolic carbon of Michael adduct interacts with copper salt to
generate intermediate 11. Further oxidation of Cu(Il) salt to Cu(III) salt generates inter-
mediate 15, which later undergoes reductive elimination to give dihydroimidazopyridine
13 and Cu(I) salt. In the presence of air, Cu(I) salt oxidizes to Cu(II) salt and further
used in next catalytic cycle. Finally, aromatization of intermediate 13 under aerobic con-
= | dition furnishes the desired product 3.

From 2-aminopyridine, benzyl bromide and terminal alkyne

e In 2018, Liu et al. reported a general and efficient copper-catalyzed oxidative cascade

eac srising of terminal alkyne 50, 2-amino N-heterocycle 2, benzyl or allylic
) fused heterocycles with molecular oxygen.”*!
zasamtalyst,Li;CO;asabase,
sene solvent system, gave the desired
Scheme 38). .
An (II); whereas, Cu (I) and Fe (III)
JOTf gave no yield, suggesting the
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Scheme 39. Proposed mechanism for synthesis of 3-aroylimidazo[1,2-a]pyridines.

vital role of copper salt. Under the N, atmosphere, just a trace amount of product was
obtained, which indicates the crucial role of O, in transformation. Substrate scope for
this protocol was explored. 2-aminopyridine bearing electron donating groups were
more efficient than those with electron withdrawing groups. Fused arenes or hetero-
cycles such as, naphthalene, furan and thiophene corresponding to bromo substrate
gave the desired products in good yields. Important functionalities like, methoxy, ester,
trifluoromethyl were well tolerated at different positions. This protocol is also applicable
for synthesis of benzo[d]imidazo[2,1-b]thiazole, imidazo[2,1-b]thiazole, imidazo[l,2-
b]pyridazine and imidazo[1,2-c]pyrimidine fused heterocycles by just making changes in
2-amino N-heterocycles.

Based on control experiment studies, the plausible mechanism is shown in (Scheme
39). Initially, 2-aminopyridine 2 undergoes S\2 reaction with benzylic bromide 51 to gen-
erate intermediate 52, followed by cross dehydrogenative coupling of 52 with terminal
alkyne 50 in presence of Cu (II)-catalyzed oxidative condition to generate intermediate
53. Further, 53 coordinates with Cu (II) catalyst to generate complex 54. Subsequently,
SET process occurs with molecular oxygen, which might be assisted by TEMPO to gener-
ate peroxy-Cu (IIl) intermediate 55. Further, sequence of intramolecular amino-cupera-
tion of alkynes and oxygenative carbonylation furnishes the desired product 3.

From aromatic aldehyde, 2-aminopyridine and sulfoxonium ylide

Recently, Guchhait et al. reported a protocol involving [4 + 1]-annulation of in-situ gen-
erated heterocyclic azine-aldimines with f-keto sulfoxonjum ylides for construction of
multisubstituted imidazole-fused heterocycles via noncarbenoid route (Scheme 40).7°!
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g;:e iz)f :l:e u:it:;ljfnﬁr:f f_eatures of this protocol comes fror'n B-keto sulfoxonium ylide

plays ctional role, as a nucleophilic 1,1-dipolar one-carbon synthon,
and a source of DMSO which acts as an internal oxidant to promote in-situ
dehydrogenation.

During optimization studies, they studied the sequence of reaction i.e., (a) Formation
of imine, (b) Electrophilic activation of imine by lewis acid, and (c) Subsequent reaction
with ylide. In absence of lewis acid, the yield reduced significantly. Several lewis acids
such as Cu, Yb and Sc- based were screened; among “them CuCl, worked best.
Moreover, addition of p-TSA as an additive improved the yield. As imine formation is
reversible and sensitive to pH, they screened various bronsted acids having different
pKa values. They noticed acids with pKa range between (-2.0 to 0.3) were more effi-
cient. Among them, TFA and p-TSA worked best. But, they chose p-TSA due to its
operational simplicity. They even tried other transition metal catalysts like Pd, Ru and
Rh to determine whether the reaction followed the carbenoid pathway; as it was
expected from oxosulfonium ylides. But, it showed significant decrease in yield, suggest-
ing the non-carbenoid pathway was followed by the reaction.

The substrate scope for this protocol was explored. Phenacylsulfoxonium ylides bear-
ing Cl, F, OMe and CF; groups on aromatic ring worked smoothly and gave overall
good yields. Moreover, moieties such as —~OH, —-COEt and —-CN were well tolerated.
Whereas, reaction with aliphatic acylsulfoxonium ylide or aliphatic aldehyde were not
feasible. However, this protocol also gave access to N-fused imidazoles, imidazo[l,2-
a]pyrazines and pyrimidines. Gram-scale reaction (12mmol) were tolerable and afforded
the desired product without significant decrease in yield (70%).

Based on control experiment studies, the plausible mechanism is shown in (Scheme
41). Initially, aromatic aldehyde 49 and 2-aminopyridine 2 react to form aldimine 60.
Further, nucleophilic addition of sulfoxonium ylide carbon 59 on aldimine 60, followed
by intramolecular substitution of ring- N’s nucleophilic attack at oc-carbon. of sulfo-—
nium-carbonyl forms annulated C-N bond to afford fused imidazoline ring 1ntermec-h-
ate 13, and removal of DMSO simultaneously. Intermediate 13 shows tautomerism with
intermediate 61. Finally, dehydrogenative aromatization furnishes 3-aroylimidazo[1,2-
a]pyridine 3.
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Scheme 41. Plausible mechanism for annulation and dehydrogenative aromatization.

Developments in synthetic strategies of 2-aroylimidazo[1,2-a]pyridines
lodine - NH,OAc mediated

In 2018, Kapoor et al. reported a simple, efficient, one-pot, and metal free strategy for
regioselective synthesis of 2-aroylimidazo[1,2-a]pyridines 28 from chalcones 1 and 2-
aminopyridines 2 by using Iodine-NH,OAc system.®®) When 2-aminopyridine react
with chalcone, either exo-amine group!*14367.731 o endocyclic pyridine nitrogen!”%"” of
2-aminopyridine 2 will undergo the first nucleophilic attack on chalcone 1, generating
two possibilities of regioisomers (2—a:oylimidazo[1,2-a]pyridjne 28 and 3-aroylimi-
dazo[1,2-a]pyridine 3). Their protocol involved formation of 3-membered iodonium
complex!”®! of chalcone by using I, as a reagent, followed by attack on B-carbon of
iodonium intermediate by endo-nitrogen of 2-aminopyridine via Ortoleva-King type
intermediate.[6%-7%-80]

In optimization study, they screened solvents such as, CHCl,;, DCE, EtOH, CH;CN,
DMF, 1,4-dioxane, toluene and chlorobenzene; among them CHCI; was most suitable.
Different additives were also screened such as, NH,CI, DABCO, p-TsOH, NH,OAc,
NaOAc, DBU, and (NH,4),SO,; among these NH,OAc improved the yield best.
Interestingly, 2-aroylimidazo[1,2-a]pyridine was not formed in absence of I,. The opti-
mized reaction condition is shown in (Scheme 42).

Substrate scope of this protocol was explored. Chalcones bearing electron donating
groups like -Me, ~-OMe, and electron withdrawing groups like ~-NO,, ~Cl, -Br reacted
efficiently to give desired product in very good yields (72-85%). Similarly, 2-aminopyri-

aryl methyl ketone, arylaldehyde and 2-aminopyridine under the optimized reaction
condition. However, the yields of three component reaction were slightly less than two
component reaction. When reaction was carried out in presence of radical scavenger




.

2 ' 0
@ V. V. KUMBHAR ET AL
(@] =!
3 U equiv.), NH,0Ac (2.0 equiv.)
N™ °NH, CHCI s oy
Ar 3, reflux. AN
Ar [0}

= CgHs, 4-CICgH,, 4-B
Ar?= CgHs, 2-N0202H" Lﬁ%?é;:?ﬁ':‘c' :MBOCGH" 2-furyl, 2-thienyl ;g_ggzmgle':
~ ,3.4,5(MeO . %ylel
Scheme 42. Regioselective e JsCeHz, 2-pyridyl, 2-thieny!
synthesis of 2-aroyl-3-arylimidazo[1,2-alpyridines 28

\ N
e 0y
2 0 HN N 0!
AR Y Ar' 2 ol ,E_ AR
I Ar! HN Ortoleva-King type
sl _ S O e O  intermediate
1

A -8 : 62 M :
HI

AcOH

Nﬂaé NH, 4()Ac

-AcOH
NH,4I &

) ; NH,l
Ar
‘ ' AcOH | -AcOH

28 64 e

G .
Ll Se Yoy g
o 3 . < O s NH3 H | 1
63

NHOAC

Scheme 43. Plausible reaction mechaan for syrithesis of 2-aroyl-3-arylimidazo[1 ,2-.a]pyridine.

like TEMPO, the yield of 2-aroylimidazo[1,2-a]pyridine did not decreased significantly.
This indicates the non-radical pathway of reaction.
yosed mechanism, they analyzed mass spectrum of the reaction
mixture at different time intervals. A plausible mechanism is outlined in (Scheme 43).
Initially, iodine reacts with chalcone 1 to form iodonium intermediatel’® 18. Then
endocydlic pyridine nitrogen of 2-aminopyridine 2 undergoes first nucleophilic attack
on the p-position of iodonium intermediate'®! generating intermediate 63 via Ortoleva-
intermediate!*®”>"" rther, intramolecular cyclization of intermediate
ine group of 2-aminopyridine lead to the
oxid ation to furnish the desired prod-

W

sthane ;

z0[1,2-a]pyridines 28 through

dines 2. They performed
jon on 2-aminopyridines.

noticed, toluene when
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Scheme 45. Mechanism for |, and K,CO; mediated synthesis of 2-aroylimidazo[1 ,2-a]pyridine.

replaced by DCE in presence of NaHCO; as a base, afforded 25% of 2-aroylimi-
dazo[1,2-a]pyridine 28 along with 3-aroyl isomer in 46% yield. Interestingly, when
NaHCO; was replaced by stronger base like K,COs3, the yield and selectivity toward 2-
aroyl isomer was improved. However, they choose a high stoichiometric amount to
optimize the reaction condition. For (0.5mmol) chalcone, they used (2.0 mmol) 2-ami-
nopyridine, (1.0mmol) ijodine and (2.25mmol) K>COs. The optimized condition is
shown in (Scheme 44).

Substrate scope for this protocol was explored. When diamination reaction were car-
ried out on chalcone 1 by alkyl- or unsubstituted 2-aminopyridines 2, it afforded the
corresponding 2-aroylimidazo[1,2-a)pyridines 28. Even 5-bromo-2-aminopyridine gave
2-aroyl isomer as a major product in DCE solvent. Whereas, 6-methyl-2-aminopyridine
was consistent in furnishing only 3-aroylimidazo[ 1,2-a]pyridine due to the steric effect
induced by 6-methyl group. The plausible mechanism is outlined in (Scheme 45). At
first, chalcone 1 undergoes Michael addition by endocyclic pyridine nitrogen of 2-ami-
nopyridine 2 to give intermediate 65. Further, I, mediated cyclization of 65 generates
dihydroimidazopyridine 64 via intramolecular Ortoleva-King reaction,[6%-:82:83] Finally,
aromatization of 64 furnishes the desired product 28.
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Graphene oxide (GO) cdtalyz;d

In 2019, Kapoor et al. reported a solvent-
of 2-aroyljmidazo[1,2-a]pyn‘dines 28 from

graphene oxide (GO) as a heterogeneous carbocatalyst.™™! This protocol has merits such
as, solvent-free condition, fast reaction, aerobic oxidation, high yields and recyclability
of catalyst up to six cycles. From green chemistry aspect, GO has several advantages
such as, large surface area, high stability, low toxicity, environmental friendly, biocom-
patibility and interesting electronic, optical, thermal and mechanical properties.[®>%! 1
this strategy, they used 20 wt. % of GO w.r.t. chalcone as a carbocatalyst. The optimized
reaction condition is shown in (Scheme 46). '

In the optimization study, they noticed that the reaction did not proceed in the
absence of GO. For catalyzing the reaction 20wt. % GO was efficient at 120 °F:.
Moreover, 10wt. % and 30 wt. % GO lowered the yield. No significant improvement in
yield was observed in presence of solvents such as EtOH, toluene, CH3CN,.DMF and
dioxane. In this strategy, chalcones bearing electron withdrawing groups ].Jke chloro,
bromo, nitro and electron rich groups like methoxy, methyl afforded appreciable corre-;
sponding yields. Interestingly, this protocol was well tolerated by oxymethylene moiety

and heteryl ring systems. Recyclability of GO catalyst indicates no significant loss of
catalytic activity for up to five consecutive runs.

free oxidative coupling method for synthesis
chalcones 1 and 2-aminopyridines 2 by using

=

ieve the current review pro-
orted in the last decade toward
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