Downloaded via ORTA DOGU TEKNIK UNIV on September 4, 2024 at 12:04:17 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

- QA

v
A4

This article is licensed under CC-BY 4.0 @ @

http://pubs.acs.org/journal/acsodf

InCl;-Catalyzed One-Pot Synthesis of Pyrrolo/Indolo- and
Benzooxazepino-Fused Quinoxalines

Nuray Esra Aksakal and Metin Zora™

Cite This: ACS Omega 2024, 9, 33251-33260

I: I Read Online

ACCESS |

[l Metrics & More |

Article Recommendations |

@ Supporting Information

[N
< Z/ \)
\ N = I CHO
NH, | * S
S 2 74 (o)
| R> N
A
R4

ONE-POT

—_—
p-xylene
reflux

ONE-POT

10 examples
up to 83% vyield
Generation of three new C/N-C bonds
in a single operation

ABSTRACT: In this paper, we describe an efficient InCl;-catalyzed two-component reaction of 1-(2-aminophenyl)pyrroles/indoles
and 2-propargyloxybenzaldehydes for the direct synthesis of 12bH-benzo[6,7]1,4-oxazepino[4,5-a]pyrrolo/indolo[2,1-c]-
quinoxalines. This high atom- and step-economical one-pot process generates three new C/N—C bonds in a single synthetic
operation, resulting in the formation of new six- and seven-membered heterocyclic rings. The easy availability of the starting
materials, the use of the relatively inexpensive indium catalyst, and the good substrate scope are the salient features of this strategy.
The proposed mechanistic pathway involves imine formation, two consecutive cyclizations via electrophilic aromatic substitution

and nucleophilic addition reactions, and the H shift step.

B INTRODUCTION

Quinoxalines, as an important class of heterocyclic molecules,
are attractive structural leads in medicinal chemistry due to
their capacity to provide biological responses against various
diseases. In fact, quinoxalines, called also benzopyrazines,
have been the focus of a large number of investigations for
years in the design and synthesis of novel biologically active
agents that exhibit remarkable biological activities.” Quinoxa-
line derivatives have been reported to possess a wide range of
medicinal activities, including antibacterial, antidiabetic, anti-
inflammatory, antimicrobial, antithrombotic, antitumor, and
antiviral, and various enzyme inhibitory and receptor
antagonist properties.” Among quinoxaline derivatives, pyrrolo-
[1,2-a]quinoxalines and their partly hydrogenated derivatives,
such as 4,5-dihydropyrrolo[1,2-a]quinoxalines, have received
considerable attention since they are often found in the
structures of many biologically active compounds and
functional molecules.” In recent years, pyrrolo[1,2-a]-
quinoxalines and derivatives have been extensively studied
since they exhibit a plethora of biological activities, such as
antifungal,s antileishmanial,6 antiparasitic and antimalarial,”
antimycobacterial,8 anti-HCV and anti-HIV,” antituberculo-
sis,'’ antiulcer,'" and antiproliferative and anticancer proper-
ties.'” These compounds have also been reported as inhibitors
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of enzymes FAAH and MAGL"’ and human protein kinases
CK2 and RADSL."” In addition, they act as 5-HT; receptor
agonists'* and central dopamine,'® cannabinoid type 1,'® and
glucagon receptor antagonists.'” Moreover, they show
fluorescent and nonlinear optical properties, which lead to
their applications in fluorescent probes and optical devices.'®
Some examples of the important pyrrolo[1,2-a]quinoxalines
are given in Scheme la.

Over the years, numerous methods have been developed for
the synthesis of pyrrolo[1,2-a]quinoxalines, and new variants
continue to appear. Pyrrolo[1,2-a]quinoxalines are generally
synthesized from pyrroles or quinoxalines or from the
compounds that are not initially derivatives of pyrroles or
quinoxalines.” In this regard, 1-(2-aminophenyl)pyrrole (2-
(1H-pyrrol-1-yl)aniline) (1) and derivatives have emerged as
valuable substrates since their cyclocondensation with carbonyl
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Scheme 1. Representative Examples of Pyrroloquinoxalines (a) and Benzoxazepines (b)
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Scheme 3. Synthesis of 1-(2-Aminophenyl)pyrroles/indoles and 2-Propargyloxybenzaldehydes
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Table 1. Optimization Studies for the Synthesis of 12bH-Benzo[6,7]1,4-oxazepino[4,5-a]pyrrolo/indolo[2,1-c]quinoxalines

10“

[\

CHO
N 2 mol% InCI3 N
NHy ¥ N P
O/\\\ Solvent, Temp., Time 7%
6a
1a 10a
entry solvent temp. (°C) time (h) yield (%)”
1 toluene 110 4 26
2 p-xylene 140 2 68
3 pxylene 140 8 70
4 p-xylene 140 12 70
S p-xylene 140 24 68

“Reactions were performed on a scale of 0.60 mmol of 1-(2-aminophenyl)pyrrole/indole 1, 0.50 mmol of 2-propargyloxybenzaldehyde 6, and 0.01
mmol of InCl; in 10 mL of solvent under indicated conditions. For workup and purification, see Experimental Section. bIsolated yield.

compounds such as aldehydes and ketones provided a diverse
array of pyrrolo[1,2-a]quinoxalines and/or their dihydro
derivatives."” Notably, the use of functionally substituted
aldehydes and ketones in these reactions may lead to the
formation of new heterocyclic systems.

1,4-Oxazepines represent a privileged class of seven-
membered nitrogen- and oxygen-containing heterocyclic
compounds™”*' as they appear in the structures of many
bioactive molecules and pharmaceutical compounds.” In fact,
1,4-oxazepines are frequently utilized to cure various diseases
such as allergic bronchitis and related asthma,” epilepsy and
trigeminal neuralgia,”* breast cancer,” and psychotic disor-
ders.” Among 1,4-oxazepine derivatives, benzo-fused deriva-
tives, commonly known as benzoxazepines, have gained more
importance in the design and synthesis of novel bioactive
heterocyclic molecules that display remarkable pharmacolog-
ical and biological properties.”” The major medicinal proper-
ties of benzoxazepines include analgesic,28 antiallergic,29
antibacterial,®® anticonvulsant,* amtidepressant,32 antihista-
minic,”® antiinflammatory,®* antipsychotic,®® anxiolytic,*®
antiulcer,”” and antitumor® activities. Some examples of the
benzoxazepine-containing drugs are given in Scheme Ib.
Amoxapine™ and Sintamil (nitroxazepine)*’ display antide-
pressant properties, while Loxapine*' shows antipsychotic and
antischizophrenic activities.

Recently, hybrid molecules, in which two or more
pharmacophores are combined together in one molecule,
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have garnered significant interest since they provide enhanced
or unusual activities as compared to their individual counter-
parts.*>*® Notably, heterocyclic hybrid molecules have
exhibited better specificity, patient compliance, and aptitude
to overcome drug resistance and reduced side effects.”* An
ever-continuing aspect of these studies is to find novel hybrid
molecules that will provide a new mode of action for the
treatment of a specific disease. In this regard, the combination
of pyrrole/indole, quinoxaline, and 1,4-oxazepine units in one
molecule may lead to the discovery of hybrid compounds with
increased activity profile as compared to the parent
compounds.

The Patil and Verma research groups have recently reported
that the reaction of 1-(2-aminophenyl)pyrrole (2-(1H-pyrrol-
1-yl)aniline) (1) with 2-alkynylbenzaldehydes 2 under gold or
silver catalysis has yielded isoquinolino-fused pyrrolo[2,1-
c]quinoxalines 4 via intermediacy of 4-(2-ethynylphenyl)-4,S-
dihydro-pyrrolo[1,2-a]quinoxaline 3, which has undergone
nucleophilic cyclization to furnish the final product (Scheme
2a).* In recent times, 2-propargyloxybenzaldehydes, such as 6,
have emerged as valuable synthons in organic synthesis since,
when reacted with proper compounds, they can give rise to the
formation of 1,4-oxazepine derivatives. Sridharan and co-
workers have demonstrated that Cu-catalyzed reaction
between o-phenylenediamine (5) and 2-propargyloxybenzalde-
hyde 6 under microwave irradiation has led to in situ formation
of 2-(2-propargyloxyphenyl)-1H-benzoimidazole 7, which has

https://doi.org/10.1021/acsomega.4c05239
ACS Omega 2024, 9, 33251-33260
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Table 2. Synthesis of 12bH-Benzo[6,7]1,4-oxazepino[4,5-a]pyrrolo/indolo[2,1-c]quinoxalines 10"
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“Reactions were performed on a scale of 0.60 mmol of 1-(2-aminophenyl)pyrrole/indole 1, 0.50 mmol of 2-propargyloxybenzaldehyde 6, and 0.01
mmol of InCl; in 10 mL of p-xylene at reflux. For workup and purification, see Experimental Section. PIsolated yields.

immediately experienced an intramolecular cyclization to
deliver benzoimidazo-fused 1,4-oxazepines 8 (Scheme 2b).*
Our continued interest in the synthesis of new heterocyclic
frameworks as potential pharmaceuticals and scaffolds has
prompted us to investigate the InCl;-catalyzed reaction of 1-
(2-aminophenyl)pyrroles/indoles 1 with functionally substi-
tuted benzaldehydes, such as 6. We have found that upon
treatment with 2-propargyloxybenzaldehydes 6 in refluxing p-
xylene under InCl; catalysis, 1-(2-aminophenyl)pyrroles/
indoles 1 have afforded 12bH-benzo[6,7]1,4-0xazepino[4,5-
a]pyrrolo/indolo[2,1-c]quinoxalines 10 in a one-pot reaction,
presumably via the intermediacy of 4-(2-(prop-2-yn-1-yloxy)-
phenyl)-4,5-dihydropyrrolo[1,2-a]quinoxaline 9 (Scheme
2¢).¥ To the best of our knowledge, the formation of such
heterocyclic molecules from these reactions is without a
precedent. In this paper, we report the preliminary results of
this study.
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B RESULTS AND DISCUSSION

Initially, we synthesized the starting materials according to
known literature procedures (Scheme 3). Cul-catalyzed
coupling of iodoaniline derivatives 11 with pyrrole/indole
(12) in the presence of DMEDA afforded the corresponding 1-
(2-aminophenyl)pyrroles/indoles 1.** On the other hand, the
Sx2 reaction of salicylaldehyde (2-hydroxybenzaldehyde)
derivatives 13 with propargyl bromide (14) in the presence
of K,CO, yielded 2-propargyloxybenzaldehydes 6.* For the
identity of R groups and the yields of products 1 and 6, see
Supporting Information.

Subsequently, we made a short optimization study on the
basis of our previous and ongoing studies (Table 1) We
performed the reactions in the presence of a 2 mol % InCl,
catalyst since InCl; is quite effective as a #-Lewis acid for the
activation of alkyne moieties toward nucleophilic addition,
which enables cyclization via carbon/nitrogen—carbon bond
formation.”" In addition, it is m01sture compatible and plays an
important role in orgamc synthesis,”” especially in the synthesis
of heterocycles.”” Briefly, they may present exciting oppor-

https://doi.org/10.1021/acsomega.4c05239
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Scheme 4. Mechanism Proposed for the Formation of 12bH-Benzo[6,7]1,4-oxazepino[4,5-a]pyrrolo/indolo[2,1-

c]quinoxalines 10
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tunities for the development of new approaches and strategies.
Initially, we carried out the reaction of 1-(2-aminophenyl)-
pyrrole (1a) with 2-propargyloxybenzaldehyde (6a) in toluene
by heating to reflux for 4 h, which yielded a new heterocyclic
compound, namely, 12bH-benzo[6,7]1,4-oxazepino[4,5-a]-
pyrrolo[2,1-c]quinoxaline (10a) but in a low yield (26%)
(Table 1, entry 1). However, the same reaction in p-xylene
formed product 10a in a higher yield (68%) even in a shorter
time (2 h) (Table 1, entry 2). Obviously, the higher reaction
temperature resulted in a higher yield of product 10a. When
the reaction was carried out for 8 and 12 h, the yield of the
product increased slightly (70%) (Table 1, entries 3 and 4).
On the other hand, the longer reaction time such as 24 h
reduced the yield of the product somewhat (68%) (Table 1,
entry S). So, the generality of the reaction was demonstrated
by refluxing p-xylene using 2 mol % InCl; as the catalyst, which
was monitored by routine TLC analysis.

Having established the optimal reaction conditions, we
turned our focus to investigate the scope and limitations of the
methodology by employing a variety of 1-(2-aminophenyl)-
pyrroles/indoles 1 and 2-propargyloxybenzaldehydes 6 to
access pyrrolo/indolo- and benzooxazepino-fused quinoxalines
10 (Table 2). All reactions proceeded smoothly and provided
the expected products. Importantly, during the course of the
reaction, three new C/N—C bonds were formed, which
enabled the formation of new six- and seven-membered
heterocyclic rings. Moreover, during the reaction, as it will be
depicted in the mechanism of the reaction (Scheme 4),
terminal alkyne carbon atom of 6 converted into a methyl
carbon in the final product 10. Therefore, the presence of the
methyl peaks at 1.82—2.01 ppm in '"H NMR spectra and 16.7—
174 ppm in *C NMR spectra is clearly indicative of the
formation of 12bH-benzo[6,7]1,4-oxazepino[4,5-a]pyrrolo/
indolo[2,1-c]quinoxaline derivatives 10. Overall, we synthe-
sized 10 derivatives of quinoxalines 10, the yields of which
changed from 2S5 to 83%. Notably, the yields (47—83%) of
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pyrrolo-fused quinoxalines 10a—f were mostly higher than
those (25—50%) of indolo-fused quinoxalines 10g—j. This
might be the result of that in electrophilic aromatic
substitution reactions; the 2-positions of pyrroles are clearly
more reactive than the 2-positions of indoles owing to
aromaticity concerns and resonance interactions.

A possible mechanism for the synthesis of pyrrolo/indolo-
and benzooxazepino-fused quinoxalines 10 is shown for the
reaction between 1-(2-aminophenyl)pyrrole la and 2-prop-
argyloxybenzaldehyde 6a in Scheme 4. After the formation of
imine 15a, InCl; activates the imine functionality through
intermediate 16a. This triggers the intramolecular cyclization
through the electrophilic aromatic substitution reaction of the
pyrrole moiety to afford intermediate 17a, which upon
aromatization yields pyrroloquinoxaline 9a. Then, the
coordination of the indium (III) to alkyne group generates
in situ intermediate 18a, in which the unsaturated alkyne
moiety is activated toward nucleophilic addition. Afterward,
nucleophilic addition of the amine group to the alkyne moiety
in 7-exo-dig manner constructs the seven-membered ring (i.e.,
1,4-oxazepine ring) of intermediate 19a, which after sub-
sequent deprotonation delivers heterocycle 20a. Finally, the
InCl;-catalyzed 1,3-H shift produces pyrrolo- and benzoox-
azepino-fused quinoxaline 10a.

B CONCLUSIONS

In summary, we have established an InCl;-catalyzed two-
component reaction between 1-(2-aminophenyl)pyrroles/
indoles 1 and 2-propargyloxybenzaldehydes 6 for the synthesis
of pyrrolo/indolo- and benzooxazepino-fused quinoxaline
derivatives 10 in moderate to good yields (up to 83%). This
operationally simple one-pot approach shows several advan-
tages including high step- and atom-economy, generation of
three new C/N—C bonds in a single synthetic process, good
substrate scope, and the use of a relatively inexpensive indium
catalyst. Mechanistically, the reaction proceeds via imine

https://doi.org/10.1021/acsomega.4c05239
ACS Omega 2024, 9, 33251-33260


https://pubs.acs.org/doi/10.1021/acsomega.4c05239?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c05239?fig=sch4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c05239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

formation, successive intramolecular cyclizations through
electrophilic aromatic substitution and nucleophilic addition
reactions, and the H shift sequence. Importantly, the practical
utility of the developed strategy and the skeletal diversity of the
synthesized heterocyclic frame may provide many new
nitrogen- and oxygen-based heterocyclic hybrid systems for
drug discovery and development, which may modulate the
activity of many targets that have been beyond the horizon of
traditional compounds. Further investigation of the mecha-
nism, scope, and limitations of this methodology is currently
underway and will be reported in due course.

B EXPERIMENTAL SECTION

General Information. 'H and C NMR spectra were
obtained at 400 and 100 MHz, respectively. Chemical shifts are
given in parts per million (ppm) relative to CDCl; (7.26 ppm
in 'H NMR and 77.16 ppm in *C NMR). Coupling constants
(J) were given in hertz (Hz), and spin multiplicities were
depicted by the following symbols: s (singlet), d (doublet), t
(triplet), q (quartet), and m (multiplet). Infrared (IR) spectra
were recorded by using attenuated total reflection. Peaks
diagnostic for major functional groups were listed in reciprocal
centimeters (cm™'). Mass spectra (MS) and high-resolution
MS (HRMS) were obtained using electrospray ionization
(ESI) with micro-Tof; m/z values are reported (for each
measurement, the mass scale was recalibrated with sodium
formate clusters, and samples were dissolved and measured in
MeOH or CH;CN). Flash chromatography was performed
with “flash-grade” silica gel (230—400 mesh) in thick-walled
glass columns. TLC was realized by commercially available
0.25 mm silica gel plates, and visualization was achieved with a
short-wavelength UV lamp (254 nm). The relative proportions
of solvents used in chromatography indicate the volume/
volume ratio. Unless otherwise stated, all commercially
available reagents were used directly without purification. All
solvents used in chromatography and reactions were distilled
or dried properly for purity. The inert atmosphere was created
using a slight positive pressure (ca. 0.1 psi) of argon. All
glassware was dried in an oven prior to use.

1-(2-Aminophenyl)pyrroles/indoles (pyrrole/indole-substi-
tuted anilines) 1 and o-propargyloxybenzaldehydes 6 were
synthesized according to literature studies (see Supporting
Information).*®*’

General Procedure. Synthesis of Pyrrolo/Indolo- and
Benzooxazepino-Fused Quinoxalines 10 (Table 2). The
corresponding o-propargyloxybenzaldehyde 6 (0.5 mmol)
was dissolved in p-xylene (10 mL), and the proper pyrrole/
indole-substituted aniline 1 (0.6 mmol) was added in one
portion under argon. After the reaction mixture was stirred for
half an hour, InCl; (0.01 mmol) was added. The resulting
reaction mixture was then refluxed at 140 °C for approximately
2 h. (The progress of the reaction was monitored by routine
TLC analysis.) After the reaction was over, p-xylene was
removed under reduced pressure. Purification of the obtained
crude product by flash column chromatography on silica gel
using 19:1 hexane/ethyl acetate as the eluent afforded the
corresponding quinoxaline derivative 10.

6-Methyl-12bH-benzo[6,7][1,4]oxazepino[4,5-a]pyrrolo-
[2,1-c]quinoxaline (10a). The general procedure was followed
using 2-(prop-2-ynyloxy)benzaldehyde (6a) (0.1 g, 0.6 mmol),
2-(1H-pyrrol-1-yl)aniline (1a) (48) (120 mg, 0.8 mmol), and
InCl; (2.2 mg, 0.01 mmol). Purification of the crude product
by flash column chromatography on silica gel afforded 128.5

mg (68% yield) of the indicated product. 'H NMR (400 MHz,
CDCl,): & 7.40 (dd, J = 8.0, 1.6 Hz, 1H), 7.33 (m, 1H), 7.08
(td, J = 7.8, 1.2 Hz, 1H), 6.92 (m, 3H), 6.70 (t, ] = 7.2 Hz,
1H), 6.66 (dd, J = 8.0, 1.2 Hz, 1H), 6.46 (t, ] = 3.2 Hz, 1H),
6.43 (s, 1H), 6.30 (m, 2H), 6.19 (dd, ] = 3.6, 1.6 Hz, 1H), 1.84
(d, ] = 1.2 Hz, 3H); *C NMR (100 MHz, CDCl,;): § 155.6,
134.7, 133.1, 132.9, 129.2, 127.7, 127.0, 126.0, 124.9, 122.7,
121.0, 120.2, 119.8, 117.7, 115.1, 114.7, 110.4, 10S.9, §7.7,
17.0 (CH;); IR (neat): 3855, 3651, 2240, 2144, 2069, 2031,
1965, 1751, 1509, 1213, 1123, 761, 693, 562, 493, 459, 426,
406 cm™; MS (ESI, m/z): 299.12 [M — H]*; HRMS (ESI):
caled for C,oHsN,O, 299.1184 [M — H]"; found, 299.1162.
3-Chloro-6-methyl-12bH-benzo[6,7][1,4]oxazepino[4,5-
alpyrrolo[2,1-clquinoxaline (10b). The general procedure was
followed using 2-(prop-2-ynyloxy)benzaldehyde (6a) (0.1 g,
0.6 mmol), S-chloro-2-(1H-pyrrol-1-yl)aniline (1b) (100.1 mg,
0.5 mmol), and InCl; (2.2 mg, 0.01 mmol). Purification of the
crude product by flash column chromatography on silica gel
afforded 174.6 mg (83%) of the indicated product. '"H NMR
(400 MHz, CDCL,): & 7.44 (m, 2H), 7.28 (td, ] = 7.6, 1.6 Hz,
1H), 7.11 (dd, J = 8.4, 1.2 Hz, 1H), 7.00 (dd, ] = 8.8, 2.4 Hz,
1H), 691 (J = 7.6, 1.2 Hz, 1H), 6.80 (d, J = 2.0 Hz, 1H), 6.63
(t, ] = 3.2 Hz, 1H), 6.57 (s, 1H), 6.49 (d, J = 1.2 Hz, 1H), 6.45
(dd, J = 7.6, 1.2 Hz, 1H), 6.36 (dd, J = 3.6, 1.2 Hz, 1H), 2.01
(d, J = 1.2 Hz, 3H). ®C NMR (100 MHz, CDCL,): § 155.3,
135.3, 134.1, 132.7, 130.1, 129.4, 126.9, 126.3, 125.6, 122.9,
1203, 120.0, 119.9, 117.4, 116.0, 114.8, 110.8, 106.3, 57.9,
167 (CH,); IR (neat): 3855, 1664, 1604, 1509, 1480, 1449,
1386, 1341, 1267, 1212, 1116, 990, 874, 810, 794, 765, 723,
695, 632, 550, 453 cm™; MS (ESL m/z): 333.08 [M — H];
HRMS (ESI): caled for CyoH,,CIN,0O, 333.0795 [M — HJ;
found, 333.0781.
11-Bromo-6-methyl-12bH-benzo[6,7][1,4]oxazepino[4,5-
alpyrrolo[2,1-clquinoxaline (10c). The general procedure was
followed using S-bromo-2-(prop-2-ynyloxy)benzaldehyde (6b)
(0.1 g, 0.4 mmol), 2-(1H-pyrrol-1-yl)aniline (1a) (79.7 mg, 0.5
mmol), and InCly; (2.2 mg, 0.01 mmol). Purification of the
crude product by flash column chromatography on silica gel
afforded 81.2 mg (51% vyield) of the indicated product. 'H
NMR (400 MHz, CDCl,): 5 7.41 (dd, J = 8.0, 1.2 Hz, 1H),
7.33 (m, 1H), 7.18 (dd, ] = 8.4, 2.4 Hz, 1H), 6.99 (td, ] = 7.6,
1.2 Hz, 1H), 6.91 (td, ] = 8.0, 1.2 Hz, 1H), 6.79 (d, ] = 8.4 Hg,
1H), 6.67 (dd, J = 8.0, 1.2 Hz, 1H), 6.45 (s, 1H), 6.39 (m,
2H), 6.28 (d, ] = 1.2 Hz, 1H), 6.19 (dd, J = 7.6, 2.8 Hz, 1H),
1.83 (d, J = 1.2 Hz, 3H). 3C NMR (100 MHz, CDCl,): §
154.7, 135.3, 134.5, 132.5, 132.1, 129.7, 127.5, 125.0, 124.8,
1217, 121.4, 120.6, 117.6, 115.4, 115.3, 115.1, 110.6, 106.3,
57.5, 16.8 (CH,); IR (neat): 1668, 1608, 1509, 1471, 1399,
1336, 1292, 1258, 1216, 1189, 1163, 1124, 1095, 871, 831,
784, 770, 741, 700, 605, 543, 516, 496, 462 cm™; MS (ESI, m/
z): 377.03 [M — H]*; HRMS (ESI): caled for C,,H;BrN,O,
377.0290 [M — H]*; found, 377.0278.
10-Methoxy-6-methyl-12bH-benzo[6,7][1,4]oxazepino-
[4,5-a]pyrrolo[2,1-c]quinoxaline (10d). The general proce-
dure was followed using 4-methoxy-2-(prop-2-ynyloxy)-
benzaldehyde (6c) (0.1 g, 0.5 mmol), 2-(1H-pyrrol-1-yl)-
aniline (1a) (99.8 mg, 0.6 mmol), and InCl; (2.2 mg, 0.01
mmol). Purification of the crude product by flash column
chromatography on silica gel afforded 82.2 mg (47%) of the
indicated product. '"H NMR (400 MHz, CDCl,): 6 7.37 (dd, J
= 8.0, 1.2 Hz, 1H), 7.29 (m, 1H), 697 (td, ] = 7.6, 1.6 Hz,
1H), 6.86 (td, ] = 7.6, 1.2 Hz, 1H), 6.64 (dd, ] = 8.0, 1.2 Hz,
1H), 6.48 (d, ] = 2.4 Hz, 1H), 6.43 (t, ] = 3.2 Hz, 1H), 6.33 (s,
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1H), 6.28 (d, ] = 1.2 Hz, 1H), 6.21 (m, 2H), 6.15 (dd, J = 7.6,
1.6 Hz, 1H), 3.67 (s, 3H), 1.83 (d, ] = 0.8 Hz, 3H). *C NMR
(100 MHz, CDCly): § 160.1, 156.1, 134.4, 132.9, 127.48,
127.46, 126.1, 125.3, 124.7, 120.9, 120.0, 117.4, 114.9, 1144,
110.2, 107.7, 105.7, 105.6, 57.3, 55.3, 16.8 (CH,); IR (neat):
1669, 1611, 1503, 1423, 1377, 1338, 1282, 1241, 1187, 1164,
1131, 1085, 1036, 980, 852, 801, 771, 749, 708, 637, 567, 487,
546 cm™'; MS (ESI, m/z): 329.13 [M — H]*; HRMS (ESI):
caled for CyyH,»N,O,, 329.1290 [M — H]*; found, 329.1273.
9-Methoxy-6-methyl-12bH-benzol[6,7][1,4]Joxazepino[4,5-
alpyrrolo[2,1-clquinoxaline (10e). The general procedure was
followed using 3-methoxy-2-(prop-2-ynyloxy)benzaldehyde
(6d) (0.1 g, 0.5 mmol), 2-(1H-pyrrol-1-yl)aniline (1a) (99.8
mg, 0.6 mmol), and InCl; (2.2 mg, 0.01 mmol). Purification of
the crude product by flash column chromatography on silica
gel afforded 106.7 mg (61%) of the indicated product. 'H
NMR (400 MHz, CDCL,): 6 7.38 (dd, J = 7.6, 1.2 Hz, 1H),
7.31 (m, 1H), 6.96 (td, ] = 7.6, 1.2 Hz, 1H), 6.88 (td, ] = 7.6,
1.2 Hz, 1H), 6.72 (dd, ] = 8.4, 1.6 Hz, 1H), 6.64 (m, 2H), 6.48
(s, 1H), 6.44 (t, ] = 3.2 Hz, 1H), 6.43 (d, J = 1.2 Hz, 1H), 6.18
(dd, J = 7.6, 1.2 Hz, 1H), 5.89 (dd, ] = 7.6, 1.6 Hz, 1H), 3.83
(s, 3H), 1.83 (d, ] = 0.8 Hz, 3H). “C NMR (100 MHz,
CDCL): 5 149.8, 144.2, 134.8, 134.5, 132.8, 127.8, 1262,
124.8, 122.7, 1214, 1203, 1187, 117.8, 115.0, 114.6, 112.2,
110.4, 105.9, 57.5, 56.3, 16.9 (CH,); IR (neat): 2836, 1671,
1583, 1507, 1474, 1381, 1337, 125§, 1205, 1179, 1123, 1070,
987, 928, 811, 777, 753, 670, 607 cm™; MS (ESI, m/z):
329.13 [M — HJ]%; HRMS (ESI): caled for C,,H;,N,O,,
329.1290 [M — HJ*; found, 329.1267.
9,11-Di-tert-butyl-6-methyl-12bH-benzo[6,7][1,4]-
oxazepino[4,5-ajpyrrolo[2,1-ciquinoxaline (10f). The general
procedure was followed using 3,5-di-tert-butyl-2-hydroxyben-
zaldehyde (6e) (0.1 g, 0.4 mmol), 2-(1H-pyrrol-1-yl)aniline
(1a) (69.5 mg, 0.4 mmol), and InCl; (2.2 mg, 0.01 mmol).
Purification of the crude product by flash column chromatog-
raphy on silica gel afforded 108.8 mg (71%) of the indicated
product. "H NMR (400 MHz, CDCL,): § 7.37 (dd, ] = 8.0, 1.6
Hz, 1H), 7.32 (dd, J = 2.8, 1.6 Hz, 1H), 7.10 (d, ] = 2.4 Hz,
1H), 6.93 (td, ] = 8.0, 1.6 Hz, 1H), 6.86 (td, ] = 7.6, 1.2 Hz,
1H), 6.57 (dd, ] = 8.0, 1.6 Hz, 1H), 6.47 (s, 1H), 6.44 (t, ] =
3.2 Hz, 1H), 6.35 (d, ] = 1.2 Hz, 1H), 6.18 (dd, ] = 3.2, 1.2 Hz,
1H), 6.05 (d, J = 2.4 Hz, 1H), 1.84 (d, J = 0.8 Hz, 3H), 1.39
(s, 9H), 1.01 (s, 9H). 3C NMR (100 MHz, CDCL,): § 152.0,
144.6, 139.8, 134.1, 133.9, 133.1, 128.1, 127.1, 124.7, 123.2,
122.0, 121.8, 120.3, 118.0, 114.9, 114.3, 110.5, 105.6, 57.4,
349, 34.4, 313, 304, 17.0 (CH,); IR (neat): 2960, 1508,
1475, 1334, 1253, 1215, 1138, 1088, 794, 773, 747, 697 cm™};
MS (ESI, m/z): 411.24 [M — H]*; HRMS (ESI): calcd for
C,eH; N, 0, 411.2436 [M — HJ*; found, 411.2427.
7-Methyl-18bH-benzo[6,7][1,4]oxazepino[4,5-a]indolo-
[2,1-ciquinoxaline (10g). The general procedure was followed
using 2-(prop-2-ynyloxy)benzaldehyde (6a) (0.1 g, 0.6 mmol),
2-(1H-indol-1-yl)aniline (1c) (108.3 mg, 0.5 mmol), and InCl,
(2.2 mg, 0.01 mmol). Purification of the crude product by flash
column chromatography on silica gel afforded 110.3 mg (50%)
of the indicated product. 'H NMR (400 MHz, CDCL,): § 8.14
(d, J = 8.0 Hz, 1H), 7.99 (m, 1H), 7.79 (d, ] = 7.6 Hz, 1H),
7.41 (m, 1H), 7.33 (m, 1H), 7.12 (td, ] = 8.0, 1.6 Hz, 1H),
7.05 (m, 2H), 7.00 (dd, ] = 8.4, 1.2 Hz, 1H), 6.78 (m, 1H),
6.69 (td, J = 7.2, 1.2 Hz, 1H), 6.63 (s, 1H), 6.61 (s, 1H), 6.47
(dd, ] = 7.6,1.6 Hz, 1H), 6.41 (d, ] = 1.2 Hz, 1H), 1.88 (d, ] =
1.2 Hz, 3H). *C NMR (100 MHz, CDCL,): § 155.8, 134.7,
134.4, 134.3, 133.9, 131.9, 129.7, 129.3, 129.0, 127.1, 124.6,

122.8, 121.5, 121.4, 121.0, 120.9, 119.9, 1182, 117.1, 112.0,
100.2, 58.4, 22.9, 17.3 (CH,); IR (neat): 2922, 1590, 1500,
1452, 1384, 1214, 1122, 744 cm™; MS (ESI, m/z): 349.13 [M
— HJ]*; HRMS (ESI): caled for C,,H gN,O, 349.1341 [M —
H]*; found, 349.1329.
2-Bromo-7-methyl-18bH-benzol6,7][1,4]oxazepino[4,5-
alindolo(2,1-ciquinoxaline (10h). The general procedure was
followed using S-bromo-2-(prop-2-ynyloxy)benzaldehyde (6b)
(0.1 g, 0.4 mmol), 2-(1H-indol-1-yl)aniline (1c) (104.9 mg,
0.5 mmol), and InCl; (2.2 mg, 0.01 mmol). Purification of the
crude product by flash column chromatography on silica gel
afforded 66.7 mg (37%) of the indicated product. "H NMR
(400 MHz, CDCL,): & 8.10 (d, J = 8.0 Hz, 1H), 7.97 (m, 1H),
7.75 (d, J = 7.6 Hz, 1H), 7.39 (td, ] = 7.0, 1.2 Hz, 1H), 7.29 (s,
1H), 7.18 (dd, ] = 8.8, 2.4 Hz, 1H), 7.05 (m, 2H), 6.81 (d, ] =
8.8 Hz, 1H), 6.75 (m, 1H), 6.57 (s, 1H), 6.52 (m, 2H), 6.33
(d, ] = 1.2 Hz, 1H), 1.83 (d, ] = 1.2 Hz, 3H). 3*C NMR (100
MHz, CDCly): § 155.0, 134.5, 134.03, 134.0, 133.9, 133.3,
132.3, 129.7, 129.6, 128.8, 124.7, 123.0, 121.9, 121.6, 121.5,
121.44, 1214, 118.2, 1174, 115.5, 112.1, 100.7, 58.1, 17.1
(CH,); IR (neat): 1669, 1589, 1500, 1452, 1391, 1257, 1216,
1165, 1121, 1094, 825, 786, 743, 730, 665, 610, 521, 431 cm™;
MS (ESI, m/z): 427.04 [M — H]*; HRMS (ESI): calcd for
C,,H,,BrN,0, 427.0446 [M — H]"; found, 427.0423.
3-Methoxy-7-methyl-18bH-benzo[6,7][1,4]oxazepino[4,5-
alindolo[2,1-c]quinoxaline (10i). The general procedure was
followed using 4-methoxy-2-(prop-2-ynyloxy)benzaldehyde
(6¢) (0.1 g 0.5 mmol), 2-(1H-indol-1-yl)aniline (1c) (132.3
mg, 0.6 mmol), and InCl; (2.2 mg, 0.01 mmol). Purification of
the crude product by flash column chromatography on silica
gel afforded 50.4 mg (25%) of the indicated product. '"H NMR
(400 MHz, CDCL,): & 8.07 (d, ] = 8.0 Hz, 1H), 7.92 (m, 1H),
7.71 (d, J = 8.0 Hz, 1H), 7.34 (m, 1H), 7.25 (m, 1H), 7.01 (m,
2H), 6.73 (m, 1H), 6.53 (s, 1H), 6.50 (d, J = 2.4 Hz, 1H), 6.47
(s, 1H), 6.33 (m, 1H), 629 (d, ] = 8.8 Hz, 1H), 6.17 (dd, J =
8.4, 2.4 Hz, 1H), 3.66 (s, 3H), 1.83 (d, ] = 1.2 Hz, 3H). *C
NMR (100 MHz, CDCL): & 156.6, 134.62, 134.6, 134.5,
133.9, 129.7, 127.8, 124.6, 1242, 122.7, 121.5, 121.3, 121.2,
120.8, 118.2, 117.1, 112.0, 108.0, 105.9, 100.1, 58.1, 55.5, 17.4
(CH;); IR (neat): 3333, 2929, 1731, 1611, 1500, 1454, 1358,
1240, 1195, 1160, 1120, 1040, 734 cm™'; MS (ESL, m/z):
329.13 [M — H]* HRMS (ESI): caled for C,;H;,N,0,,
329.1290 [M — HJ*; found, 329.1267.
2,4-Dij-tert-butyl-7-methyl-18bH-benzo[6,7][1,4]-
oxazepino[4,5-ajindolo[2,1-c]quinoxaline (10j). The general
procedure was followed using 3,5-di-tert-butyl-2-(prop-2-
ynyloxy)benzaldehyde (6e) (0.1 g, 0.4 mmol), 2-(1H-indol-
1-yl)aniline (1c) (91.8 mg, 0.4 mmol), and InCl; (2.2 mg, 0.01
mmol). Purification of the crude product by flash column
chromatography on silica gel afforded 68.4 mg (40%) of the
indicated product. '"H NMR (400 MHz, CDCl,): 6 8.08 (d, ] =
8.0 Hz, 1H), 7.91 (dd, ] = 7.6, 2.0 Hz, 1H), 7.73 (d, ] = 7.6 Hz,
1H), 7.35 (td, J = 8.4, 1.2 Hz, 1H), 7.27 (t, ] = 6.0 Hz, 1H),
7.1 (d, ] = 2.4 Hz, 1H), 6.98 (m, 2H), 6.61 (m, 2H), 6.57 (d, ]
=24 Hz, 1H), 6.40 (d, ] = 1.2 Hz, 1H), 6.20 (d, ] = 2.4 Hz,
1H), 1.82 (d, J = 1.2 Hz, 3H), 1.4 (s, 9H), 0.94 (s, 9H); *C
NMR (100 MHz, CDCL,): 6 152.3, 145.0, 140.0, 132.9, 135.6,
134.6, 134.0, 130.0, 124.6, 123.2, 122.6, 122.4, 121.9, 121.6,
121.2, 121.0, 118.6, 117.0, 111.9, 100.1, 58.1, 34.9, 34.5, 31.3,
30.5, 17.3 (CH,); IR (neat): 2954, 1591, 1501, 1452, 1380,
1380, 1360, 1285, 1243, 1214, 1132, 881, 795, 772, 74S, 726,
680, 435 cm™'; MS (ESI, m/z): 46126 [M — H]*; HRMS
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(ESI): caled for Cy,HyN,0, 4612593 [M — HJY; found,
461.2569.

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.4c05239.

Experimental procedures, spectroscopic data, and/or
copies of 'H and *C NMR spectra for starting materials
and products (PDF)

B AUTHOR INFORMATION

Corresponding Author
Metin Zora — Department of Chemistry, Faculty of Arts and
Science, Middle East Technical University, 06800 Ankara,
Turkey; ® orcid.org/0000-0001-7764-2288; Email: zora@
metu.edu.tr

Author
Nuray Esra Aksakal — Department of Chemistry, Faculty of
Arts and Science, Middle East Technical University, 06800
Ankara, Turkey; Department of Nutrition and Dietetics,
Faculty of Health Sciences, Halic University, 34060 Istanbul,
Turkey; © orcid.org/0000-0002-2425-3198

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.4c05239

Notes

The authors declare no competing financial interest.

This study has been partially abstracted from the M. S. Thesis
of Nuray Esra Yazici (Aksakal) [Yazici, N. E., M. S. Thesis;
Middle East Technical University (Ankara, Turkey), 2013].

B ACKNOWLEDGMENTS

We thank the Scientific and Technological Research Council of
Turkey [TUBITAK, grant no. 110T113] and the Research
Fund of Middle East Technical University [METU, grant no.
BAP-2011-07-02-00-01] for financial support of this study. We
also thank Prof. Dr. Arif Kivrak of Eskisehir Osmangazi
University (formerly at the Middle East Technical University)
for technical support.

B REFERENCES

(1) (a) Mamedov, V. A. Quinoxalines: Synthesis, Reactions,
Mechanisms and Structure; Springer, 2016. (b) Huigens, R. W, IIJ;
Tenneti, S.; Xiao, T.; Garrison, A. T. Pyrazines and Their Benzo
Derivatives. In Comprehensive Heterocyclic Chemistry IV; Black, D.
StC.; Cossy, J.; Stevens, C. V.; Weinreb, S. M., Eds.; Elsevier Science,
2022; Vol. 8, Chapter 8.03, pp 229—282.

(2) (a) Yashwantrao, G.; Saha, S. Recent advances in the synthesis
and reactivity of quinoxaline. Org. Chem. Front. 2021, 8, 2820—2862.
(b) Avula, B.; Reddivari, C. K. R,; Muchumarri, R. M. R;
Eraganaboyina, S.; Zyryanov, G. V.; Nemallapudi, B. R. Recent
Advances in the Synthesis of Quinoxalines. A Mini Review. Polycycl.
Aromat. Comp. 2024, 44, 634—670.

(3) (a) DPereira, J. A; Pessoa, A. M,; Cordeiro, M. N. D. S,
Fernandes, R.; Prudencio, C.; Noronha, J. P.; Vieira, M. Quinoxaline,
its derivatives and applications: A State of the Art review. Eur. J. Med.
Chem. 20185, 97, 664—672. (b) Bala Aakash, V.; Ramalakshmi, N;
Bhuvaneswari, S.; Sankari, E.; Arunkumar, S. Comprehensive Review
on Versatile Pharmacologyof Quinoxaline Derivative. Russ. J. Bioorg.
Chem. 2022, 48, 657—677. (c) Chawla, G.; Gupta, O.; Pradhan, T. A
Review on Multipurpose Potential of Bioactive Heterocycle Quinoxa-
line. ChemistrySelect 2023, 8, No. €202301401.

(4) (a) Mamedov, V. A;; Kalinin, A. A. Pyrrolo[1,2-a]quinoxalines
based on quinoxalines (Review). Chem. Heterocycl. Compd. 2010, 46,
641—664. (b) Kalinin, A. A.; Mamedov, V. A. Pyrrolo[1,2-
a]quinoxalines based on pyrroles (Review). Chem. Heterocycl.
Compd. 2011, 46, 1423—1442. (c) Kalinin, A. A; Islamova, L. N,;
Fazleeva, G. M. New achievements in the synthesis of pyrrolo[1,2-
a]quinoxalines. Chem. Heterocycl. Compd. 2019, S5, 584—597.
(d) Magkoev, T. T.; Abaev, V. T.; Arutyunyants, A. A.; Chalikidi,
P. N. Recent advances in the synthesis of pyrrolo[1,2-a]quinolines.
Chem. Heterocycl. Compd. 2023, 59, 723-729.

(5) Xu, H.; Fan, L. L. Synthesis and antifungal activities of novel 5,6-
dihydro-indolo[1,2-a]quinoxaline derivatives. Eur. J. Med. Chem.
2011, 46, 1919—1925.

(6) Guillon, J.; Forfar, I; Mamani-Matsuda, M.; Desplat, V.; Saliege,
M.; Thiolat, D.; Massip, S.; Tabourier, A.; Leger, J. M.; Dufaure, B,;
Haumont, G.; Jarry, C.; Mossalayi, D. Synthesis, analytical behaviour
and biological evaluation of new 4-substituted pyrrolo[1,2-a]-
quinoxalines as antileishmanial agents. Bioorg. Med. Chem. 2007, 15,
194—-210.

(7) (2) Guillon, J.; Mouray, E.; Moreau, S.; Mullie, C.; Forfar, I;
Desplat, V.; Belisle-Fabre, S.; Pinaud, N.; Ravanello, F.; Le-Naour, A,;
Leger, J. M.; Gosmann, G.; Jarry, C.; Deleris, G.; Sonnet, P.; Grellier,
P. New ferrocenic pyrrolo[1,2-a]quinoxaline derivatives: Synthesis,
and in vitro antimalarial activity — Part IL. Eur. J. Med. Chem. 2011,
46, 2310—2326. (b) Guillon, J.; Cohen, A.; Gueddouda, N. M.; Das,
R. N, Moreay, S.; Ronga, L.; Savrimoutou, S.; Basmaciyan, L.;
Monnier, A.; Monget, M.; Rubio, S.; Garnerin, T.; Azas, N.; Mergny,
J. L.; Mullie, C.; Sonnet, P. Design, synthesis and antimalarial activity
of novel bis{N-[(pyrrolo[1,2-a]quinoxalin-4-yl)benzyl]-3-
aminopropyl}amine derivatives. J. Enzyme Inhib. Med. Chem. 2017,
32, 547—563.

(8) Guillon, J.; Reynolds, R. C.; Leger, J. M.; Guie, M. A.; Massip, S.;
Dallemagne, P.; Jarry, C. Synthesis and Preliminaryln Vitro
Evaluation of Antimycobacterial Activity of New Pyrrolo[1,2-
a]quinoxaline-carboxylic Acid Hydrazide Derivatives. J. Enzyme
Inhib. Med. Chem. 2004, 19, 489—493.

(9) Maga, G.; Gemma, S.; Fattorusso, C.; Locatelli, G. A.; Butini, S.;
Persico, M.; Kukreja, G.; Romano, M. P.; Chiasserini, L.; Savini, L.;
Novellino, E.; Nacci, V.; Spadari, S.; Campiani, G. Specific Targeting
of Hepatitis C Virus NS3 RNA Helicase. Discovery of the Potent and
Selective Competitive Nucleotide-Mimicking Inhibitor QU663.
Biochemistry 200S, 44, 9637—9644.

(10) Wang, T.; Tang, Y.; Yang, Y.; An, Q.; Sang, Z.; Yang, T.; Liu,
P.; Zhang, T.; Deng, Y.; Luo, Y. Discovery of novel anti-tuberculosis
agents with pyrrolo[1,2-a]quinoxaline-based scaffold. Bioorg. Med.
Chem. Lett. 2018, 28, 2084—2090.

(11) Vidaillac, C.; Guillon, J.; Arpin, C.; Forfar-Bares, I; Ba, B. B;
Grellet, J,; Moreau, S.; Caignard, D. H,; Jarry, C; Quentin, C.
Synthesis of Omeprazole Analogues and Evaluation of These as
Potential Inhibitors of the Multidrug Efflux Pump NorA of
Staphylococcus aureus. Antimicrob. Agents Chemother. 2007, 51, 831—
838.

(12) (a) Guillon, J; Le Borgne, M;; Rimbault, C.; Moreau, S.;
Savrimoutou, S.; Pinaud, N.; Baratin, S.; Marchivie, M.; Roche, S.;
Bollacke, A.; Pecci, A.; Alvarez, L.; Desplat, V.; Jose, J. Synthesis and
biological evaluation of novel substituted pyrrolo[1,2-a]quinoxaline
derivatives as inhibitors of the human protein kinase CK2. Eur. J. Med.
Chem. 2013, 65, 205—222. (b) Budke, B.; Tueckmantel, W.; Miles,
K.; Kozikowski, A. P.; Connell, P. P. Optimization of Drug
Candidates That Inhibit the D-Loop Activity of RADS1. Chem-
MedChem 2019, 14, 1031—1040.

(13) Brindisi, M.; Brogi, S.; Maramai, S.; Grillo, A,; Borrelli, G;
Butini, S.; Novellino, E.; Allara, M.; Ligresti, A.; Campiani, G.; Di
Marzo, V.; Gemma, S. Harnessing the pyrroloquinoxaline scaffold for
FAAH and MAGL interaction: definition of the structural
determinants for enzyme inhibition. RSC Adv. 2016, 6, 64651—64664.

(14) Morelli, E.; Gemma, S.; Budriesi, R.; Campiani, G.; Novellino,
E.; Fattorusso, C.; Catalanotti, B.; Coccone, S. S.; Ros, S.; Borrelli, G,;
Kumar, V.; Persico, M.; Fiorini, I; Nacci, V.; Ioan, P.; Chiarini, A,;

https://doi.org/10.1021/acsomega.4c05239
ACS Omega 2024, 9, 33251-33260


https://pubs.acs.org/doi/10.1021/acsomega.4c05239?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c05239/suppl_file/ao4c05239_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Metin+Zora"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7764-2288
mailto:zora@metu.edu.tr
mailto:zora@metu.edu.tr
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nuray+Esra+Aksakal"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-2425-3198
https://pubs.acs.org/doi/10.1021/acsomega.4c05239?ref=pdf
https://doi.org/10.1039/D0QO01575J
https://doi.org/10.1039/D0QO01575J
https://doi.org/10.1080/10406638.2023.2167215
https://doi.org/10.1080/10406638.2023.2167215
https://doi.org/10.1016/j.ejmech.2014.06.058
https://doi.org/10.1016/j.ejmech.2014.06.058
https://doi.org/10.1134/s1068162022040069
https://doi.org/10.1134/s1068162022040069
https://doi.org/10.1002/slct.202301401
https://doi.org/10.1002/slct.202301401
https://doi.org/10.1002/slct.202301401
https://doi.org/10.1007/s10593-010-0565-3
https://doi.org/10.1007/s10593-010-0565-3
https://doi.org/10.1007/s10593-011-0688-1
https://doi.org/10.1007/s10593-011-0688-1
https://doi.org/10.1007/s10593-019-02501-w
https://doi.org/10.1007/s10593-019-02501-w
https://doi.org/10.1007/s10593-024-03261-y
https://doi.org/10.1016/j.ejmech.2011.02.035
https://doi.org/10.1016/j.ejmech.2011.02.035
https://doi.org/10.1016/j.bmc.2006.09.068
https://doi.org/10.1016/j.bmc.2006.09.068
https://doi.org/10.1016/j.bmc.2006.09.068
https://doi.org/10.1016/j.ejmech.2011.03.014
https://doi.org/10.1016/j.ejmech.2011.03.014
https://doi.org/10.1080/14756366.2016.1268608
https://doi.org/10.1080/14756366.2016.1268608
https://doi.org/10.1080/14756366.2016.1268608
https://doi.org/10.1080/14756360412331280464
https://doi.org/10.1080/14756360412331280464
https://doi.org/10.1080/14756360412331280464
https://doi.org/10.1021/bi047437u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bi047437u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bi047437u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2018.04.043
https://doi.org/10.1016/j.bmcl.2018.04.043
https://doi.org/10.1128/AAC.01306-05
https://doi.org/10.1128/AAC.01306-05
https://doi.org/10.1128/AAC.01306-05
https://doi.org/10.1016/j.ejmech.2013.04.051
https://doi.org/10.1016/j.ejmech.2013.04.051
https://doi.org/10.1016/j.ejmech.2013.04.051
https://doi.org/10.1002/cmdc.201900075
https://doi.org/10.1002/cmdc.201900075
https://doi.org/10.1039/C6RA12524G
https://doi.org/10.1039/C6RA12524G
https://doi.org/10.1039/C6RA12524G
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c05239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

Hamon, M.; Cagnotto, A.; Mennini, T.; Fracasso, C.; Colovic, M.;
Caccia, S.; Butini, S. Specific Targeting of Peripheral Serotonin 5-HT;
Receptors. Synthesis, Biological Investigation, and Structure—Activity
Relationships. J. Med. Chem. 2009, 52, 3548—3562.

(15) Guillon, J.; Boulouard, M.; Lisowski, V.; Stiebing, S.; Lelong,
V.; Dallemagne, P.; Rault, S. Synthesis of New 2-(Aminomethyl)-4-
phenylpyrrolo[1,2-a]-quinoxalines and their Preliminary In-vivo
Central Dopamine Antagonist Activity Evaluation in Mice. J. Pharm.
Pharmacol. 2010, 52, 1369—1375.

(16) Szabo, G; Kiss, R.; Payer-Lengyel, D.; Vukics, K; Szikra, J.;
Baki, A.; Molnar, L.; Fischer, J.; Keseru, G. M. Hit-to-lead
optimization of pyrrolo[1,2-a]quinoxalines as novel cannabinoid
type 1 receptor antagonists. Bioorg. Med. Chem. Lett. 2009, 19,
3471-3478S.

(17) Guillon, J.; Dallemagne, P.; Pfeiffer, B.; Renard, P.; Manechez,
D.; Kervran, A.; Rault, S. Synthesis of new pyrrolo[1,2-a]quinoxalines:
potential non-peptide glucagon receptor antagonists. Eur. J. Med.
Chem. 1998, 33, 293—308.

(18) (a) Gemma, S.; Colombo, L.; Forloni, G.; Savini, L.; Fracasso,
C.; Caccia, S.; Salmona, M,; Brindisi, M.; Joshi, B. P.; Tripaldi, P.;
Giorgi, G.; Taglialatela-Scafati, O.; Novellino, E.; Fiorini, L;
Campiani, G.; Butini, S. Pyrroloquinoxalinehydrazones as fluorescent
probes for amyloid fibrils. Org. Biomol. Chem. 2011, 9, 5137—5148.
(b) Biswasa, C.; Krishnakanthb, K. N.; Ladec, J. J.; Chaskarc, A. C,;
Tripathid, A.; Chettid, P.; Somab, V. R.; Raavia, S. S. K. Linear and
femtosecond nonlinear optical properties of soluble pyrrolo[1,2-a]
quinoxalines. Chem. Phys. Lett. 2019, 730, 638—642.

(19) For selected recent sudies, see: (a) Zhang, Z.; Xie, C.; Tan, X;
Song, G.; Wen, L.; Gaoa, H.; Ma, C. I,-catalyzed one-pot synthesis of
pyrrolo[1,2-a]-quinoxaline and imidazo[1,5-a]quinoxaline derivatives
via sp® and sp* C—H cross-dehydrogenative coupling. Org. Chem.
Front. 2015, 2, 942—946. (b) Huo, H. R;; Tang, X. Y,; Gong, Y. F.
Metal-Free Synthesis of Pyrrolo[1,2-a]quinoxalines Mediated by
TEMPO Oxoammonium Salts. Synthesis 2018, 50, 2727—-2740.
(c) Krishna, T.; Reddy, T. N.; Laxminarayana, E.; Kalita, D.
Copper-Catalyzed One-Pot Synthesis of Pyrrolo[1,2-a]quinoxaline
Derivatives from 1-(2-Aminophenyl)-pyrroles and Aldehydes. Chem-
istrySelect 2019, 4, 250—253. (d) Ni, J; Jiang, Y,; Qi, Z,; Yan, R.
TFAA-Catalyzed Annulation Synthesis of Spiro Pyrrolo[1,2-a]-
quinoxaline Derivatives from 1-(2-Aminophenyl)pyrroles and Benzo-
quinones/Ketones. Chem.—Asian J. 2019, 14, 2898—2902. (e) Lee,
D. H; Kim, G. Y; Kim, J. Efficient synthesis of pyrrolo[1,2-
a]quinoxalines mediated by ethyl 2-(4-nitrophenyl)azocarboxylate.
New J. Chem. 2023, 47, 2060—2067.

(20) Sapegin, A.; Reutskaya, E.; Krasavin, M. 1,4-Oxazepines and
1,4-Thiazepines. In Comprehensive Heterocyclic Chemistry IV; Black, D.
StC.; Cossy, J.; Stevens, C. V.; Rutjes, F. P. J. T., Eds.; Elsevier
Science, 2022; Vol. 13, Chapter 13.08, pp 313—370.

(21) (a) Kelgokmen, Y.; Cayan, Y,; Zora, M. Zinc Chloride
Mediated Synthesis of 1,4-Oxazepines from N-Propargylic f-
Enaminones. Eur. . Org Chem. 2017, 2017, 7167—7178. (b) Zora,
M.; Dikmen, E.; Kelgokmen, Y. One-pot synthesis of iodine-
substituted 1,4-oxazepines. Tetrahedron Lett. 2018, 59, 823—827.
(c) Kanova, N.; Dundar, B. A; Kelgokmen, Y.; Zora, M. One-Pot
Synthesis of 2-Acetyl-1H-pyrroles from N-Propargylic f-Enaminones
via Intermediacy of 1,4-Oxazepines. J. Org. Chem. 2021, 86, 6289—
6304.

(22) (a) Kwiecien, H.; Smist, M.; Wrzesniewska, A. Synthesis of
Aryl-fused 1,4-Oxazepines and their Oxo Derivatives: A Review. Curr.
Org. Synth. 2012, 9, 828—850. (b) Zaware, N.; Ohlmeyer, M. Recent
advances in dibenzo[bf] [1,4]oxazepine Synthesis. Heterocycl.
Commun. 2014, 20, 251-256.

(23) Walther, G.; Schneider, C. S.; Weber, K. H.; Fuegner, A. Chem.
Abstr. 1982, 96, 6777. DE Patent 3008944

(24) Yale, H. L. 5,11-Dihydrodibenz[b,e] [1,4]oxazepine-S-carbox-
amides. Compounds potentially useful in the treatment of epilepsy
and trigeminal neuralgia. J. Med. Chem. 1968, 11, 396—397.

(25) (a) Diaz-Gavilan, M.; Rodritimeguez-Serrano, F.; Gomez-Vidal,
J. A;; Marchal, J. A;; Aranega, A,; Gallo, M. A,; Espinosa, A.; Campos,

J. M. Synthesis of tetrahydrobenzoxazepine acetals with electron-
withdrawing groups on the nitrogen atom. Novel scaffolds endowed
with anticancer activity against breast cancer cells. Tetrahedron 2004,
60, 11547—11557. (b) Samanta, K.; Chakravarti, B.; Mishra, J. K;
Dwivedi, S. K. D.; Nayak, L. V.; Choudhry, P.; Bid, H. K.; Konwar, R ;
Chattopadhyay, N.; Panda, P. Anti-tumor activity of a new series of
benzoxazepine derivatives in breast cancer. Bioorg. Med. Chem. Lett.
2010, 20, 283—-287.

(26) Liao, Y.; Venhuis, B. J.; Rodenhuis, N.; Timmerman, W.;
Wikstrom, H.; Meire, E.; Bartoszyk, G. D.; Bottcher, H.; Seyfried, C.
A; Sundell, S. New (Sulfonyloxy)piperazinyldibenzazepines as
Potential Atypical Antipsychotics: Chemistry and Pharmacological
Evaluation. J. Med. Chem. 1999, 42, 2235—2244.

(27) (a) Stefaniak, M.; Olszewska, B. 1,5-Benzoxazepines as a unique
and potent scaffold for activity drugs: A review. Arch. Pharm. 2021,
354, No. €2100224. (b) Chatterjee, 1; Ali, K.; Panda, G. A Synthetic
Overview of Benzoxazines and Benzoxazepines as Anticancer Agents.
ChemMedChem 2023, 18, No. €202200617.

(28) Hallinan, E. A.; Hagen, T. J.; Husa, R. K; Tsymbalov, S.; Rao,
S. N,; van-Hoeck, J. P.; Rafferty, M. F.; Stapelfeld, A.; Savage, M. A,;
Reichman, M. N-Substituted dibenzoxazepines as analgesic PGE2
antagonists. J. Med. Chem. 1993, 36, 3293—3299.

(29) Walther, G.; Schneider, C.; Weber, K. H.; Fuegner, A. Chem.
Abstr. 1983, 98, 198233. DE Patent 3134672

(30) Hamidi, H.; Heravi, M. M.; Tajbakhsh, M.; Shiri, M.; Oskooie,
H. A,; Shintre, S. A.; Koorbanally, N. A. Synthesis and anti-bacterial
evaluation of novel thio- and oxazepino[7,6-b]quinolines. J. Iran.
Chem. Soc. 2015, 12, 2205—2212.

(31) (a) Garg, N.; Chandra, T.; Archana, M,; Jain, A. B.; Kumar, A.
Synthesis and Evaluation of Some New Substituted Benzothiazepine
and Benzoxazepine Derivatives as Anticonvulsant Agents. Eur. ]. Med.
Chem. 2010, 45, 1529—1535. (b) Deng, X. Q.; Song, M. X.; Wei, C.
X,; Sun, Z. G.; Quan, Z. S. Synthesis and Evaluation of 7-Substituted-
3,4-dihydrobenzo[f] [1,4]oxazepin-S(2H)-ones as Anticonvulsant and
Hypnotic Agents. Med. Chem. Res. 2011, 20, 996—1004.

(32) (a) Coccaro, E. F.; Siever, L. J. Second Generation
Antidepressants: A Comparative Review. J. Clin. Pharmacol. 198S,
25, 241-260. (b) Nagarajan, K; David, J.; Kulkarni, Y. S.; Hendj, S.
B.; Shenoy, S. J; Upadhyaya, P. Piperazinylbenzonaphthoxazepines
with CNS Depressant Properties. Eur. J. Med. Chem. 1986, 21, 21-26.

(33) Walther, G.; Daniel, H.; Bechtel, W. D.; Brandt, K. New
Tetracyclic Guanidine Derivatives with H-1-Antihistaminic Properties
— Chemistry of Epinastine. Arzneim.-Forsch. 1990, 40, 440—446.

(34) Ha, S. K; Shobha, D.; Moon, E.; Chari, M. A.,; Mukkanti, K
Kim, S. H.; Ahn, K. H,; Kim, S. Y. Anti-neuroinflammatory Activity of
1,5-Benzodiazepine Derivatives. Bioorg. Med. Chem. Lett. 2010, 20,
3969-3971.

(35) Liao, Y.; Venhuis, B. J.; Rodenhuis, N.; Timmerman, W.;
Wikstrom, H.; Meire, E.; Bartoszyk, G. D.; Bottcher, H.; Seyfried, C.
A.; Sundell, S. New (Sulfonyloxy)piperazinyldibenzazepines as
Potential Atypical Antipsychotics: Chemistry and Pharmacological
Evaluation. J. Med. Chem. 1999, 42, 2235—2244.

(36) Van der Burg, W. J. Chem. Abstr. 1974, 81, 3986. DE Patent
2347727

(37) Van der Burg, W. J. Chem. Abstr. 1973, 79, 5339. DE Patent
2248477

(38) (a) Binaschi, M; Boldetti, A; Gianni, M.; Maggi, C. A;
Gensini, M.; Bigioni, M.; Parlani, M.; Giolitti, A.; Fratelli, M.; Vallj,
C.,; Terao, M,; Garattini, E. Antiproliferative and Differentiating
Activities of a Novel Series of Histone Deacetylase Inhibitors. ACS
Med. Chem. Lett. 2010, 1, 411—41S. (b) Yin, Y.; Zhang, Y. Q.; Jin, B,
Sha, S.; Wy, X,; Sangani, C. B.; Wang, S. F.; Qiao, F.; Lu, A. M,; Ly, P.
C.; H. Zhu, L. 6,7-Dihydrobenzo[f]benzo[4,5]imidazo[1,2-d] [1,4]-
oxazepine derivatives as selective inhibitors of PI3Ka. Bioorg. Med.
Chem. 2015, 23, 1231—1240. (c) Banerji, B.; Pramanik, S. K;
Sanphui, P.; Nikhar, S.; Biswas, S. C. Synthesis and Cytotoxicity
Studies of Novel Triazolo-Benzoxazepine as New Anticancer Agents.
Chem. Biol. Drug Des. 2013, 82, 401—409.

https://doi.org/10.1021/acsomega.4c05239
ACS Omega 2024, 9, 33251-33260


https://doi.org/10.1021/jm900018b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm900018b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm900018b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1211/0022357001777522
https://doi.org/10.1211/0022357001777522
https://doi.org/10.1211/0022357001777522
https://doi.org/10.1016/j.bmcl.2009.05.010
https://doi.org/10.1016/j.bmcl.2009.05.010
https://doi.org/10.1016/j.bmcl.2009.05.010
https://doi.org/10.1016/S0223-5234(98)80063-9
https://doi.org/10.1016/S0223-5234(98)80063-9
https://doi.org/10.1039/c1ob05288h
https://doi.org/10.1039/c1ob05288h
https://doi.org/10.1016/j.cplett.2019.06.062
https://doi.org/10.1016/j.cplett.2019.06.062
https://doi.org/10.1016/j.cplett.2019.06.062
https://doi.org/10.1039/c5qo00124b
https://doi.org/10.1039/c5qo00124b
https://doi.org/10.1039/c5qo00124b
https://doi.org/10.1055/s-0037-1610131
https://doi.org/10.1055/s-0037-1610131
https://doi.org/10.1002/slct.201803538
https://doi.org/10.1002/slct.201803538
https://doi.org/10.1002/asia.201900567
https://doi.org/10.1002/asia.201900567
https://doi.org/10.1002/asia.201900567
https://doi.org/10.1039/D2NJ05259H
https://doi.org/10.1039/D2NJ05259H
https://doi.org/10.1002/ejoc.201701433
https://doi.org/10.1002/ejoc.201701433
https://doi.org/10.1002/ejoc.201701433
https://doi.org/10.1016/j.tetlet.2018.01.048
https://doi.org/10.1016/j.tetlet.2018.01.048
https://doi.org/10.1021/acs.joc.1c00077?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c00077?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c00077?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.2174/157017912803901664
https://doi.org/10.2174/157017912803901664
https://doi.org/10.1515/hc-2014-0149
https://doi.org/10.1515/hc-2014-0149
https://doi.org/10.1021/jm00308a059?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00308a059?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00308a059?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2004.09.072
https://doi.org/10.1016/j.tet.2004.09.072
https://doi.org/10.1016/j.tet.2004.09.072
https://doi.org/10.1016/j.bmcl.2009.10.115
https://doi.org/10.1016/j.bmcl.2009.10.115
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ardp.202100224
https://doi.org/10.1002/ardp.202100224
https://doi.org/10.1002/cmdc.202200617
https://doi.org/10.1002/cmdc.202200617
https://doi.org/10.1021/jm00074a010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00074a010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s13738-015-0698-5
https://doi.org/10.1007/s13738-015-0698-5
https://doi.org/10.1016/j.ejmech.2010.01.001
https://doi.org/10.1016/j.ejmech.2010.01.001
https://doi.org/10.1007/s00044-010-9434-y
https://doi.org/10.1007/s00044-010-9434-y
https://doi.org/10.1007/s00044-010-9434-y
https://doi.org/10.1002/j.1552-4604.1985.tb02835.x
https://doi.org/10.1002/j.1552-4604.1985.tb02835.x
https://doi.org/10.1016/j.bmcl.2010.04.133
https://doi.org/10.1016/j.bmcl.2010.04.133
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm991005d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml1001163?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml1001163?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmc.2015.01.052
https://doi.org/10.1016/j.bmc.2015.01.052
https://doi.org/10.1111/cbdd.12164
https://doi.org/10.1111/cbdd.12164
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c05239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

(39) (a) Ban, T. A; Fujimori, M.; Petrie, W. M.; Ragheb, M,;
Wilson, W. H. Systematic Studies with Amoxapine, A New Anti-
Depressant. Int. Pharmacopsychiatr. 1982, 17, 18—27. (b) Cohen, B.
M.; Harris, P. Q. Altesman, R. I; Cole, J. O. Amoxapine -
Neuroleptic As Well As Anti-Depressant. Am. J. Psychiatry 1982, 139,
1165—1167. (c) Kapur, S.; Cho, R; Jones, C.; McKay, G.; Zipursky,
R. B. Is amoxapine an atypical antipsychotic?: Positron-emission
tomography investigation of its dopamine, and serotonin, occupancy.
Biol. Psychiatry 1999, 45, 1217—1220.

(40) (a) Blackwell, B. Treatment adherence. Br. J. Psychiatry 1976,
129, 513—531. (b) Balani, N. D.; Parhate, S. M.; Thawani, V. R;
Deshpande, A. M. Effects of nitroxazepine on diastolic blood pressure
in mild hypertensive patients - a short term clinical study. Indian J.
Physiol. Pharmacol. 1995, 39, 293—295.

(41) (a) Heel, R. C; Brogden, R. N.; Speight, T. M.; Avery, G. S.
Loxapine: A Review of its Pharmacological Properties and
Therapeutic Efficacy as an Antipsychotic Agent. Drugs 1978, 15,
198—217. (b) Umemiya, H.; Fukasawa, H.; Ebisawa, M.; Eyrolles, L.;
Kawachi, E.; Eisenmann, G.; Gronemeyer, H.; Hashimoto, Y.; Shudo,
K.; Kagechika, H. Regulation of Retinoidal Actions by Diazepinyl-
benzoic Acids. Retinoid Synergists Which Activate the RXR—RAR
Heterodimers. J. Med. Chem. 1997, 40, 4222—4234. and references
cited therein (c) Schultz, S. H,; North, S. W.; Shields, C. G.
Schizophrenia: a review. Am. Fam. Physician 2007, 75, 1821—1829.

(42) Shaveta; Mishra, M.; Singh, P. Hybrid molecules: The
privileged scaffolds for various pharmaceuticals. Eur. J. Med. Chem.
2016, 124, 500—536.

(43) (a) Dundar, B. A.; Zora, M. A facile synthesis of a novel family
of heterotricyclic hybrids: Spiro-pyrrolopyridazines. Synth. Commun.
2022, 52, 356—367. (b) Atmaca, H.; Ilhan, S.; Dundar, B. A.; Zora,
M. Bioevaluation of Spiro N-Propargylic #-Enaminones as Anti-Breast
Cancer Agents: In Vitro and Molecular Docking Studies. Chem.
Biodiversity 2023, 20, No. €202301228. (c) Atmaca, H,; Ilhan, S,;
Pulat, C. C,; Dundar, B. A;; Zora, M. Evaluation of Novel Spiro-
pyrrolopyridazine Derivatives as Anticancer Compounds: In Vitro
Selective Cytotoxicity, Induction of Apoptosis, EGFR Inhibitory
Activity, and Molecular Docking Analysis. ACS Omega 2024, 9,
23713—23723.

(44) Yang, K; Fu, L. Mechanisms of resistance to BCR-ABL TKIs
and the therapeutic strategies: a review. Crit. Rev. Oncol. Hematol.
2015, 93, 277—-292.

(4S) (a) Patil, N. T.; Mutyala, A. K; Lakshmi, P. G. V. V.; Raju, P.
V. K.; Sridhar, B. Facile Assembly of Fused Isoquinolines by Gold(I)-
Catalyzed Coupling—Cyclization Reactions between o-Alkynylbenzal-
dehydes and Aromatic Amines Containing Tethered Nucleophiles.
Eur. ]. Org Chem. 2010, 2010, 1999—2007. (b) Rustagi, V.; Aggarwal,
T.; Verma, A. K. Highly efficient Ag(I)-catalyzed regioselective
tandem synthesis of diversely substituted quinoxalines and benzimi-
dazoles in water. Green Chem. 2011, 13, 1640—1643.

(46) (a) Rajput, D.; Kumar, A; Jandial, T.; Karuppasamy, M,;
Bhuvanesh, N.; Kumar, R. S.; Almansour, A. L; Sridharan, V.
Microwave-Assisted Copper(II)-Catalyzed Cascade Cyclization of 2-
Propargylamino/Oxy-Arylaldehydes and o-Phenylenediamines: Ac-
cess to Densely Functionalized Benzo[f]Imidazo[1,2-d] [1,4]-
Oxazepines and Benzo[f]Imidazo[1,2-d] [1,4]Diazepines. J. Org.
Chem. 2022, 87, 8956—8969. For a similar study, see also: (b) Rajput,
D.; Tsering, D.; Karuppasamy, M.; Kapoor, K. K; Nagarajan, S.;
Maheswari, C. U.; Bhuvanesh, N.; Sridharan, V. Diversity-Oriented
Synthesis of Benzo[f] [1,4]oxazepine-2H-Chromene-and 1,2-Dihy-
droquinoline-Fused Polycyclic Nitrogen Heterocycles under Micro-
wave-Assisted Conditions. J. Org. Chem. 2023, 88, 8643—8657.

(47) Zora, M.; Kivrak, A.; Yazici, N. E. One-pot synthesis of
pyrroloquinoxaline-embedded complex heterocyclic molecules. In
Abstracts of Papers, 243rd National Meeting of American Chemical
Society, San Diego, California, March 25-29, 2012; American
Chemical Society: Washington, DC, 2012; ORGN 348.

(48) (a) Patil, N. T.; Kavthe, R. D.; Raut, V. S;; Reddy, V. V. N.
Platinum-Catalyzed Formal Markownikoff's Hydroamination/Hydro-
arylation Cascade of Terminal Alkynes Assisted by Tethered

33260

Hydroxyl Groups. J. Org. Chem. 2009, 74, 6315—6318. (b) Wang,
Y.; Zhu, Q. Palladium(II)-Catalyzed Cycloamidination via C(sp*)—H
Activation and Isocyanide Insertion. Adv. Synth. Catal. 2012, 354,
1902—1908.

(49) (a) Khoshkholgh, M. J.; Balalaie, S.; Bijanzadeh, H. R.; Gross, J.
H. Intramolecular domino-Knoevenagel-hetero-Diels-Alder reaction
with terminal acetylenes. ARKIVOC 2008, 2009, 114—121.
(b) Keskin, S.; Balci, M. Intramolecular Heterocyclization of O-
Propargylated Aromatic Hydroxyaldehydes as an Expedient Route to
Substituted Chromenopyridines under Metal-Free Conditions. Org.
Lett. 2015, 17, 964—967.

(50) Zora, M,; Kivrak, A. Synthesis of 4,5-dihydropyrrolo[1,2-
a]quinoxaline and pyrrolo[1,2-a]quinoxaline derivatives. In Abstracts
of Papers, 243rd National Meeting of American Chemical Society, San
Diego, California, March 25—29, 2012; American Chemical Society:
Washington, DC, 2012; ORGN 608.

(51) Pérez Sestelo, J. P.; Sarandeses, L. A.; Martinez, M. M.; Alonso-
Maranon, L. Indium(II) as z-acid catalyst for the electrophilic
activation of carbon—carbon unsaturated systems. Org. Biomol. Chem.
2018, 16, 5733—5747.

(52) (a) Yadav, J. S.; Antony, A.; George, J.; Reddy, B. V. S. Recent
Developments in Indium Metal and Its Salts in Organic Synthesis.
Eur. J. Org Chem. 2010, 2010, 591-605. (b) Singh, M. S,
Raghuvanshi, K. Recent advances in InCl;-catalyzed one-pot organic
synthesis. Tetrahedron 2012, 68, 8683—8697.

(53) Mahato, S. K.; Acharya, C.; Wellington, K. W.; Bhattacharjee,
P.; Jaisankar, P. InCl;: A Versatile Catalyst for Synthesizing a Broad
Spectrum of Heterocycles. ACS Omega 2020, S, 2503—2519.

https://doi.org/10.1021/acsomega.4c05239
ACS Omega 2024, 9, 33251-33260


https://doi.org/10.1159/000468553
https://doi.org/10.1159/000468553
https://doi.org/10.1176/ajp.139.9.1165
https://doi.org/10.1176/ajp.139.9.1165
https://doi.org/10.1016/S0006-3223(98)00204-2
https://doi.org/10.1016/S0006-3223(98)00204-2
https://doi.org/10.1192/bjp.129.6.513
https://doi.org/10.2165/00003495-197815030-00002
https://doi.org/10.2165/00003495-197815030-00002
https://doi.org/10.1021/jm9704309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9704309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9704309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ejmech.2016.08.039
https://doi.org/10.1016/j.ejmech.2016.08.039
https://doi.org/10.1080/00397911.2021.2024575
https://doi.org/10.1080/00397911.2021.2024575
https://doi.org/10.1002/cbdv.202301228
https://doi.org/10.1002/cbdv.202301228
https://doi.org/10.1021/acsomega.4c00794?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.4c00794?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.4c00794?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.4c00794?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.critrevonc.2014.11.001
https://doi.org/10.1016/j.critrevonc.2014.11.001
https://doi.org/10.1002/ejoc.200901364
https://doi.org/10.1002/ejoc.200901364
https://doi.org/10.1002/ejoc.200901364
https://doi.org/10.1039/c1gc15346c
https://doi.org/10.1039/c1gc15346c
https://doi.org/10.1039/c1gc15346c
https://doi.org/10.1021/acs.joc.2c00671?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c00671?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c00671?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.2c00671?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901200j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901200j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901200j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/adsc.201200106
https://doi.org/10.1002/adsc.201200106
https://doi.org/10.3998/ark.5550190.0010.908
https://doi.org/10.3998/ark.5550190.0010.908
https://doi.org/10.1021/acs.orglett.5b00067?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b00067?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b00067?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c8ob01426d
https://doi.org/10.1039/c8ob01426d
https://doi.org/10.1002/ejoc.200900895
https://doi.org/10.1002/ejoc.200900895
https://doi.org/10.1016/j.tet.2012.06.099
https://doi.org/10.1016/j.tet.2012.06.099
https://doi.org/10.1021/acsomega.9b03686?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.9b03686?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c05239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

