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Selenazolium salts as catalysts in oxidation reactions
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Selenazolium salts promote mild oxidation of 2-aminophenal,
hydroquinone, Trolox-C, and anthracene with hydrogen
peroxide.
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Reduction and oxidation reactions represent very important
processes for a life existence. Almost all intra and extra cell
functions are based on reduction and oxidation of bioactive molecule
or metal in enzyme center. In a long list of various elements (Fe,
Cu, Zn, Mg, etc.) found in active centers of enzymes, the only
one, namely, selenium, is not coordinated, but covalently bonded
in enzyme structure. Selenium is incorporated in proteins generally
in the form of selenocysteine which is a unique 215 amino
acid.>? Selenium-containing compounds exhibit significant ability
to modulate various redox enzymes activity including glutathione
peroxidases family, glutathione reductase, thioredoxin system, etc.
by the depletion and formation of cellular glutathione, modula-
tion of NADPH level and stimulation of oxygen consumption.
The interaction of these compounds with glutathione suggests
potentially important role for them in therapy of oncological
diseases.®®

Recently, we have elaborated methods for the preparation of
stable fused selenazolium salts, systems with a Se-N* bond.®
These compounds exhibit Gpx-like properties by oxidizing sulfur-
containing natural amino acids, however, thiol oxidation is only
the tip of the iceberg. In continuation of our research in the
field of selenium chemistry,’~° here we present our results for
the use of selenazolium salts as catalysts in oxidation reactions.

The first reaction we studied was oxidation of 2-aminophenol.
In organisms, 2-aminophenols can be oxidized by phenoxazinone
synthase (PHS, 2-aminophenol : oxygen oxidoreductase).!® It seems
to participate in a mechanism to protect mammalian tissue from
oxidative damage!! and forms the core structure of certain anti-
biotics.?? It is also considered to contribute to the activity of
phenoxazinone antibiotics, allowing the compounds to intercalate
nucleic acids, which is why so many phenoxazinones are effective
anticancer agents,'3 for example, Actinomycin D. Phenoxazinone
systems occur in natural compounds such as antibiotics, insect
pigments, fungal metabolites, and 2-aminophenoxazin-3-one
derivatives exhibit antitumor, antimicrobial, and antiviral activity
in vitro and in vivo.115 Synthetically, 2-aminophenol can be
successfully oxidized with hydrogen peroxide in the presence of
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5 mol% of ebselen as the catalyst in tert-butanol.'® The reaction
was terminated by addition of a pinch of Pt/C.

Our concern was put on improving the ability of selenazolo-
pyridinium salts to serve as catalysts in the same reaction.
Selenazolopyridinium 1, selenazoloimidazolinium 2, and selen-
azolothiazolinium 3 salts were chosen in purpose to find which
of them exhibits better catalytic properties. Attempts were started
in tert-butanol in the presence of only 2 mol% of 1 (Scheme 1).
After 12 h of stirring at room temperature, we noticed full conver-
sion, and Questiomycin A (2-amino-3H-phenoxazin-3-one) 5 was
isolated in 76% yield. Next, we optimized reaction media using
different solvents (e.g. methanol, ethanol, 2-propanol, acetonitrile,
DMF) and found that acetonitrile was more appropriate solvent
as the yield of 5 increased to almost quantitative (98%)," and
the reaction time was shortened to 4 h. It was also possible to
reduce catalyst loading to 1 mol%, but the full conversion time
increased to 2 days and the product yield decreased by 12%. This
experiment establishes that selenazolopyridinium salts exhibit
PHS-like activity. Other selenazolium salts 2 and 3 showed lower
catalytic activity under the same reaction conditions (62—78%
yields), possibly because of lower stability of these heterocyclic
systems compared with 1.

1,4-Hydroquinone 6 useful as cosmetic skin lightener inrgedient
was the second investigated substrate. It can be readily oxidized
with H,0, in the presence of silver oxide or copper complexes with
the formation of p-benzoquinone 7.1718 Herein we found that
selenazolium salts can also be used as catalysts for this purpose,
providing quinone 7 quantitatively in 30 min. Therefore, we studied
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Scheme 1 Reagents and conditions: i, 1, 2 or 3 (2 mol%), H,0,, MeCN,
room temperature.

T Oxidation of 2-aminophenol. Hydrogen peroxide (25% ag., 0.1 ml) was
added to a solution of 2-aminophenol 2 (0.109 g, 1 mmol) and catalyst 1
(8 mg, 2 mol%) in MeCN (5 ml). After 4 h of stirring, ascorbic acid (0.1 g)
was added and the solvent was evaporated. The crude product was purified
by flash chromatography to give 2-amino-3H-phenoxazin-3-one 5.1°
Yield 104 mg (98%). 'H NMR (300 MHz, DMSO-dg) d: 6.32 (s, 1H), 6.35
(s, 1H), 6.83 (br.s, 2H), 7.35-7.39 (m, 1H), 7.43-7.52 (m, 2H), 7.67-7.71
(m, 1H). MS (ESI), m/z: 213 [M +1]. No product formation was detected
after 4 h of stirring in the absence of 1.
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whether selenazolium salts can catalyze vitamin E (a.-tocopherol)
oxidation (cf. ref. 19). Trolox-C 8 was chosen as a water-soluble
analogue of vitamin E. In fact, it was almost completely oxidized
by hydgrogen peroxide into quinoidal form 9 in methanol at room
temperature in the presence of 5 mol% of 1 in 1 h of stirring.*
Notably, overnight stirring of Trolox-C with 1 in methanol
leaved it unchanged. In addition, overnight oxidation of Trolox-C
with H,O, in the absence of selenazolium 1 under the same
reaction conditions afforded the 8:9 mixture in a ratio of 55:45.
The plausible mechanism is presented in Scheme 2.
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Scheme 2 Reagents and conditions: i, 1 (5 mol%), H,0,, MeOH, room
temperature.
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Anthracene 10 is readily oxidized with hydrogen peroxide to
anthracene-9,10-dione 11 in the presence of metal salts and com-
plexes?®-22 at elevated temperature (Scheme 3). When ebselen is
used as a catalyst, the yield of 11 is low (23%), while dimeric
9,9'-bianthracene-10,10'(9 H,9'H)-dione, the major oxidation
product (51%), is formed by free radical mechanism.2® However,
the use of 1 provided formation of 11 in 78% yield on carrying
out the reaction in methanol at 40°C in only 4 h.8

In summary, we have found that fused selenazolnium salts can
serve as catalysts for the preparation of Questiomycin A. These

* Oxidation of Trolox-C. Hydrogen peroxide (25% ag., 0.4 ml) was added
to a solution of compound 8 (0.25 g, 1 mmol) and catalyst 1 (20 mg,
5 mol%) in methanol (40 ml). After 1 h of stirring, ascorbic acid (0.2 g)
was added and the solvent was evaporated. The crude product was purified
by flash chromatography to afford 2-hydroxy-2-methyl-4-(2,4,5-trimethyl-
3,6-dioxocyclohexa-1,4-dien-1-yl)butanoic acid 9. Yield 240 mg (91%).
IH NMR (300 MHz, DMSO-dg) d: 1.28 (s, 3H), 1.52 (ddd, 1H, J 4.3,
12.2, 25.7 Hz), 1.68 (ddd, J 5.2, 18.2, 25.7 Hz), 1.93 (s, 6H), 1.94 (s,
3H), 2.26-2.34 (m, 1H), 2.50-2.29 (m, 2H). MS (ESI), m/z: 267 [M +1].
Oxidation without a catalyst resulted in a 8:9 (55:45) mixture after
overnight stirring.

§ Oxidation of anthracene. Hydrogen peroxide (25% ag., 0.3 ml) was
added to a solution of anthracene 10 (0.178 g, 1 mmol) and catalyst 1
(20 mg, 5 mol%) in methanol (50 ml). After 4 h of stirring at 40 °C, ascorbic
acid (0.2 g) was added and the solvent was evaporated. The crude product
was purified by flash chromatography to give anthracene-9,10-dione 11.
Yield 160 mg (78%). 'H NMR (300 MHz, CDCl5) §: 7.76-7.90 (m, 4 H,
Ar), 8.30-8.41 (m, 4H, Ar). GC-MS, m/z 208.1 [M]*. No product forma-
tion was detected after 4 h of stirring in the absence of 1.
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Scheme 3 Reagents and conditions: i, 1 (5 mol%), H,0,, MeOH, 40°C.

compounds promote hydroquinone, Trolox-C and even anthracene
oxidation with hydrogen peroxide in almost quantitative yields
under close to physiological conditions. In most cases, these
catalysts provide better yields compared with well-known ebselen.
It opens a possibility to continue our studies moving focus of
investigations from flask to in vitro experiments with malignant
and normal cells.

This work was supported by EU project SAM 1.1.1.1/16/A/294.

References

1 L. Johansson, G. Gafvelin and E. S. J. Arner, Biochim. Biophys. Acta,
2005, 1726, 1.

2 L. Flohé and R. Brigelius-Flohé, in Selenium. Its Molecular Biology
and Role in Human Health, eds. D. L. Hartfield, M. J. Berry and V. N.
Gladyshev, 3" edn., Springer, New York, 2012, pp. 167-180.

3 C. Méplan and J. Hesketh, Cancer Treat. Res., 2014, 159, 145.

4 K. Socha, J. Kochanowicz, E. Karpinska, J. Soroczyhnska, M. Jakoniuk,
Z. Mariak and M. H. Borawska, Nutr. J., 2014, 18, 13.

5 G. Batist, A. G. Katki, R. W. Klecker, Jr. and C. E. Myers., Cancer Res.,
1986, 46, 5482.

6 P. Arsenyan, J. Vasiljeva, S. Belyakov, E. Liepinsh and M. Petrova, Eur.
J. Org. Chem,, 2015, 5842.

7 J. Vasiljeva, |. Domracheva and P. Arsenyan, Tetrahedron Lett., 2016,
57, 196.

8 P. Arsenyan, Tetrahedron Lett., 2014, 55, 2527.

9 P. Arsenyan, J. Vasiljeva, S. Belyakov, M. Petrova and E. Liepinsh,
Mendeleev Commun., 2016, 26, 317.

10 M. Le Roes-Hill, C. Goodwin and S. Burton, Trends Biotechnal., 2009,
27, 248.

11 C. Eggert, U. Temp, J. F. D. Dean and K.-E. L. Eriksson, FEBS Lett.,
1995, 376, 202.

12 R.P.Maskey, F. C. Li, S. Qin, H. H. Fiebig and H. Laatsch, J. Antibiotics,
2003, 56, 622.

13 A. Bolognese, G. Correale, M. Manfra, A. Lavecchia, O. Mazzoni,
E. Novellino, V. Barone, A. Pani, E. Tramontano, P. La Colla, C. Murgioni,
I. Serra, G. Setzu and R. Loddo, J. Med. Chem., 2002, 45, 5205.

14 A. lwata, T. Yamagucchi, K. Sato, R. Izumi and A. Tomoda, Tohoku
J. Exp. Med., 2003, 200, 161.

15 T. Schimamoto, A. Tomoda, R. Ishida and K. Ohyashiki, Clin. Cancer
Res., 2001, 7, 704.

16 M. Giurg, K. Piekielska, M. Gebala, B. Ditkowski, M. Wolanski,
W. Peczynska-Czoch and J. Mtochowski, Synth. Commun., 2007, 37,
1779.

17 R. Mirsafaei, M. M. Heravi, T. Hosseinnejad and S. Ahmadi, Appl.
Organomet. Chem., 2016, 30, 823.

18 F. Derikvand, F. Bigi, R. Maggi, C. G. Piscopo and G. Sartori, J. Catal.,
2010, 271, 99.

19 K. N. Engin, Mol. Vs, 2009, 15, 855.

20 A.C.Estrada, M. M. Q. Simoes, I. C. M. S. Santos, M. G. P. M. S. Neves,
J.A. S. Cavaleiro and A. M. V. Cavaleiro, ChemCatChem, 2011, 3, 771.

21 A. Conde, D.-R. M. Mar and P. J. Perez, Chem. Commun., 2011, 47,
8154.

22 P. K. Tandon, R. Baboo, A. K. Singh and S. S. Gayatri, Appl. Organomet.
Chem., 2006, 20, 20.

23 J. Mlochowski, M. Brzaszcz, M. Chojnacka, M. Giurg and H. Wojtowicz,
ARKIVOC, 2004, iii, 226.

Received: 16th January 2017; Com. 17/5147

- 622 -



