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An articulate approach to a diverse set of imidazoheterocycles in good to high yields via a
copper-catalyzed aza-annulation of several oxime esters with a group of 2-amino-azaarenes
was developed. The above cyclization reaction probably proceeds via a single electron
transfer process which embodies a new technique for creating two new C-N bonds for
imidazole ring synthesis. Gratifyingly, the implementation of this chemistry could be

further stretched to the synthesis of a novel class of fused imidazoles bearing a furo[3,2-
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c]chromene moiety via a
functionalization/5-endo-dig-oxacyclization (C-C and C-O bonds) of in situ produced
fused imidazoles with cyclic enynones in the presence of copper(Il) as a m-electrophilic
Lewis acid catalyst.

sequential C-N bond formation, followed by C(sp?)-H

The imidazo[1,2-a]pyridines (IPs) are one of the most
fascinating classes of N-fused bicyclic molecules.' Because these
pivotal cores are commonly found in many bioactive natural
products? and biologically active substances.? In addition, these
moieties have great applications in material science’ and
organometallic chemistry.> Most importantly, they constitute a
number of best-selling marketable medicines (Figure 1) such as
anxiolytic drug alpidem, osteoporosis drug minodronic acid,
GSK 812397 (treatment for infection) etc.® Owing to their wide
ranging bioactivities, a variety of modern tools have been
developed for substituted IPs (Scheme 1).”*° For example, the
traditional route follows the condensation-cyclization reaction
involving 2-aminopyridines as 2N1C synthons and 2-haloketones
in the presence of base or catalyst-free conditions was
established, offering a g)owerful tactic for the rapid access to IPs
(Route A, Scheme 1).” Besides, several research groups have
developed one of the most modern approaches for the synthesis
of substituted IPs via copper-catalyzed [Cul, Cu(ll)-nanoTiO, or
Cu(ll)-Znl,]  oxidative coupling reaction between 2-
aminopyridines with unactivated methyl ketones triggered by
several ligands or additives under O, atmosphere.”*® Excitingly,
replacing ketones by N-tosylhydrazones, the aerobic oxidative
coupling reaction also proceeded nicely with 2-aminopyridines
using Au(l)

/CFN a @ _N cl
Y N
o S X NJ—XPO(OH)Z CV/

~ N/

(HO),OP oH

N
R
Alpidem: R=i-Pr
Figure 1. Selective examples of IP-based drug molecules.

DPP4 inhibitor

Minodronic acid HN'1c5 = 0.13mM

and CsOAc as a combined catalytic system at 110 °C (Route C)."
Similarly, by using different kinds of 2C coupling partners,
many attractive methods documented which include Cu(l) or
Fe(lll)-catalyzed  [3+2] cyclization  reaction involving
nitroalkenes as 2C sources (Route D),” a catalyst-free Michael-
5-exo-trig-azacyclization of MBH acetates with  2-
aminopyridines (Route E),'® silver-or copper-catalyzed direct
oxidative coupling/cyclization reaction of both terminal and
internal alkynes with 2-aminopyridines.”’ Intriguingly,
suppressing the use of 2-aminopyridines by pyridines (IN1C
systems), Jiang, Fu and Adimurthy groups brilliantly synthesized
mainly C2-substituted IPs via a copper-catalyzed oxidative C-H
functionalization of pyridines with several 1N2C synthons
namely N-(1-arylethylidene)-4H-1,2 4-triazol-4-amines (Route
G), oxime esters (Route H), vinyl azides (Route I) and enamides
(Route J) promoted by Li,CO; or molecular sieves. ** Moreover,
Meshram et al. also established a convenient three-component
reaction for accessing to 3-unsubstituted IPs via a C-H
functionalization/cyclization process wusing Cu(ll)-salt in
[bmin]BF, as a reusable ionic liquid (Route K)." Even though,
the great achievements have been made for the synthesis of
substituted IPs.  However, most of the reported methods are
linked with several issues such as use of co-catalyst, additive or
ligand, need of high temperature, unsatisfactory yields, longer
reaction time, limited substrate scope etc. Therefore, we are
interested to devise an alternative, catalytic, additive-free method
for accessing both C2-and C3-substituted imidazoheterocycles
from simple substances.
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Scheme 1. Various routes to IPs synthesis.

As part of our research works related to the development of new
domino methods for making a biologically relevant N-containing
heterocycles including alpidem derivative,” here in, we further
disclose a novel CuCl,-catalyzed aza-annulation method for the
modular synthesis of imidazoheterocycles from 2-aminopyridines
and oxime esters without using any co-catalyst and additive
(Route L, Scheme 1).

Table 1. Optimization conditions.?

X
.OAc
N N Conditions @
| " | = NN

— N
N NH, Ph Me —

1a 2a 3aa Ph
Entry  Catalyst Solvent T°C T Yield °(%)
()

1 - Dioxane 80 12 nd®
2 CuCl, Dioxane 80 6 55
3 CuCl, Dioxane 90 6 76
4 CuCl, Dioxane 100 6 74
5 CuCl, DCE 90 6 81
6 CuCl, Toluene 90 6 66
7 CuCl, DMF 90 6 25
8 CuCl, MeCN 90 6 69
9 CuBr, DCE 90 6 71
10° Cu(OAC),.H0 DCE 90 6 67
11° CuCl,.2H,0 DCE 90 6 72
12 Cu(OTf), DCE 0 6 36
13 Cul DCE 90 12 >10
14 CuBr DCE 90 12 >10
15 FeClg DCE 90 12 >5
16 AuBr3 DCE 90 12 nd®
17 AgOACc DCE 90 12 nd®
18 AgOTf DCE 90 12 nd®
19 AgTFA DCE 90 12 nd®
20° CuCl, DCE 90 12 61

2All the reactions were carried out with 2-aminopyridine (0.2 mmol), oxime
ester (2a, 0.24 mmol) and catalyst (0.02 mmol, 10.0 mol%) in specified dry
solvent (1.5 mL) under N, atmosphere and temperature. “Isolated yield after

5.0
mol% CuCl, was used. °nd= not detected

The study was commenced by examining the reaction between 2-
aminopyridine (1a) and oxime acetate 2a in 1,4-dioxane using 10
mol% of anhydrous CuCl, as a catalyst at 80 °C (entry 2, Table
1). To our delight, after 6h, the expected imidazo[1,2-a]pyridine
3aa was isolated in a moderate yield (55%). Interestingly, upon
rising the temperature to 90 °C, the reaction yielded to 76% of
3aa. To improve the yield further, several common solvents
namely 1,2-dichloro ethane (DCE), toluene, DMF and MeCN
were tested for this annulation reaction. Results indicated that
DCE provided a better yield (81%, entry 5) than other solvents
(yields up to < 69%, entries 6-8). Next, we screened other
catalysts such as CuBr,, Cu(OAc),.H,0, CuCl,.2H,0, Cu(OTf),,
Cul, CuBr, FeCls;, AuBr; and Ag-salts (entries 17-19). It was
found that Cu(l), Fe(lll), Au(lll) and Ag(l)-catalysts did not
promote the reaction effectively. However, hydrated Cu(ll)-salts
(entries10 and 11) afforded good yields of 3aa (67-72%) along
with a small amount of acetophenone (10-15% vyields).
Furthermore, 71% and 36% yields of 3aa were obtained by using
CuBr, and Cu(OTf), as catalysts respectively. Therefore, taking
into the consideration of the yield, CuCl, was found to be a
superior catalyst as compared to other Cu-salts, selecting the best
catalyst for this aza-annulation reaction.

With optimal catalytic conditions in hand, we demonstrated the
scope and limitation of the [3+2] annulation reaction by
OAc CuCl; (10 mol%)

SR (l
q:j\ )\ DCE, 90°C,6:8h

NH, R ,’

3aa:R = Ph; 81%; N
= ! ! =
Z R 3ab:R = 4-MeCgHy; 80% = )
s N7/ 3aciR =4-MeOCgHy; 76% N

3ad:R =4-MeSCgHy; 75%
3ae: R= 2-CICgHy; 71%
3af:R = 4-CICgHy; 72% Mg

3ag:R = 3-BrCgH,; 70% 2
3ah: R = 4-BrCqHy; 72% s N/ o
3ai: R = 4-FCgHy; 70% 3bn: 67% J

3aj: R = 2-NO,CgHy; 59% : o
3ba: R = Ph; 80%
3bc:R = 4-MeOCgHy; 76%
~ M Me AN R 3bF:R = 4-CICeHy; 71%
s N7 S ~ N f 3bg:R = 3-BrCgH4:69%
3al: 79% 3bh:R = 4-BrCgH4;73%
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la-e (0.2 mmol), 2a-p (0.24 mmol) and CuCl; (0.02 mmol) in DCE (1.5 mL)
under N, atmosphere at 90 °C for 6-8h.%

taking several 2-aminopyridines and a wide range of oxime esters
as 2C sources under established conditions. The obtained results
are included in Scheme 2. It was found that oxime esters (2b-d)
bearing electron-donating (Me, MeO and MeS) substituents on
the aryl rings provided better yields (75-80%) of the
corresponding C2-substituted IPs (3ab-3ad) than electron-
withdrawing ones (Cl, Br, F, NO,. 3ae-3aj for 59-72% yields). It
is noteworthy to mention that zolimidine as a gastroprotective
drug could be synthesised from compound 3ad through a one-
step operation. Interestingly, oxime esters 2k and 21 derived from
an either bulky naphthyl or heteroaryl group ran nicely with la
to give the targeted heterocycles 3ak and 3al in promising yields
in 73% and 79% vyields respectively. Moreover, several
functionalities namely Me, ClI and Br attached to the aza-rings
were subjected to the radical cyclization reaction with a series of
oxime esters (2a-n) via a N-O bond cleavage, leading to the
expected 2-aryl/heteroaryl-substituted IPs (3ba-3ea) in good to
high yields (63-80%). Notably, the presence of electron
withdrawing  functionalities of starting materials  (2-
aminopyridines or oxime esters) had reduced the rate of the
reaction, resulting in slightly lower yields. Notably, the
completion of cyclization process also required extra time.  To
our great pleasure, oxime esters (20 and 2p) derived from
propiophenone and a-tetralone were also productive, leading to
the 71%, 70% and 37% yields of 2,3-disubstituted fused
imidazoles 3ao, 3bo and 3ap respectively.

To explore a more challenging substrates, we employed 2-
aminothiazole (1f) and 2-aminobenzothiazole (1g) in this aza-
annulation process. As can be seen in Scheme 3, oxime esters
(2a, 2b and 2c) derived from acetophenones provided 77%, 75%,
69% and 66% yields of the corresponding imidazo[2,1-
b]thiazoles 3fa, 3fb, 3ga and 3gc respectively, while reacting
with 1f and 1g.

-~ OAc
P N7 Gucl, (10 mol) N R
' [ N—NH, +)|\ 2 - ) N/ﬁ/
Ry g R~ “Me DCE, 90°C S
] ) 6-8h S

[ﬁ/@ ka:

3fa:X =H; 77%
3fb:X = Me;75%

3ga:X = H; 69%
3gc:X = MeO; 66%

Scheme 3. One-Pot synthesis of imidazoheterocycles. Reaction conditions:
compound 1 (0.2 mmol), 2(0.24 mmol) and CuCl, (0.02 mmol) in DCE (1.5
mL) under N, atmosphere at 90 °C for 6-8h.

To gain mechanistic insight, the control experiments were
conducted. By using a strong radical scavenger TEMPO or BPO,
the reaction was completely inhibited by radical scavenger and
did not provide 3aa (Scheme 4a and 4b). Thus, the results
suggested that annulation reaction proceeded through a radical
pathway. Moreover, under optimal conditions, it was found that
the product 3aa did not generate form acetophenone (2A) and la
in the presence of CuCl,.

N _OAc CUuCl, (10 mol%) @
| TEMPO (1.5 equiv) A\
pZ | N™ SN o
NT NH, T Ph o ——————> . N @
1a 22 "¢ DCE, 90°C, 8h 308
Not observed
BPO (1.5 equiv.
1a R (1:5 equiv) 3aa oo (b)
standard conditions Not observed
N o CuCl, (10 mol%) | S
| DCE, 90 °C, 8h O
pZ + N

—_—
N NH, Ph Me .
1a 2A 3aa

Scheme 4. Control experiments. No conversion

Based on the above control experiments as well as literature
report,”> we propose a tentative mechanism of the reaction as
depicted in Scheme 5. Firstly, the oxidative addition of Cu (1) to
2a generates iminium radical 2a’ along with AcOCu(lll) via a N-
O bond cleavage. This radical undergoes tautomerization to 2a".
On the other hand, a single-electron-transfer (SET) process may
take place between la and AcOCu(lll) to form a stable
pyridinium radical 6 via a tautomerization of aminyl radical 5.
The intermediate 6 may stabilize by delocalizing the n-type of N-
center radical via a resonance or a captodative effect. It should
be noted that AcOH and Cu(ll)-catalyst are generated during this
SET process. It requires for next catalytic cycle. Next, the radical
coupling between 2a” and 6 may proceed via a C-N bond
formation, resulting in intermediate 7 which in turn cyclizes to
give intermediate 8. The latter subsequent eliminates NH,OAc
triggered by AcOH, leading to the 3aa.

OAc  N-O bond cleavage

x = A

22 gy AcOCu(lll)

Ph 2a’ C-N bond Et\l\

making

-AcOH
X

» o

1a 5 OQ O@ 6

cyclization X AcOH
ordaaton_ (TN _peor
N
N (‘\ Ph P
Ph W © :
9 .

8 NH, OAc

Scheme 5. Possible mechanism.

Presently, the direct C(sp®)-H bond functionalization of IPs has
been given special importance in synthetic and medicinal
chemistry community.”” Since, this novel technique serves
efficiently C3-substituted IPs with elusive substitutions patterns
in an atom-economical way. Literature study showed that all the
reported methods are based on the use of isolated IPs. Therefore,
it is meaningful to develop a new catalytic one-pot strategy for
the direct synthesis as well as functionalization of IPs. On the
other hand, we previously reported AgSbFs-catalyzed a tandem
cyclization reaction of cyclic enynones with 2-alkynyl anilines to
afford 2,3-disubstituted indole scaffolds.”® Thus, we planned to
extend our current annulation reaction for the installation of a



valu

a tandem C(sp“)-H bond functionalization of in situ generated IPs
with 3-alkynyl-4H-chromen-4-ones as appropriate electrophiles
under present conditions.? Results in Scheme 6 showed that

R1

- OAC Cuct, (10 mol%) N

| L )|\ DCE 90 °C \\” 3.6h
N
NZ\ R Me Step-ll
NH, Step |
1 2 R 3

\ 5aab: R? = 4-MeCgHy; 72%

o!
X ___ 5aac: R? = 4-MeOCgHy; 69%
N 5aae: R? = 4-FCgHy; 70%
O Me
|

5ace:65%
5acb:Y = MeO; 64%
5ahb:Y = Br; 62%

5 \ Ph MeQO’
o
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I o Ph
D Sbaaiy =H;66% b = Me:69%

5bfa: Y = Cl; 60%

Saga: ¥ = 3-Br; 60% Sbea: Y = MeO;63%

5afa: Y= 4-Cl, 63% Y

Sbac:X= MeO;70%
Me Me

5bfd:X = Cl; 58%
5bmd:X = NO,; 51%

5bfb:Y = CI; 60%
Sbceb:Y = Me0:61%

5bae:Y = H; 68%
5bie:Y = F; 61%
Y 5bce:Y = MeO;64%

Scheme 6. Sequential one-pot synthesis of furo[3,2-c]chromenyl
imidazoheterocycles. Reaction conditions: All the reactions were carried out
with 2-aminopyridine 1 (0.2 mmol), oxime ester 2 (0.24 mmol) and
CuCl,(0.02 mmol, 10.0 mol%) in DCE (1.5 mL) under N, atmosphere at 90
°C for 4-6h, afterwards, cyclic enyone 4 (0.24 mmol) in (0.5 mL) was added
to the above reaction mixture at same temperature for 3-6h. 2

4
ed

efficiently in the Friedel-Crafts/5-endo-dig-oxacyclization
reaction with a group of 3-(1-alkynyl)-4H-chromen-4-ones (4a-
f) catalyzed by CuCl, as a m-electrophilic Lewis acid.
Consequently, all the reactions produced promising yields (51-
72%, overall) of an impressive array of furo[3,2-c]chromenyl-
substituted IPs (5aab-5ble) via a selective two C-N, C-C and C-
O bonds formation. It is noteworthy to mention that the attaching
electron withdrawing (F, ClI, Br and NO,) substituents on the
pyridine rings of IPs reduced their nucleophilicities, resulting in
slightly lower vyields of corresponding furo[3,2-c]chromene
adducts. Pleasantly, incorporation of Me and MeO groups on the
aryl rings of cyclic enynones did not hamper the reactivities,
providing 62% and 68% vyields of 5ajg and 5aah respectively.
Gratifyingly, imidazo[2,1-b]thiazole (3fa) and
benzo[d]imidazo[2,1-b]thiazole (3gb) were well tolerated in this
sequential process to deliver the targeted furo[3,2-c]chromenyl
fused imidazoles (5fag for 61% yield and 5gcf for 55% yield).

In summary, we have demonstrated an efficient copper-catalyzed
one-pot modular synthesis of a series of medicinally well-
recognized imidazoheterocycles via an aza-annulation reaction of
2-amino-azaarenes with several oxime esters. This cyclization
process provides good to high yields of aforesaid scaffolds via a
N-O bond cleavage/two C-N bonds formation, thus it guarantees
a wide substrate scope. Moreover, the radical trapping
experiment suggests that the reaction possibly initiates via a
single electron transfer process. In addition, this flexible catalytic
approach can be further extended towards the synthesis of an
important class of furo[3,2-c]chromenyl fused imidazoles in
satisfactory yields via a m-electrophilic CuCl,-catalyzed direct
C(sp)-H bond functionalization of IPs, capable of making C-N,
C-C and C-O bonds in a one-pot manner with high efficiency.
Further efforts towards the more substrates and their biological
study are in progress which will be published in due course of
time.

Acknowledgments

The authors thank CSIR (Project No. 02(0273)/16/EMR-11) and SERB-
DST (CRG/2018/001111) research grants, Govt. of India for generous
financial support and SIC facility, IIT Indore. Dr. S. K. G. also thanks to
SERB-NPDF for financial support.

Supporting Information

Experimental details, characteristic data, *H and **C NMR spectra of products
are included, which can be found in the online version

References and notes

1. Reen, G. K. Kumar, A.; Sharma, P. Beilstein J. Org.
Chem.2019, 15, 1612. (b) Katritzky, A. R.; Ramsden, C. A,
Scriven, E. F. V.; Taylor, R. J. K. Comprehensive Heterocyclic
Chemistry 11, Elsevier: Oxford, 2008.

2. (a) Enguehard-Gueiffier, C.; Gueiffier, A. Mini-Rev. Med.
Chem. 2007, 7, 888. (b) Baviskar, A. T.; Amrutkar, S. M.;
Trivedi, N.; Chaudhary, V.; Nayak, A.; Guchhait, S. K



10.

11.

12.

13.

14.

15.

Chem. Lett. 2015, 6, 481.

(@) Kim, O.; Jeong, Y.; Lee, H.; Hong, S.-S.; Hong, S. J. Med.
Chem. 2011, 54, 2455. (b) Al-Tel, T. H.; Al-Qawasmeh, R. A;
Zaarour, R. Eur. J. Med. Chem. 2011, 46, 1874. (c) Lacerda, R.
B.; de Lima, C.K.; da Silva, L. L.; Romeiro, N. C.; Miranda, A.
L.; Barreiro, E. J.; Fraga, C. A. Bioorg. Med. Chem. 2009, 17,
74. (d) Ismail, M. A.; Arafa, R. K.; Wenzler, T.; Brun, R;
Tanious, F. A.; Wilson, W. D.; Boykin, D.W. Bioorg. Med.
Chem. 2008, 16, 683. (e) Linton, A.; Kang, P.; Ornelas, M.;
Kephart, S.; Hu, Q.; Pairish, M.; Jiang, Y.; Guo, C. J. Med.
Chem. 2011, 54, 7705.

(a) Stasyuk, A. J.; Banasiewicz, M.; Cyranski, M. K.; Gryko,
D. T. J. Org. Chem. 2012, 77, 5552. (b) Wan, J.; Zheng, C.-J.;
Fung, M.-K. Liu, X.-K.; Lee, C.-S.; Zhang, X.-H. J. Mater.
Chem. 2012, 22, 4502. (c) Shono, H.; Ohkawa, T.; Tomoda, H.;
Mutai, T.; Araki, K. ACS Appl. Mater. Interfaces 2011, 3, 654.
(@) John, A.; Shaikh, M. M.; Ghosh, P. Dalton Trans. 2009,
10581. (b) Song, G.; Zhang, Y.; Li, X. Organometallics 2008,
27,1936.

(@) Langer, S. Z. Arbilla, S.; Benavides, J. Adv.
Biochem.Psychopharmacol.1990, 46, 61. (b) Harrison, T. S.; G.
M. Keating, CNS Drugs 2005, 19, 65. (c) Hanson, S. M,
Morlock, E. V. ; Satyshur, K. A.; Czajkowski, C. J. Med. Chem.
2008, 51, 7243.(d) Gudmundsson, K.; Boggs, S. D. WO
2006026703, 2006. (e) Tanishima, S.; Morio, Y. Clin. Interv.
Aging 2013, 8, 185. (f) Gudmundsson, K. S.; Williams, J. D.;
Drach, J. C.; Townsend, L. B. J. Med. Chem. 2003,46, 1449.

(a) Bagdi, A. K.; Santra, S.; Monir, K. ; Hajra, A. Chem.
Commun. 2015, 51, 1555. (b) Yu, Y.; Su, Z.; Cao, H. Chem.
Rec. 2019, 19, 1. (c) Guchhait, S. K.; Chandgude, A. L.;
Priyadarshani, G. J. Org. Chem. 2012, 77, 4438. (d) Chernyak,
N.; Gevorgyan, V. Angew. Chem. Int. Ed. 2010, 49, 2743. (e)
Huo, C.; Tang, J.; Xie, H.; Wang, Y.; Dong, J. Org. Lett. 2016,
18, 1016. (f) Ma, L.; Wang, X.; Yu, W.; Han, B. Chem.
Commun. 2011, 47, 11333.

(a) Ulloora, S.; Adhikari, A.V.; Shabaraya, R. Chin. Chem. Lett.
2013, 24, 853. (b) Herath, A.; Dahl, R.; Cosford, N.D.P. Org.
Lett. 2010, 12, 412. (c) Donohoe, T. J.; Kabeshov, M. A.; Rathi,
A. H.; Smith, I. E. D. Org. Biomol. Chem. 2012, 10, 1093. (d)
Rao, R. N.; MM, B.; Maiti, B.; Thakuria, R.; Chanda, K. ACS
Comb. Sci.2018, 20, 164.

(@) Mohan, D. C.; Donthiri, R. R.; Rao, S. N.; Adimurthy, S.
Adv. Synth. Catal. 2013, 355, 2217. (b) Mohan, D. C.; Rao, S.
N.; Ravi, C.; Adimurthy, S. Asian J. Org. Chem. 2014, 3, 609.
Cai, Z.-J.; Wang, S.-Y.; Ji, S.-J. Adv. Synth. Catal. 2013, 355,
2686.

Zhang, Y.; Chen, Z.; Wu, W.; Zhang, Y.; Su, W. J. Org. Chem.
2013, 78, 12494.

Bagdi, A. K.; Rahman, M.; Santra, S.; Majee, A.; Hajra, A. Adv.
Synth. Catal. 2013, 355, 1741.

(@) Meng, X.; Wang, Y.; Yu, C.; Zhao, P. RSC Adv. 2014, 4,
27301. (b) Pericherla, K.; Kaswan, P.; Khedar, P.; Khungar, B.;
Parang, K.; Kumar, A. RSC Adv. 2013, 3, 18923. (c) Cai, Q.;
Liu, M.-C.; Mao, B.-M.; Xie, X.; Jia, F.-C.; Zhu, Y.-P.; Wu, A.-
X. Chin. Chem. Lett. 2015, 26, 881. (d) Zhang, J.; Lu, X.; Li,
T.; Wang, S.; Zhong, G. J. Org. Chem. 2017, 82, 5222.

Guo, P.; Huang, S.; Mo, J.; Chen, X.; Jiang, H.; Chen, W.; Cali,
H.; Zhan, H. Catal. Commun. 2017, 90, 43.

(a) Santra, S.; Bagdi, A. K.; Majee, A.; Hajra, A. Adv. Synth.
Catal. 2013, 355, 1065. (b) Yan, R.-L.; Yan, H.; Ma, C.; Ren,
Z.-Y.; Gao, X.-A.; Huang, G.-S.; Liang, Y.-M. J. Org. Chem.
2012, 77, 2024.

17.

18.

19.

20.

21.

22,

23.

24,

2012, 14, 4580.

() Zhan, H.; Zhao, L.; Liao, J.; Li, N.; Chen, Q.; Qiu, S.; Cao,
H. Adv. Synth. Catal. 2015, 357, 46. (b) Zeng, J.; Tan, Y. J;
Leow, M. L.; Liu, X.-W. Org. Lett. 2012, 14, 4386. (c) He, C;
Hao, J.; Xu, H.; Mo, Y.; Liu, H.; Han, J.; Lei, A. Chem.
Commun. 2012, 48, 11073. (d) Cao, H.; Liu, X.; Liao, J;
Huang, J.; Qiu, H.; Chen, Q.; Chen, Y. J. Org. Chem. 2014, 79,
11209. (e) Cao, H.; Liu, X.; Zhao, L.; Cen, J.; Lin, J.; Zhu, Q.;
Fu, M. Org. Lett. 2014, 16, 146.

(a) Donthiri, R. R.; Pappula, V.; Reddy, N. N. K.; Bairagi, D.;
Adimurthy, S. J. Org. Chem. 2014, 79, 11277. (b) Park, S,;
Kim, H.; Son, J.-Y.; Um K., Lee, S.; Baek, Y.; Seo, B.; Lee, P.
H. J. Org. Chem. 2017, 82, 10209. (c) Huang, H.; Ji, X.; Tang,
X.; Zhang, M.; Li, S.; Jiang, H. Org. Lett.2013, 15, 6254. (d)
Yu, J; Jin, Y.; Zhang, H.; Yang, X.; Fu, H. Chem. Eur. J.
2013, 19, 16804 . (e) Zhou, X.; Yan, H.; Ma, C.; He, Y.; Li, Y ;
Cao, J.; Yan, R.; Huang, G. J. Org. Chem. 2016, 81, 25.
Kumar, G. S.; Ragini, S. P.; Kumar, A. S.; Meshram, H. M.
RSC Adv. 2015, 5, 51576.

(@) Majee, D.; Biswas, S.; Mobin, S. M.; Samanta, S. J. Org.
Chem. 2016, 81, 4378. (b) Majee, D.; Biswas, S.; Mobin, S. M;
Samanta, S. Org. Biomol. Chem. 2017, 15, 3286. (c) Khan, E.;
Biswas, S.; Mishra, S. K.; Mishra, R.; Samanta, S.; Mishra, A.;
Tawani, A.; Kumar, A. Biochimie 2019, 163, 21. (d) Prakash,
M.; Gudimella, S. K.; Lodhi, R.; Samanta, S. J. Org. Chem.
2020, 85, 2151.

To, T. A;; Vo, Y. H.; Nguyen, A. T.; Phan, A. N. Q.; Truong,
T.; Phan, N. T. S. Org. Biomol. Chem. 2018, 16, 5086.

Direct C-H functionalization of imidazoheterocycles at C3
positions, see: (a) Monir, K.; Bagdi, A. K.; Ghosh, M.; Hajra,
A. J. Org. Chem. 2015, 80, 1332. (b) Bagdi, A. K.; Hajra, A.
Chem. Rec. 2016, 16, 1868. (c) Ravi, C.; Adimurthy, S. Chem.
Rec. 2017, 17, 1019. (d) Singsardar, M.; Mondal, S.; Laru, S.;
Hajra, A. Org. Lett. 2019, 21, 5606. (¢) Samanta, S.; Mondal,
S.; Ghosh, D.; Hajra, A. Org. Lett. 2019, 21, 4905. (f)
Singsardar, M.; Laru, S.; Mondal, S.; Hajra, A. J. Org. Chem.
2019, 84, 4543. (g) Mondal, S.; Samanta, S.; Jana, S.; Hajra, A.
J. Org. Chem. 2017, 82, 4504. (h) Kibriya, G.; Samanta, S.;
Jana, S.; Mondal, S.; Hajra, A. J. Org. Chem. 2017, 82, 13722.
(i) Mitra, S.; Ghosh, M.; Mishra, S.; Hajra, A. J. Org. Chem.
2015, 80, 8275. (j) Mishra, S.; Mondal, P.; Ghosh, M,
Mondal, S.; Hajra, A. Org. Biomol. Chem. 2016, 14, 1432. (k)
Yang, D.; Yan, K.; Wei, W.; Li, G.; Lu, S.; Zhao, C.; Tian, L.;
Wang, H. J. Org. Chem. 2015, 80, 11073. (l) Singsardar, M.;
Mondal, S.; Sarkar, R.; Hajra, A. ACS Omega 2018, 3, 12505.
(m) Shakoor, S. M. A.; Agarwal, D. S.; Kumar, A.; Sakhuja, R.
Tetrahedron 2016, 72, 645. (n) Zhao, X.-M.; Huang, E.-L.; Zhu,
Y.-S.; Li, J.; Song, B.; Zhu, X.; Hao, X.-Q. Org. Biomol. Chem.
2019,17,4869. (0) Gunaganti, N.; Kharbanda, A.; Lakkaniga, N.
R.; Zhang, L.; Cooper, R.; Li, H.-Y.; Frett, B. Chem. Commun.
2018, 54, 12954. (p) Ji, X.-M.; Xu, L.; Yan, Y.; Chen, F.; Tang,
R.-Y. Synthesis 2016, 48, 687. (q) Lei, S.; Mai, Y.; Yan, C,;
Mao, J.; Cao, H. Org. Lett. 2016, 18, 3582.

Dagar, A.; Guin, S.; Samanta, S. Asian J. Org. Chem. 2018, 7,
123.

(a) Boto, A. Alverez, L. In Heterocycles in Natural Product
Synthesis, (Eds: K. C. Majumdar, S.K. Chattopadhyay) Wiley-
VCH, Weinheim, 2011; (b) Santana, L.; Uriarte, E.; Roleira, F.;
Milhazes, N.; Borges, F. Curr. Med. Chem. 2004, 11, 3239. (c)
Ruberto, G.; Renda, A.; Tringa-li, C.; Edoardo, M.; Simmonds,
M. S. J. J. J. Agric. Food Chem. 2002, 50, 6766.(d) Elenkov, .



25.

26.

27.

Lerman, L.;Suéi¢, A. F.; Vujasinovi¢, 1.; Bosnjak, B.; Brajsa,
K.;Ziher, D.; Hulita, N.K.; Malnard, I. Croat. Chem. Acta 2013,
86, 253.

(@) Yao, T.; Zhang, X.; Larock, R. C. J. Am. Chem. Soc. 2004,
126, 11164. (b) Xiao, Y.; Zhang, J. Adv. Synth. Catal. 2009,
351, 617.

Representative procedure for the synthesis of imidazo[1,2-
a]pyridines: A mixture of 2-aminopyridines 1 (0.2 mmol),
oxime esters 2 (0.24 mmol) and anhydrous CuCl, (2.7 mg, 0.02
mmol) in dry DCE (1.5 mL) under nitrogen atmosphere was
heated in oil bath at 90 °C. The reaction was monitored by TLC.
After reaction was finished, it was quenched with water,
extracted with ethyl acetate (3 x10 mL) and dried over Na,SO,.
The combined filtrate was concentrated under reduced pressure
to leave the crude mass. Finally, it was purified by silica-gel
column chromatography technique (hexane/ethyl acetate =
70:30) to afford the desired imidazo[1,2-a]pyridine 3.
Compound 3aa: pale yellow solid; mp 133-135 °C; yield 81%
(31.4 mg); Ry = 0.60 (ethyl acetate/hexane = 3:7); H NMR
(400 MHz, CDCly) & 8.12 (d, J = 6.4 Hz, 1H), 7.96 (d, J = 7.4
Hz, 2H),7.86 (s, 1H), 7.66 (d, J=9.0 Hz, 1H), 7.44 (t, J = 7.3
Hz, 2H), 7.33 (t, J = 7.1 Hz, 1H), 7.18 (t, J = 7.7 Hz, 1H), 6.78
(t, J = 6.4 Hz, 1H) ppm; *C NMR (100 MHz, CDCl;) & 145.6,
1455, 133.5, 128.7, 128.0, 126.1, 125.6, 124.8, 117.5, 112.6,
108.1 ppm; HRMS-ESI: m/z caled for CisHyN, [M+H]™:
195.0917, found: 195.0914.

Reported data for compound 3aa:*® Light yellow solid, mp
=135-137 °C; 'H NMR (400 MHz, CDCl) & 8.08 (d, J = 6.8
Hz, 1H), 7.95 (d, J = 7.2 Hz, 2H), 7.83 (s, 1H), 7.63 (d, J = 9.0
Hz, 1H), 7.43 (t, J = 7.6 Hz,2H), 7.32 (t, J = 7.4 Hz, 1H), 7.19 -
7.11 (m, 1H), 6.75 (t, J = 6.7 Hz, 1H); *C NMR (101 MHz,
CDCl;) & 145.70, 145.61, 133.64, 128.68, 127.95, 126.02,
125.54, 124.65, 117.47, 112.41, 108.08.

General experimental procedure for the synthesis of 4H-
furo[3,2-c]chromen-4-yl)imidazo[1,2-a]pyridines: To a
stirred solution of 2-aminopyridines 1 (0.2 mmol), oxime esters
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dry DCE (1.5 mL) under nitrogen atmosphere was heated at 90
°C for 4-6h (monitored by TLC). Afterwards, cyclic enynones 4
(0.24 mmol) in DCE (0.5 mL) was added to the above reaction
mixture at same temperature for another 3-6h. The reaction was
monitored by TLC. Afterwards, the reaction mixture was
extracted with ethyl acetate (3 x10 mL), washed with water and
dried over Na,SO,. The combined organic solvents were
concentrated under reduced pressure to give the crude product
which was purified by silica-gel column chromatography
technique (hexane/ethyl acetate = 70:30) to give the product 5.
Compound 5aga: pale yellow solid; mp 178-180 °C; yield
60% (62.3 mg); Ry = 0.70 (ethyl acetate/hexane = 3:7); *H NMR
(400 MHz, CDCl,) 6 8.24 (d, J = 6.9 Hz, 1H), 7.98 (s, 1H),
7.62-7.70 (m, 5H), 7.53 (d, J = 8.5 Hz, 1H), 7.31 — 7.43 (m,
3H), 7.24 — 7.30 (m, 2H), 7.15 — 7.23 (m, 2H), 7.08 (t, J = 7.2
Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.71 (t, J = 6.5 Hz, 1H), 6.20
(s, 1H) ppm; C NMR (100 MHz, CDCl3) & 155.3, 153.0,
146.3, 146.2, 145.1, 135.8, 132.0, 131.4, 130.1, 129.8, 129.1,
128.8, 128.0, 127.5, 126.2, 125.9, 123.7, 122.8, 122.2, 119.8,
117.8, 116.9, 116.7, 116.0, 115.5, 112.6, 103.0, 70.6 ppm;
HRMS-ESI: m/z calcd for CaoH,BrN,O,[M + H]* : 519.0703,
found: 519.0674.
Compound 5afa: pale yellow solid; mp 224-226 °C; yield 63%
(59.8 mg); R¢= 0.70 (ethyl acetate/hexane = 3:7); *H NMR (400
MHz, CDCls) 6 8.24 (s, 1H), 7.72 (s, 3H), 7.62 (t, J = 7.6 Hz,
3H), 7.46 (d, J = 6.8 Hz, 2H), 7.37 (t, J = 7.4 Hz, 2H), 7.27 (d, J
= 11.0 Hz, 2H), 7.13 — 7.23 (m, 2H), 7.08 (t, J = 7.4 Hz, 1H),
6.95 (d, J = 8.0 Hz, 1H), 6.71 (t, J = 6.5 Hz, 1H), 6.20 (s, 1H)
ppm; *C NMR (100 MHz, CDClg) 5 155.3, 153.0, 146.3, 145.5,
1345, 132.2, 130.2, 129.8, 129.1, 128.9, 128.8, 128.0, 126.3,
125.8, 123.7, 122.2, 119.8, 117.7, 116.7, 116.0, 115.6, 112.6,
103.0, 70.7 ppm; HRMS-ESI: m/z calcd for C3yH»,CIN,O, [M +
H]*: 475.1208, found 475.1214.

Highlights
o Copper(Il)-catalyzed one-pot approach to
imidazoheterocycles in good to high yields.
e The reaction has been proceeded via a N-O
bond cleavage of oxime esters.
e One-pot two-step sequential synthesis of
furo[3,2-c]chromenyl fused imidazoles in
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