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1(2H)-one Oxime in the System Acetylene–KOH–DMSO 

O. V. Petrovaa,  L. N. Sobeninaa,  A. B. Budaeva,  A. V. Ivanova,  V. A. Samsonovb,   
A. Ya. Tikhonovb,  and  B. A. Trofimova* 

a Favorskii Irkutsk Institute of Chemistry, Siberian Branch, Russian Academy of Sciences,  
ul. Favorskogo 1, Irkutsk, 664033 Russia 

*e-mail: boris_trofimov@irioch.irk.ru 
b Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberian Branch, Russian Academy of Sciences,  

pr. Akademika Lavrent’eva 9, Novosibirsk, 630090 Russia 

Received July 6, 2016 

Abstract—The reaction of 3,4-dihydrophenazin-1(2H)-one oxime with acetylene in the superbasic system 
KOH–DMSO afforded 1-aminophenazine in 32% yield instead of the expected pyrrolophenazine. The same 
product was also obtained under analogous conditions in the absence of acetylene.  

SHORT  
COMMUNICATIONS 

Cyclohexanone oxime is readily converted to 
4,5,6,7-tetrahydroindole in the reaction with acetylene 
in the system KOH–DMSO [1–5]. More complex 
compounds containing a six-membered cyclic ket-
oxime fragment, e.g., oximes derived from substituted 
cyclohexanones [4–6], tetralones [4, 5, 7], piperidi-
nones [4, 5, 8, 9], cyclohexanediones [4, 5, 10, 11], 
and steroidal ketones [4, 5, 12, 13], behave in a similar 
way. In all cases without exception the oxime  
fragment is transformed to pyrrole ring (Trofimov 
reaction) [14–16]. 

It might be expected that the reaction of 3,4-di-
hydrophenazin-1(2H)-one oxime (1) with acetylene 

under analogous conditions would lead to the forma-
tion of pyrrole-fused phenazine 2. However, instead of 
pyrrolophenazine 2, the product was 1-aminophena-
zine 3 (yield 32%; Scheme 1), whereas even traces of 
compound 2 were not detected in the reaction mixture. 
We also found that amine 3 is formed in the system 
KOH–DMSO in the absence of acetylene, other con-
ditions being equal, though the reaction rate was lower 
(according to the 1H NMR data, the conversion of  
1 was ~50%). 

As we showed previously [4, 5, 17], cascade 
assembly of pyrrole ring from oximes and acetylene 
involves intermediate formation of iminoaldehyde as 
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Scheme 3. 
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3,3-sigmatropic rearrangement product of the corre-
sponding O-vinyloxime. In our case, O-vinyloxime is 
likely to be converted to iminoaldehyde 5. Elimination 
of acetaldehyde molecule from the latter gives imine 6 
which tautomerizes to amine 3 (Scheme 2). The 
driving force of the elimination of acetaldehyde from 
iminoaldehyde 5 may be formation of more stable 
aromatic system 3. This should also be favored by 
thermodynamic stability of acetaldehyde as a good 
leaving group.  

Presumably, the observed redox aromatization of 
oxime 1 in the absence of acetylene begins with proton 
abstraction from the α-position with respect to the 
oxime group in 1 by the action of KOH–DMSO super-
basic system (Scheme 3). Dianion A thus formed 
exists in equilibrium with singly charged N-hydroxy 
tautomer and is converted to hydroxylamine B. 
Deprotonation of the latter at the 3-position gives 
dianion C which loses hydroxide ion to form imine 6, 
and the subsequent aromatization of 6 yields amine 3. 

1-Aminophenazine (3) was synthesized previously 
from oxime 1 in two steps, via reaction with acetic 
anhydride, followed by hydrolysis of the resulting 
amide [18]. 

The discovered transformations supplement the 
chemistry of oximes and acetylene and extend the 
scope of application of superbasic systems as reagents 
and catalysts in organic synthesis; their efficiency  
and versatility are continuously confirmed by new 
examples [19–24]. 

Phenazin-1-amine (3). a. Acetylene was passed 
over a period of 2 h through a mixture of 0.425 g  
(2.0 mmol) of oxime 1 and 0.128 g (2.0 mmol) of 
potassium hydroxide hemihydrate in 5 mL DMSO 
under stirring at 93–96°C. The mixture was cooled and 
diluted with brine, 0.112 g (2.1 mmol) of ammonium 
chloride was added, and the mixture was extracted 

with diethyl ether (8 × 7 mL). The combined extracts 
were washed with water (3 × 5 mL) and dried over 
anhydrous potassium carbonate, and the solvent was 
removed to leave 0.078 g (20%) of a dark red powder 
with mp 176–177°C (from MeOH); published data 
[18]: mp 179–181°C. The aqueous phase was addition-
ally treated with methylene chloride (5 × 7 mL), the 
combined extracts were washed with water (3 × 5 mL) 
and dried over K2CO3, and the solvent was removed to 
obtain an additional amount of amine 3, 0.047 g 
(12%). Overall yield 32%. IR spectrum (KBr), ν, cm–1: 
3467, 3333, 3057, 2921, 2854, 1620, 1517, 1465, 
1391, 1357, 1136, 962, 763. 1H NMR spectrum 
(CDCl3), δ, ppm: 5.24 br.s (2H, NH2), 6.91 d (1H, 2-H, 
J = 7.2 Hz), 7.55 m (1H, 4-H), 7.62 m (1H, 3-H),  
7.77 m (2H, 7-H, 8-H), 8.18 m (2H, 6-H, 9-H).  
13C NMR spectrum (CDCl3), δC, ppm: 107.7, 117.3, 
129.4, 129.5, 129.7, 130.4, 132.1, 135.3, 141.3, 143.8, 
144.1, 144.2. The spectral data coincided with those 
given in [25]. Mass spectrum: m/z 195 (Irel 100%)  
[M]+·. Found, %: C 74.02; H 4.57; N 21.39. C12H9N3. 
Calculated, %: C 73.83; H 4.65; N 21.52. 

b. A mixture of 0.042 g (0.2 mmol) of oxime 1 and 
0.013 g (0.2 mmol) of KOH · 0.5 H2O in 0.5 mL of 
DMSO was stirred for 2 h at 92–94°C. The mixture 
was cooled and diluted with brine (4–4.5 mL), 0.011 g 
(0.2 mmol) of ammonium chloride was added, and the 
mixture was extracted with diethyl ether (7 × 2 mL). 
The combined extracts were washed with water (2 ×  

3 mL) and dried over potassium carbonate, and the sol-
vent was removed. The residue was 0.009 g of a dark 
red powder which was a mixture of initial oxime 1 and 
amine 3 at a ratio of ~1 : 1 (1H NMR, CDCl3). 

The IR spectrum was recorded on a Varian 3100 
FT-IR spectrometer. The 1H and 13C NMR spectra 
were recorded on a Bruker DPX-400 spectrometer at 
400.13 and 100.6 MHz, respectively, using hexa-
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methyldisiloxane as internal standard (δ 0.05 ppm). 
The mass spectra (electron impact, 70 eV) were ob-
tained on a Shimadzu GCMSQP5050A instrument. 

This study was performed under financial support 
by the Council for Grants at the President of the 
Russian Federation (program for state support of lead-
ing scientific schools, project no. NSh-7145.2016.3) 
using the facilities of the Baikal Joint Analytical 
Center, Siberian Branch, Russian Academy of 
Sciences. 

REFERENCES 

1. Trofimov, B.A., Atavin, A.S., Mikhaleva, A.I., Kala- 
 bin, G.A., and Chebotareva, E.G., Zh. Org. Khim., 1973, 
 vol. 9, p. 2205. 
2. Mikhaleva, A.I., Shmidt, E.Yu., Protsuk, N.V., Zori- 
 na, N.V., and Trofimov, B.A., Dokl. Chem., 2008,  
 vol. 423, p. 273.  
3. Trofimov, B.A., Mikhaleva, A.I., Shmidt, E.Yu., Vasil’-
 tsov, A.M., Ivanov, A.V., Protsuk, N.I., and Ryapo- 
 lov, O.A., Dokl. Chem., 2010, vol. 435, no. 1, p. 307. 
4. Trofimov, B.A., Mikhaleva, A.I., Shmidt, E.Yu., and 
 Sobenina, L.N., Khimiya pirrola. Novye stranitsy 
 (Chemistry of Pyrrole. New Pages), Novosibirsk: Nauka, 
 2012. 
5. Trofimov, B.A., Mikhaleva, A.I., Schmidt, E.Y., and 
 Sobenina, L.N., Chemistry of Pyrroles, Boca-Raton: 
 CRC, 2014. 
6. Gonzalez, F., Sanz-Cervera, J.F., and Williams, R.M., 
 Tetrahedron Lett., 1999, vol. 40, p. 4519. 
7. Trofimov, B.A., Mikhaleva, A.I., and Nesterenko, R.N., 
 Zh. Org. Khim., 1978, vol. 14, p. 1119. 
8. Trofimov, B.A., Shapiro, A.B., Nesterenko, R.N., Mikha-
 leva, A.I., Kalabin, G.A., Golovanova, N.I., Yakovle- 
 va, I.V., and Korostova, S.E., Chem. Heterocycl. Compd., 
 1988, vol. 24, p. 285. 
9. Trofimov, B.A., Vasil’tsov, A.M., Mikhaleva, A.I., Kala-
 bin, G.A., Shcherbakov, V.V., Nesterenko, R.N., Poluben-
 tsev, E.A., and Praliev, K.D., Chem. Heterocycl. Compd., 
 1991, vol. 27, p. 1095. 

10. Trofimov, B.A., Zaitsev, A.B., Schmidt, E.Yu., Usha-
 kov, I.A., Vashchenko, A.V., and Zorina, N.V., Tetra-
 hedron Lett., 2004, vol. 45, p. 3789.  
11. Zaitsev, A.B., Shmidt, E.Yu., Vasil’tsov, A.M., Mikha-
 leva, A.I., Petrova, O.V., Afonin, A.V., and Zorina, N.V., 
 Chem. Heterocycl. Compd., 2006, vol. 42, p. 34. 
12. Vasil’tsov, A.M., Zaitsev, A.B., Mikhaleva, A.I.,  
 Shmidt, E.Yu., and Afonin, A.V., Chem. Heterocycl. 
 Compd., 2002, vol. 38, p. 60. 
13. Orlov, A.V., Khazipova, G.R., Komissarova, N.G., 
 Shitikova, O.V., Spirikhin, L.V., and Yunusov, M.S., 
 Chem. Nat. Compd., 2010, vol. 46, p. 906. 
14. Tedeschi, R.J., Encyclopedia of Physical Science and 
 Technology, Meyers, R.A., Ed., San Diego: Academic, 
 2001, 3rd ed., vol. 1, p. 55. 
15. Wang, Z., Comprehensive Organic Name Reactions and 
 Reagents, London: Wiley, 2009, part 3, p. 2793. 
16. Name Reactions in Heterocyclic Chemistry II, Li, J.J., 
 Ed., Hoboken: Wiley, 2011, p. 72. 
17. Trofimov, B.A., Korostova, S.E., Mikhaleva, A.I., Sobe-
 nina, L.N., Shcherbakov, V.V., and Sigalov, M.V., Chem. 
 Heterocycl. Compd., 1983, vol. 19, p. 231. 
18. Cookson, G.H., J. Chem. Soc., 1953, p. 1328. 
19. Trofimov, B.A., Curr. Org. Chem., 2002, vol. 6, p. 1121. 
20. Trofimov, B.A., Schmidt, E.Yu., Zorina, N.V., Ivano- 
 va, E.V., and Ushakov, I.A., J. Org. Chem., 2012,  
 vol. 77, p. 6880.  
21. Schmidt, E.Yu., Tatarinova, I.V., Ivanova, E.V., Zori- 
 na, N.V., Ushakov, I.A., and Trofimov, B.A., Org. Lett., 
 2013, vol. 15, p. 104.  
22. Schmidt, E.Yu., Trofimov, B.A., Bidusenko, I.A., Cheri-
 michkina, N.A., Ushakov, I.A., Protzuk, N.I., and 
 Gatilov, Y.V., Org. Lett., 2014, vol. 16, p. 4040. 
23. Trofimov, B.A. and Schmidt, E.Yu., Russ. Chem. Rev., 
 2014, vol. 83, p. 600.  
24. Schmidt, E.Yu., Ivanova, E.V., Tatarinova, I.V., Usha-
 kov, I.A., Semenova, N.V., Vashchenko, A.V., and Trofi-
 mov, B.A., Org. Lett., 2016, vol. 18, p. 2158. 
25. Borrero, N.V., Bai, F., Perez, C., Duong, B.Q.,  
 Rocca, J.R., Jin, S., and Huigens, R.W. III, Org. Biomol. 
 Chem., 2014, vol. 12, p. 881. 


		2017-03-01T11:12:44+0300
	Preflight Ticket Signature




