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ABSTRACT ARTICLE HISTORY

An efficient approach for the synthesis of various imidazoquinoxa- Received 19 September 2021
lines and spiroquinoxalinones has been reported from 2-(1H-imida-
zol-1-yl) aniline and different aldehydes using Wang-OSOzH as a
reusable catalyst to get in good yields. The reaction condition has
been optimized by screening in various solvents and a gram scale
experiment has also demonstrated. Further, the substrate scope of
the reaction has also been well demonstrated.
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Introduction

Heterocyclic compounds are one of the most important scaffolds in the pharmaceutical
and agro-industry. Especially, nitrogen-containing compounds possess the high
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Figure 1. Some biologically important imidazoquinoxaline units.

biological activity and are found to be present in both natural products and synthetic
drugs.'"*! Noteworthy, most of the drugs were developed by fabricating the nitrogen-
containing heterocyclic compounds in particular by using combinatorial synthesis.
Among them, quinoxalines and imidazoquinoxalines are some of the important struc-
tural moieties having immense biological functions like antibacterial and anti-cancer.
Because of having high biological importance, many synthetic chemists are attracted to
the synthesis of these compounds (Figure 1).**! For example the compound BMS-
345541 has significant cytotoxicity on melanoma and is also a selective inhibitor of IxB
kinase. Next, BMS-272900 is also an orally active inhibitor with anti-inflammatory activ-
ity. EAPB0203 exhibits important cytotoxicity in vitro on HTLV-I-infected CD4p T-cell
lines HuT102 and its amine derivative demonstrated significant activities against human
melanoma cell line A375. Furthermore, imidazoquinoxaline scaffold was identified as an
enzymatic inhibitor of Lck (IC50 =2nM) and having good potency against T-cell prolif-
eration (IC50 =0.67 uM).

Indeed, various synthetic methods have been developed to prepare different imidazo-
quinoxaline derivatives (Scheme 1),°7® but each method has its own limitation like low
yields, expensive catalysts, harsh reaction conditions, and less substrate scope. To our
delight, there are no reports on the synthesis of spiroquinoxalinones and hence we
would like to explore more to prepare these novel compounds. Nevertheless, in continu-
ation of our earlier affords for the synthesis of various heterocyclic compounds®~'"
herein we would like to report a unified approach for the synthesis of various imidazo-
quinoxalines and spiroquinoxalinones.

Results and discussion

Initially, we commenced the reaction by taking 2-(1H-imidazol-1-yl)-aniline and benzal-
dehyde as model substrates. We have screened the reaction in various catalysts like
(n-Bu3Sn),MoO,, B-cyclodextrin, and Wang-OSO;H in different solvents like methanol
and ethanol. In most of the cases, imine formation (3) was observed. Next, we have
tried the same reaction in toluene as a solvent by using (n-BusSn),MoO, as a catalyst.
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Scheme 1. Reported methods for the synthesis of imidazoquinoxalines

To our delight, we got the cyclized product (4) as a major product along with imine (3)

as a byproduct under reflux conditions. Next, we have continued the reaction by adding

the oxone as an oxidizing agent to get the quinoxaline (5) as a product in 50% yield.
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Table 1. Optimization of reaction conditions.

@E L ( CC (
+ +
Solvent N7 N N
NH2 Temp H
3 4 5
Yield (%)

Entry Catalyst Solvent Temperature (°C) Time (h) 3 4 5
1 (n-Bu3Sn),Mo0, Methanol 65 12 92 - -
2 (n-BusSn),Mo0Q, Ethanol 75 12 94 - -
3 (n-BusSn),Mo0, Toluene 110 15 20 30 50
4 f-Cyclodextrin Ethanol 75 12 90 - -
5 p-Cyclodextrin Toluene 110 15 40 10 40
6 Wang-0SOzH Ethanol 75 12 95 - -
7 Wang-0SOzH Toluene 110 5 - - 87
8 TFA Toluene 110 15 90 10 -
9 50% HCl - 110 15 Trace - -
10 50% Acetic acid - 110 5 - - 85
1 Amberlite IR 120H Toluene 110 10 - - 45
12 Dowex 50WX2 H Toluene 110 10 - - 50
Table 2. Solvent screening in the presence of Wang-OSOszH as a catalyst.

Entry Solvent Temperature (°C) Catalyst (mole%) Oxidant (eq.) Yield (%)
1 Toluene 110 10 Oxone (2) 90
2 DMF 120 10 Oxone (2) 88
3 1,4-Dioxane 100 10 Oxone (2 ) 85
4 Water 100 10 Oxone (2) 83
5 O-Xylene 120 10 Oxone (2) 89
6 Toluene 110 10 PIDA (2) 85
7 Toluene 110 10 TBHP (2) 87
8 Toluene 110 10 Oxone (1) 80
9 Toluene 110 10 Oxone (1.5) 87
10 Toluene 110 5 Oxone (2) 70
1 Toluene 110 15 Oxone (2) 90

Furthermore, under similar reaction conditions, we have attempted the reaction by
using Wang-OSO;H resin as a catalyst in methanol and toluene. The best results were
obtained in toluene under reflux conditions in an 87% yield. Next, we further screened
the reaction in other catalysts like TFA, 50% HCI, Amberlite IR 120H, and Dowex
50WX2, but none of these were successful. But, the reaction in 50% acetic acid provided
good yields. However, after comparing all the reaction conditions in terms of yields and
environmental factors, we have chosen Wang-OSOsH resin as a suitable catalyst for this
reaction (Table 1). Moreover, in order to fine-tune the reaction, we further carried out
the solvent screening using Wang-OSO;H as a catalyst. Among all the solvents, a good
yield was observed in toluene as a solvent. However, we further observed that increase
in the equivalents of the catalyst will not make any difference in terms of yields.
Moreover, we further performed the reaction in different oxidizing agents like PIDA,
TBHP, and oxone. Among all, oxone was found to be the best for this reaction
(Table 2).
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Scheme 2. Substrate scope of the reaction. *Experiments were conducted on gram scale
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Scheme 3. Synthesis of spiroimidazo[1,5-a]-quinoxaline

Indeed, we have explored the substrate scope of the reaction with different aldehydes and
to our delight, both electron-donating and withdrawing groups are compatible for this reac-
tion to provide good yields. Notably, we could amenable to producing similar yields with
pyridine aldehyde and napthaldehyde as well (Scheme 2). In order to apprehend this syn-
thetic methodology, we have demonstrated the reaction by taking cyclohexanone (6) on a
10g scale to provide its derivative in 85% yield (Scheme 3). Indeed, we have further
synthesized different spiro compounds with various N-substituted isatins. Initially, we have
carried out a reaction with 2-(1H-imidazol-1-yl)-aniline and isatine as model substrates, and
the substrate scope of the reaction was carried out with different N-substituted isatins under
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Scheme 4. Substrate scope of the reaction. *Experiments were conducted on gram scale.

the optimization conditions (Scheme 4). Moreover, the recyclability of the catalyst was also
studied up to five times and observed without loss of its activity (Figure 2).

A possible mechanism for this reaction was also proposed. In the first step, Wang-
OSOsH act as ionic acid and activates the aldehyde by protonation. In the second step,
the amine group of the 2-(1H-imidazol-1-yl) aniline react with activated aldehyde to
form the Schiff base II via intermediate I by loss of water. In the third step, the Schiff
base II intermediate undergoes intramolecular C-C bond formation and generates 2°
carbocation ion III, which is aromatized to get the dihydroimidazoquinoxalines IV. In
the final step, the oxidation of dihydroimidazoquinoxalines (IV) in presence of oxone
results in the formation of imidazoquinoxalines V (Scheme 5).
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Scheme 5. The possible mechanism for the preparation of imidazoquinoxline.

General information

All reagents were used as received and solvents from commercial sources without fur-
ther purification or prepared as described in the literature. Reactions were monitored
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by thin layer chromatography (TLC) on silica gel plates (60 F254), visualizing with
ultraviolet light or ninhydrin charing. Chromatographic purification of products was
carried out on silica gel (60-120 mesh). '"H NMR and *C NMR spectra were deter-
mined in DMSO-ds solution by using 400 or 100 MHz spectrometers, respectively.
Proton chemical shifts (3) are relative to tetramethylsilane (TMS, 6 =0.00) as internal
standard and expressed in ppm. Spin multiplicities are given as s (singlet), d (doublet),
t (triplet) and m (multiplet) as well as b (broad). Coupling constants (J) are given in
hertz. Melting points were determined using melting point B-540 apparatus. Mass spec-
tra were recorded on an HP-5989A quadrapole mass spectrometer and uncorrected
HRMS was determined using waters LCT premier XETOF ARE-047 apparatus.

General procedure for the synthesis of 4-phenylimidazo[1,5-a]quinoxaline (5)

To a solution of 2-(1H-imidazol-1-yl)aniline (3.14 mmol), in toluene (5mL), aldehyde
(3.45mmol) and wang resin (10 mol%) were added sequentially. The reaction mass was
stirred for 5h at 110°C. After completion of the reaction, the temperature was
decreased to 50-60°C and oxone (6.3 mmol) was added. Again, the temperature of the
reaction mass was increased to 110°C and stirred for 2h. The catalyst was filtered and
was washed with toluene (3 x 5mL). The combined filtrate was concentrated under
reduced pressure and the crude product was purified by column chromatography using
silica gel (60-120 mesh) with methanol-DCM (1:9) as an eluent to afford the desired
product (5).

General procedure for synthesis of 5’H-spiro[indoline-3,4’-Imidazo[1,2-
alquinoxalin]-2-one (9)

Isatin (3.45mmol) and the wang resin (10 mol%) were added to the solution of 2-(1H-
imidazol-1-yl)aniline (3.14 mmol) in water (5mL). The reaction mass was stirred at
110°C for 3h. After completion of reaction, the reaction mass cooled to room
temperature and diluted with a solution of methanol in ethyl acetate (1:9) to dissolve
the precipitated product. The catalyst was removed by filtration and was washed
with ethylacetate (3 x 5mL). The combined filtrate was concentrated under reduced
pressure and the crude product was purified by column chromatography using silica gel
(60-120 mesh) with methanol and DCM (2:8) as an eluent to afford the desired product

9).

4-Bromo-2-(imidazo[1,5-a]Jquinoxalin-4-yl)phenol (5j)

Pale yellow solid; m.p: >250 °C, '"H NMR (400 MHz, DMSO-dy): & 11.56 (s, 1H), 9.38
(s, 1H), 8.45 (d, J=8.4Hz, 1H), 8.02-7.98 (m, 1H), 7.88-7.84 (m, 2H), 7.76-7.68
(m, 1H), 7.64-7.56 (m, 2H), 7.03 (d, J=8.8 Hz, 1H); >*C NMR (100 MHz, DMSO-d):
o 156.3, 151.2, 134.2, 131.8, 131.5, 129.1 (2C), 129.0, 128.5, 127.2, 124.3, 123.7, 122.3,
119.3, 115.5, 110.1; MS (ESI): m/z [M+H]" caled for C,¢H;;BrN;O: 340.0085;
found: 340.0085.
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5'h-Spiro[cyclohexane-1,4'-imidazo[1,5-alquinoxaline] (7)

White solid; m. p.. 180-181°C; '"H NMR (400 MHz, CDCl3): & 7.95 (s, 1H), 7.45
(d, J=8.0Hz, 1H), 7.08-7.02 (m, 1H), 6.94 (s, 1H), 6.86-6.80 (m, 2H), 4.40 (s, 1H),
1.90-1.76 (m, 4H), 1.74-1.34 (m, 6H); *C NMR (100 MHz, CDCl;): & 134.8, 133.2,
130.5, 126.4, 122.4, 122.2, 118.9, 116.1, 115.0, 52.0, 36.0 (2C), 24.9, 21.4 (2C); HRMS
(ESI): m/z [M+H]" caled for C;5H;N5: 240.1501; found: 240.1497.

5h-Spiro[imidazo[1,5-a]quinoxaline-4,3'-indolin]-2'-one (9a)

Pale brown solid; m. p.: 177-178 °C; 'H NMR (400 MHz, DMSO-d,): & 10.42 (s, 1H),
8.53 (s, 1H), 7.73 (d, J=8.0 Hz, 1H), 7.42-7.28 (m, 2H), 7.14 (s, 1H), 7.12-7.0 (m, 2H),
6.94 (d, J=8.0Hz, 1H), 6.85 (d, J=8.0Hz, 1H), 6.83-6.76 (m, 1H), 6.34 (s, 1H); °C
NMR (100 MHz, DMSO-dg): & 176.5, 142.5, 135.7, 132.9, 130.3, 129.8, 126.3, 125.5,
125.1, 123.8, 122.5, 121.5, 117.8, 115.3, 115.1, 110.1, 59.1; IR (KBr): 3237, 2676, 1726,
1618, 1486cm™'; HRMS (ESI): m/z [M+H]" caled for C,;H;3N,O: 289.1089;
found: 289.1083.

Conclusions

In summary we have successfully demonstrated the synthesis of various imidazoqui-
noxalines and spiro-Imidazoquinoxalinones using Wang resin as a catalyst in good
yields. It is an atom economic approach and the substrate scope of the reaction has
been successfully executed and the recyclability of the catalyst has also been well per-
formed. Finally, the possible reaction mechanism was also proposed.

Supporting information summary

The experimental section and additional information (‘H NMR, *C NMR and mass
spectra for all compounds) are given in the supporting information.
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