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One-pot synthesis of substituted pyrrolo[3,4-b]pyridine-4,5-
diones based on the reaction of N-(1-(4-hydroxy-6-methyl-2-
oxo-2H-pyran-3-yl)-2-oxo-2-arylethyl)acetamide with amines
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The condensation of primary amines with N-(1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-2-oxo-2-arylethyl)acetamides was

explored. Thus, a previously unknown recyclization of the starting material was observed in acidic ethanol in the presence of an

amine, which provided the corresponding dihydropyrrolone derivative as the major reaction product. Based on this transformation,

a practical and convenient one-pot synthetic method for substituted pyrrolo[3,4-b]pyridin-5-ones could be devised.

Introduction

Derivatives of pyrrolo[3,4-b]pyridin-5-one are known for their
broad-spectrum biological activity [1-3]. One example includes
a family of compounds based on this fragment that was tested
as dipeptidyl peptidase-4 (DPP4) inhibitors [4-7]. From the ob-
tained results, the authors suggested these compounds as effec-

tive therapeutic agents for the treatment of diabetes mellitus.

Further, it was shown that several synthetic molecules with a
pyrrolo[3,4-b]pyridin-5-one core display a remarkable anti-
epileptic activity [8]. Additionally, compounds containing the
1H-imidazo[1°2’:1,2]pyrrolo[3,4-b]pyridine moiety were em-
ployed as herbicides [9]. At the same time, the published syn-

thetic procedures towards the reported scaffolds were mainly
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specific for the individual products, with no universal method-
ology being presented. This limits the synthetic scope to targets
carrying only certain, specific substituents. Therefore, consid-
ering the importance of the pyrrolo[3,4-b]pyridin-5-one motif, a
novel, general synthetic approach to this class of organic com-
pounds has become strongly desirable.

In this article, we describe a convenient synthetic method for
the preparation of 6-alkyl-2-methyl-7-aryl-6,7-dihydro-1H-
pyrrolo[3,4-b]pyridine-4,5-diones 1. Therein, the condensation
of N-(1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-2-o0xo0-2-
arylethyl)acetamides 2 with a diverse range of amines 3 did not
only furnish the desired scaffolds in satisfactory yields but also
allowed to use a variety of readily available substituted sub-

strates (Scheme 1).

Results and Discussion

The published synthesis of acetamides 2 includes a one-pot
three-component reaction of 4-hydroxy-6-methyl-2H-pyran-2-
one (4), arylglyoxals 5, and acetamide (6) using SnCl,—SiO,
nanoparticles as heterogeneous catalyst under solvent-free
conditions [10]. However, as we found out, the use of a catalyst
was unnecessary for this transformation. In turn, refluxing the
reaction mixture in acetonitrile was sufficient for this reaction
to proceed, furnishing target materials 2 in good yields
(Scheme 2).

The established straightforward synthesis of acetamides 2
provides further access to target materials with diverse substitu-
ent patterns. It is known that in the presence of amines, pyra-
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nones undergo recyclization under formation of various
nitrogen-containing heterocycles [11-16]. In order to investi-
gate the possibility of an analogous rearrangement of the pyra-
none ring in 2 when being attached by an amine, we studied the
model reaction of N-(2-(4-chlorophenyl)-1-(4-hydroxy-6-
methyl-2-oxo0-2H-pyran-3-yl)-2-oxoethyl)acetamide (2a) with
2-(4-methoxyphenyl)ethan-1-amine (3a) under different condi-

tions, and the results are summarized in Table 1.

As can be seen in Table 1, entry 8, the most efficient conditions
for the reaction of 2a and 3a were found to be the use of ethanol
as solvent as well as equimolar amounts of amine species and
acetic acid under reflux. At the same time, in the absence of
AcOH as additive, only traces of the desired product 7a could
be detected using either solvent. In addition, extending the reac-
tion time to over 4 h under reflux led to a significant decrease in
yield of the target material. Thus, optimal conditions could be
established for this reaction, allowing the synthesis of enam-
inones 7 in moderate yields (Table 2). Note, that this is the first

time for such a transformation to be reported.

There are two possible reaction pathways for the investigated
conversion. The first possibility includes the attack of an amine,
and pyranone ring-opening to afford the acyclic intermediate 8
(Scheme 3A). Then, the latter undergoes cyclization to interme-
diate diketone 9. The alternative approach includes an initial
condensation of amine and aryl ketone to give the enamine
intermediate 10, which can subsequently undergo opening of
the pyranone ring, yielding dihydropyrrolone 9 (Scheme 3B).
Following this, the diketone-containing substituent of 9 reacts
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Scheme 2: Synthesis of acetamides 2.
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Table 1: Screening and optimization of the reaction conditions for the synthesis of 7a.2

Cl NH, Cl
+ - =
reflux
OCH; \/\©\00H3
H3CO
2a 3a
Entry Solvent t,h Acid (3 equiv) Yield, %

1 MeCN 4 - traces
2 MeCN 4 AcOH 39
3 MeCN 8 AcOH 22
4 dioxane 4 - traces
5 dioxane 4 AcOH 25
6 dioxane 8 AcOH 13
7 EtOH 4 - traces
8 EtOH 4 AcOH 60
9 EtOH 8 AcOH 24

aThe structure of product 7a was confirmed by 'H, 13C, and 2D (HMBC) NMR as well as HRMS.

Table 2: Synthesis of dihydropyrrolone derivatives 7.2

+ R'NH, _—
EtOH, reflux
2 3 7
Entry R1 R Product Yield, %
1 4-CHgz0-CgH4—(CHp)o cl 7a 60
2 H cl 7b 41
3b H Br 7c 42
4p H CHs 7d 30
5 CHs cl 7e 59
6 HO—(CHy)» cl 7% 57

aReaction conditions: 2 (3 mmol), amine 3 (9 mmol), AcOH (9 mmol), EtOH, reflux, 4 h. ®Ammonium acetate (6 mmol) was used instead of amine 3

(9 mmol) and AcOH (9 mmol).

with a second equivalent of amine, forming the final enam-
inone 7. After this general synthetic method for enaminone
targets had been developed, the obtained compounds were
further employed in the synthesis of pyrrolopyridinones 1.

The presence of the two key reactive groups in adjacent posi-
tions in 7, the acetamide moiety and the enaminoketone func-

tionality, should allow for an intramolecular condensation and

the formation of the target pyrrolopyridinones 1. To investigate
this, first, enaminone 7a was chosen as a model compound in a
test reaction in acidic medium in order to identify the most effi-
cient conditions for the transformation to 1a (Table 3). Several
organic and inorganic acids and mixtures thereof were tested for
this conversion. As it was established, the choice of acid was
crucial. As such, the best yield was obtained after 1 h under
reflux in AcOH/HCI, 1:1, v/v (Table 3, entry 3). All other
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Scheme 3: Possible reaction pathways for the formation of enaminone 7.

Table 3: Optimization of the reaction conditions towards pyrrolo[3,4-b]pyridin-5-one derivative 1a from 7a.

Entry Reagent/solvent, v/iv
1 AcOH
2 HCI
3 HCI/AcOH, 1:1
4 HCI/AcOH, 1:1
5 TsOH/HCI, 1:20
6 TsOH/AcOH, 1:20
7 TsOH/AcOH, 1:20
8 H2SO4/AcOH, 1:1
9 H2SO4/AcOH, 1:5
10 H>SO4/AcOH, 1:20
11 HoSOy4

attempts, i.e., applying longer reaction times and using differ-
ent acids/acid mixtures, only provided inferior results.

After having established a novel synthetic pathway to the target
pyrrolopyridinone 1a, we decided to test the sequential transfor-
mation in a much more convenient, one-pot procedure. For this
purpose, after completion of the first step, condensation of acet-
amide 2a and the corresponding amine 3a, the solvent was
evaporated to give the crude enaminone 7a as a brown solid.
The obtained residue was then heated in an AcOH/HCI mixture
to give the target pyrrolopyridinone 1a. In addition, the de-
scribed one-pot synthesis, besides from being more straightfor-
ward, provided better yields as compared to the standard two-
step procedure due to circumventing the isolation of the inter-
mediate enaminones 7. Applying this method to the whole
range of substrates 2 and 3 allowed to access the target materi-
als 1 in high yields (Table 4).

th Yield, %

0
traces
82
35
traces
41
14
0
27
44
0

—_ a A A N a A N A

Again, the transformation of 7 to 1 may have proceeded via one
of two possible routes: The two-step process might start with an
intramolecular condensation of the enaminone moiety in 7, fol-
lowed by acidic hydrolysis of the acetyl group, furnishing the
desired pyrrolopyridinones 1 (Scheme 4A). Alternatively, these
steps could be reversed in order, i.e., the hydrolysis of both en-
aminoketone and acetamide fragments proceeds first, followed
by intramolecular cyclization (Scheme 4B).

The structure of the 4-chloro-substituted pyrrolopyrimidinone
le was proven by single crystal X-ray analysis (Figure 1).
Despite the unambiguous dominance of the pyridone-based
conformation in the solid state of 1e, two tautomers of 1 might
exist in solution, with the other form being a hydroxypyridine
(Scheme 5). This assumption is supported by an apparent
broadening of several signals in the 'H NMR spectra of 1, as
shown in Supporting Information File 1.
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Table 4: One-pot method for the synthesis of pyrrolo[3,4-b]pyridin-5-one derivatives 1.2

Entry

1
2
3
4
5
6
7
8

©

10
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2Reaction conditions: 1) 2 (3 mmol), amine 3 (9 mmol), AcOH (9 mmol), EtOH, reflux, 4 h. 2) HCI/AcOH, 5 mL/5 mL, reflux, 1 h.
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Cl 1a 60

Cl 1b 50
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Cl 1e 59

Br 1f 70

F 1g 54

CH30 1h 55

CHs 1i 68
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Scheme 4: Possible reaction pathways for the formation of pyrrolo[3,4-b]pyridin-5-one derivatives 1.

Conclusion

arylethyl)acetamides with a diverse family of amines was per-

In conclusion, a new, general synthetic pathway to various formed in two consecutive steps, without isolation of the inter-

substituted pyrrolopyridinones 1 was developed. The reaction mediate enaminones 7. The described one-pot method combines

of N-(1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-2-oxo-2-  efficiency and simplicity, granting a convenient access to the
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Figure 1: View of the structure of 1e in the crystal (CCDC: 1921613).
Thermal ellipsoids indicate 50% probability. Solvent molecules have
been omitted for clarity.

Scheme 5: Tautomeric equilibrium of pyrrolo[3,4-b]pyridin-5-one deriv-
atives 1 in solution.

pyrrolo[3,4-b]pyridin-5-one scaffold. In addition, single crystal
X-ray crystallographic analysis unequivocally confirmed the
structure assigned to the obtained products.

Supporting Information

Supporting Information File 1

Experimental procedures, characterization data of all
products, copies of 14, 13C, 2D NMR, and HRMS spectra
of all compounds, and X-ray data for compound 1e.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-15-277-S1.pdf]

ORCID® iDs

Valeriya G. Melekhina - https://orcid.org/0000-0001-7572-1572
Andrey N. Komogortsev - https://orcid.org/0000-0001-7364-3478
Boris V. Lichitsky - https://orcid.org/0000-0002-9615-4519

References

1. Segura-Olvera, D.; Garcia-Gonzélez, A. N.; Morales-Salazar, |.;
Islas-Jacome, A.; Rojas-Aguirre, Y; Ibarra, I. A.; Diaz-Cervantes, E.;
Alcaraz-Estrada, S. L.; Gonzéalez-Zamora, E. Molecules 2019, 24,
No. 2648. doi:10.3390/molecules24142648

Beilstein J. Org. Chem. 2019, 15, 2840-2846.

2. Zamudio-Medina, A.; Garcia-Gonzalez, A. N.; Herrera-Carrillo, G. K.;
Zarate-Zarate, D.; Benavides-Macias, A.; Tamariz, J.; Ibarra, |.;
Islas-Jacome, A.; Gonzalez-Zamora, E. Molecules 2018, 23, No. 763.
doi:10.3390/molecules23040763

3. Lim, C. J.;Kim, J. Y.; Lee, B. H.; Oh, K.-S.; Yi, K. Y.

Bioorg. Med. Chem. Lett. 2013, 23, 1736—1739.
doi:10.1016/j.bmcl.2013.01.053

4. Devasthale, P.; Wang, Y.; Wang, W.; Fevig, J.; Feng, J.; Wang, A.;
Harrity, T.; Egan, D.; Morgan, N.; Cap, M.; Fura, A.; Klei, H. E.;

Kish, K.; Weigelt, C.; Sun, L.; Levesque, P.; Moulin, F.; Li, Y.-X,;
Zahler, R.; Kirby, M. S.; Hamann, L. G. J. Med. Chem. 2013, 56,
7343-7357. doi:10.1021/jm4008906

5. Yazbeck, R.; Howarth, G. S.; Abbott, C. A. Trends Pharmacol. Sci.
2009, 30, 600-607. doi:10.1016/j.tips.2009.08.003

6. Zhong, J.; Rao, X.; Rajagopalan, S. Atherosclerosis 2013, 226,
305-314. doi:10.1016/j.atherosclerosis.2012.09.012

7. Baetta, R.; Corsini, A. Drugs 2011, 71, 1441-1467.
doi:10.2165/11591400-000000000-00000

8. Renteria-Gémez, M. A.; Pharande, S. G.; Islas-Jacome, A.;
Gonzélez-Zamora, E.; Gdmez-Montafio, R. Proceedings (Basel, Switz.)
2019, 9, No. 5. doi:10.3389/fchem.2019.00546

9. Durr, D.; Brunner, H. G.; Szczepansky, H. 1H-Imidazo
[1',2":1,2]pyrrolo[3,4-b]pyridines and their use as herbicidal agents.
U.S. Patent 4,721,522, Jan 26, 1988.

10. Arfavi-Safari, M.; Anaraki-Ardakani, H.; Badri, R.; Tahanpesar, E.

J. Chem. Res. 2017, 41, 321-324.
doi:10.3184/174751917x14944355549131

11.Obydennov, D. L.; El-Tantawy, A. |.; Sosnovskikh, V. Y. New J. Chem.
2018, 42, 8943-8952. doi:10.1039/c8nj01044g

12.Obydennov, D. L.; Sidorova, E. S.; Usachev, B. |.; Sosnovskikh, V. Y.
Tetrahedron Lett. 2013, 54, 3085-3087.
doi:10.1016/j.tetlet.2013.03.132

13.Usachev, B. I.; Obydennov, D. L.; Réschenthaler, G.-V.;

Sosnovskikh, V. Y. J. Fluorine Chem. 2012, 137, 22-26.
doi:10.1016/j.jfluchem.2012.01.006

14. Vucicevic, J.; Srdic-Rajic, T.; Pieroni, M.; Laurila, J. M. M.; Perovic, V.;
Tassini, S.; Azzali, E.; Costantino, G.; Glisic, S.; Agbaba, D.;
Scheinin, M.; Nikolic, K.; Radi, M.; Veljkovic, N. Bioorg. Med. Chem.
2016, 24, 3174-3183. doi:10.1016/j.bmc.2016.05.043

15.Selness, S. R.; Devraj, R. V.; Devadas, B.; Walker, J. K.; Boehm, T. L,;
Durley, R. C.; Shieh, H.; Xing, L.; Rucker, P. V.; Jerome, K. D;
Benson, A. G.; Marrufo, L. D.; Madsen, H. M.; Hitchcock, J.;

Owen, T. J.; Christie, L.; Promo, M. A.; Hickory, B. S.; Alvira, E.;
Naing, W.; Blevis-Bal, R.; Messing, D.; Yang, J.; Mao, M. K;
Yalamanchili, G.; Vonder Embse, R.; Hirsch, J.; Saabye, M.; Bonar, S.;
Webb, E.; Anderson, G.; Monahan, J. B. Bioorg. Med. Chem. Lett.
2011, 21, 4066—4071. doi:10.1016/j.bmcl.2011.04.121

16.Kraus, G. A.; Wanninayake, U. K.; Bottoms, J. Tetrahedron Lett. 2016,
57, 1293-1295. doi:10.1016/j.tetlet.2016.02.043

2845


https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-15-277-S1.pdf
https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-15-277-S1.pdf
https://orcid.org/0000-0001-7572-1572
https://orcid.org/0000-0001-7364-3478
https://orcid.org/0000-0002-9615-4519
https://doi.org/10.3390%2Fmolecules24142648
https://doi.org/10.3390%2Fmolecules23040763
https://doi.org/10.1016%2Fj.bmcl.2013.01.053
https://doi.org/10.1021%2Fjm4008906
https://doi.org/10.1016%2Fj.tips.2009.08.003
https://doi.org/10.1016%2Fj.atherosclerosis.2012.09.012
https://doi.org/10.2165%2F11591400-000000000-00000
https://doi.org/10.3389%2Ffchem.2019.00546
https://doi.org/10.3184%2F174751917x14944355549131
https://doi.org/10.1039%2Fc8nj01044g
https://doi.org/10.1016%2Fj.tetlet.2013.03.132
https://doi.org/10.1016%2Fj.jfluchem.2012.01.006
https://doi.org/10.1016%2Fj.bmc.2016.05.043
https://doi.org/10.1016%2Fj.bmcl.2011.04.121
https://doi.org/10.1016%2Fj.tetlet.2016.02.043

License and Terms

This is an Open Access article under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0). Please note

that the reuse, redistribution and reproduction in particular

requires that the authors and source are credited.

The license is subject to the Beilstein Journal of Organic
Chemistry terms and conditions:
(https://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one
which can be found at:
doi:10.3762/bjoc.15.277

Beilstein J. Org. Chem. 2019, 15, 2840-2846.

2846


http://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc
https://doi.org/10.3762%2Fbjoc.15.277

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Supporting Information
	ORCID iDs
	References

