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It has been shown that reactions 5-substituted 2-nitrothiophenes with arylacetonitriles in the presence

of potassium hydroxide in methanol lead to the formation of the new [2-(hydroxyimino)-5-R-3(2H)-thie-
nylidene](aryl)acetonitriles. Under proposed reaction conditions, the formation of thieno[2,3-c]isoxazole
was not the case.
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INTRODUCTION

Activated role of nitro group in the nucleophilic sub-

stitution is well known. However, reactions with directly

participating nitro group where it is reduced to nitroso

group under nucleophilic substitution have been men-

tioned rarely. Davis and coworkers have found that

para-unsubstituted nitrobenzene with phenylacetonitrile

led to produce oxime 1 [1], but para-substituted nitro-

benzenes give the benzo[c]isoxazoles 2 [2] (Fig. 1).

Then similar reactions of nitrobenzenes have been car-

ried out [3–10].

Recently, some nitroheteroarenes such as 4-nitroimid-

azoles and 4-nitropyrazoles have been used in the

reactions with nucleophiles in the presence of sodium

methoxide–methanol system. So, condensation of phe-

nylacetonitrile with 4-nitro-2-methyl-1-benzylimidazole

and 4-nitro-1-phenylpyrazole gave corresponding oxime

3 and methylated oxime 4 [11] (Fig. 2).

Such direction of substitution in nitroheteroarenes is

unusual. In spite of neighbor to nitro group carbon is

attacked by phenylacetonitrile carbanion, no formation

of annulated isoxazole ring resembling benzo[c]isoxa-
zole 2 has been observed.

Among the five-membered heteroarenes, thiophene

is considered to be closest analogue to benzene. Thus,

one would expect that reactions nitrothiophene with

arylacetonitriles should proceed in similar way. 2-Nitro-

thiophene has been already used in such reaction to pro-

duce oxime 5 [11] (Fig. 2).

RESULTS AND DISCUSSION

Owing to similarity between nitrobenzene and 2-nitro-

thiophene, it was decided to investigate the behavior of

5-substituted 2-nitrothiophenes under conditions pro-

posed by Devis [2].

Reactions of 5-iodo-2-nitrothiophene 6 with arylaceto-

nitriles 7 a–d in the presence of potassium hydroxide in

methanol have been carried out. On the basis of the IR,
1H-NMR, 13C-NMR, and mass spectra, we conclude that

obtained products are oximes 8a–d (Scheme 1). The for-

mation of thieno[2,3-c]isoxazole 9 is not observed.

The 1H-NMR spectrum of compound 8d consist of

singlet at 6.93 ppm for thiophene proton, two doublets at

7.44 and 7.64 ppm for both pairs of 3,5-protons and 2,6-

protons of phenyl and singlet at 13.24 ppm for oxime

proton. The other oximes 8a–c have similar spectra.

The attempts to obtain the 5-iodo-2-thienonoximes

from (o-methyl)- and (o-chloro)arylacetonitrile were

unsuccessful that to be explained by steric hindrance of

orto-substituent of arylacetonitriles. The literature [5,6]

mentioned that analogous arylacetonitriles react with 4-
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substituted nitrobenzenes to give a complex mixture of

products.

5-Iodo-2-nitrothiophene 6 has been used to obtain 5-

aryl-2-nitrothiophenes 10a, b by Suzuki reaction. The lat-

ter with arylacetonirtiles in mentioned condition lead to

formation of corresponding oximes 11a, b (Scheme 2).

Probably the reason for arylacetonitriles react with 2-

nitrothiophene different from nitrobenzene is difference

between dimensional structure of these compounds. The

angle between two substituents located in 2 and 3 posi-

tion of thiophene is larger (72�) than analogical angle

between ortho-substituents in benzene (60�). The larger

distance between neighboring substitutions in thiophene

accounts for less stability of thienoisoxazoles system in

contrast with benzisoxazoles. Literature review inform

that thieno[2,3-c]isoxazole has not been synthesized yet,

but the methods of obtaining thieno[2,3-c]isothiazoles
[12,13] and thieno[2,3-d]isoxazoles [14] are known.

The results obtained by us and other researchers lead

to conclusion that nitro five-membered rings which can

be attacked by nucleophile only into quasi-ortho-posi-
tion should react with arylacetonitriles to produce oxime

derivatives. However, isoxazole ring may be formed

with the use of nitro derivatives of six-membered rings.

The results of X-ray crystallography analysis of com-

pound 11a have shown the presence of one E-anty-iso-
mer in the oxime crystal [15]. Based on 1H-NMR spec-

tra of 8, 11 and crystallography data of 11a, it was sup-

posed the formation of one E-isomer for all compounds

Figure 1. The products formed in the reactions of phenylacetonitrile

with para-unsubstituted (1) and para-substituted (2) nitrobenzene.

Figure 2. The products formed in the reactions of phenylacetonitrile with five-membered nitroheteroarenes.

Scheme 1
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8 and 11 that can have both syn- and anty-isomers in so-

lution but only one anty-isomer in crystal.

The formation of oxime from 2-nitrothiophene is a

proof of Davis suggestion [2] that nitro group is reduced

to the nitroso group followed by benzisoxazole

production.

EXPERIMENTAL

1H-NMR and 13C-NMR spectra were recorded on a Varian

Mercury 400 instrument (400 MHz for 1H). The 1H chemical
shifts were reported in parts per million relative to tetramethyl-
silane or deuterated solvent as an internal reference. Electron
impact (EI) mass spectra were determined on AMD-604 mass
spectrometer operating at 70 eV. IR spectra were recorded on

Perkin Elmer Spectrum 2000.
General procedure for the reactions of 5-substituted 2-

nitrothiophenes 6 or 10a,b with arylacetonitriles 7a–e.

Potassium hydroxide (3.36 g, 0.06 mol) was dissolved in meth-
anol (40 mL), and then, arylacetonitrile 7 (0.01 mol) was

added. To this solution, a nitrothiophene 6 or 10 (0.01 mol)
dissolved in hot methanol was added. The solution was stirred
at room temperature. When precipitate has been appeared, the
mixture was diluted by water and acidify by acetic acid. The

precipitate was isolated by filtration, washed with water and
dried. The product was purified by recrystallization from etha-
nol or ethanol-DMFA mixture. All compounds 8 melting with
decomposition.

[2-(Hydroxyimino)-5-iodo-3(2H)-thienylidene](4-methylphe-

nyl)acetonitrile (8a). This compound was obtained in yield
53%. m.p. 187–190�C. 1H-NMR (DMSO-d6): d 2.40 (s, 3H,
CH3), 6.92 (s, 1H, 4-H thiophene), 7.28 (d, 3J ¼ 7.6 Hz, 2H,
3,5-H2 C6H4), 7.37 (d, 3J ¼ 7.6 Hz, 2H, 2,6-H2 C6H4), 13.12
(s, 1H, ¼¼NAOH). Anal Calcd. for C13H9IN2OS: C, 42.41; H,

2.46; N, 7.61. Found C, 42.13; H, 2.33; N, 7.82.
[2-(Hydroxyimino)-5-iodo-3(2H)-thienylidene](4-fluorophe-

nyl)acetonitrile (8b). This compound was obtained in yield
67%. m.p. 163–167�C. 1H-NMR (DMSO-d6): d 6.90 (s, 1H, 4-
H thiophene), 7.23–7.28 (m, 2H, 2,6-H2 C6H4), 7.53 (dd, JHH
¼ 8.8 Hz, JHF ¼ 5.8 Hz, 2H, 3,5-H2 C6H4), 13.19 (s, 1H,
¼¼NAOH). Anal Calcd. for C12H6FIN2OS: C, 38.73; H, 1.63;
N, 7.53. Found C, 38.84; H, 1.58; N, 7.48.

[2-(Hydroxyimino)-5-iodo-3(2H)-thienylidene](4-chlorophe-

nyl)acetonitrile (8c). This compound was obtained in yield
66%. m.p. 198–202�C. 1H-NMR (DMSO-d6): d 6.90 (s, 1H,

4-H thiophene), 7.45 (d, 3J ¼ 8.8 Hz, 2H, 3,5-H2 C6H4), 7.48
(d, 3J ¼ 8.8 Hz, 2H, 2,6-H2 C6H4), 13.19 (s, 1H, ¼¼NAOH).
Anal Calcd. for C12H6ClIN2OS: C, 37.09; H, 1.56; N, 7.21.
Found C, 36.88; H, 1.52; N, 7.44.

[2-(Hydroxyimino)-5-iodo-3(2H)-thienylidene](4-bromophe-

nyl)acetonitrile (8d). This compound was obtained in yield
61%. m.p. 221–222�C. 1H-NMR (DMSO-d6): d 6.93 (s, 1H, 4-
H thiophene), 7.44 (d, 3J ¼ 8.8 Hz, 2H, 3,5-H2 C6H4), 7.64 (d,
3J ¼ 8.8 Hz, 2H, 2,6-H2 C6H4), 13.24 (s, 1H, ¼¼NAOH). Anal
Calcd. for C12H6BrIN2OS: C, 33.28; H, 1.40; N, 6.47. Found

C, 33.11; H, 1.49; N, 6.25.
[2-(Hydroxyimino)-5-phenyl-3(2H)-thienylidene](phenyl)

acetonitrile (11a). This compound was obtained in yield
55%. m.p. 180–183�C; IR: 3296 OH, 2193 CN, 1652 NO

cm�1; 1H-NMR (DMSO-d6): d 7.01 (s, 1H, 4-H thiophene),
7.42–7.47 (m, 4H, C6H5), 7.50–7.54 (m, 2H, C6H5), 7.55–7.60
(m, 4H, C6H5), 13.11 (s, 1H, ¼¼NAOH); 13C-NMR (Acetone-
d6): 149.23, 146.78, 135.73, 132.32, 131.16, 129.64, 129.42,
126.89, 119.25, 117.93; MS: m/z 304 (Mþ), 287 (MþAOH),

227 (Mþ-Ph), 121 (PhCSþ), 77; Anal Calcd. for C18H12N2OS:
C, 71.03; H, 3.97; N, 9.20. Found C, 70.82; H, 3.90; N, 9.33.

[2-(Hydroxyimino)-5-(2-ethoxyphenyl)-3(2H)-thienylidene]

(phenyl)acetonitrile (11b). This compound was obtained in
yield 49%. m.p. 225–227�C. 1H (DMSO-d6): d 1.29 (t, 3J ¼
6.8 Hz, 3H, CH3), 4.07 (q, 3J ¼ 6.8 Hz, 2H, CH2), 6.98 (t, 3J
¼ 7.6 Hz, 1H, 5-H C6H4), 7.04 (d, 3J ¼ 8.3 Hz, 1H, 3-H
C6H4), 7.36 (d, 3J ¼ 7.6 Hz, 1H, 6-H C6H4), 7.39 (s, 1H, 4-H
thiophene), 7.43 (d, 3J ¼ 7.6 Hz, 2H, 2,6-H2 C6H5), 7.47–7.56
(m, 4H, C6H5 þ C6H4), 12.97 (s, 1H, ¼¼NAOH); Anal Calcd.

for C20H16N2O2S: C, 68.95; H, 4.63; N, 8.04. Found C, 68.66;
H, 4.48; N, 7.92.

REFERENCES AND NOTES

[1] Davis, R. B.; Pizzini, L. C.; Benigni, J. D. J Am Chem Soc

1960, 82, 2913.

[2] Davis, R. B.; Pizzini, L. C. J Org Chem 1960, 25, 1884.

[3] Davis, R. B.; Pizzini, L. C.; Bara, E. J. J Org Chem 1961,

26, 4270.

[4] Makosza, M.; Zielinska, A. Roczniki Chemii 1972, 46, 955.

[5] Vejdelek, Z.; Rajsner, M.; Dlabac, A.; Ryska, M.; Holubek,

J.; Svatek, E.; Protiva, M. Collect Czech Chem Commun 1980, 45,

3593.

[6] Vejdelek, Z.; Holubek, J.; Ryska, M.; Koruna, I.; Svatek,

E.; Budesinski, M.; Protiva, M. Collect Czech Chem Commun 1987,

52, 2545.

Scheme 2

November 2011 1373Oximes as Products in the Reactions of 5-Substituted 2-Nitrothiophenes

with Arylacetonitriles

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



[7] Orlov, V. Y.; Kotov, A. D.; Kopeikin, V. V.; Orlova, T. N.;

Rusakov, A. I.; Mironov, G. S. Russ J Org Chem 1996, 32, 1332.

[8] Orlov, V. Y.; Kotov, A. D.; Rusakov, A. I.; Bystryakova,

E. B.; Kopeikin, V. V.; Mironov, G. S. Russ J Org Chem 1998, 34,

538.

[9] Orlov, V. Y.; Sokovikov, Y. V.; Kotov, A. D.; Starikov, A.

A. Russ J Org Chem 2000, 36, 1735.

[10] Orlov, V. Y.; Sokovikov, Y. V.; Kotov, A. D. Russ J Org

Chem 2002, 28, 100.

[11] Suwinski, J.; Swierczek, K.; Wagner, P.; Kubicki, M.; Bor-

owiak, T.; Slowikowska, J. J Heterocycl Chem 2003, 40, 523.

[12] Gewald, K.; Hentschel, M.; Heikel, R. J Prakt Chem 1973,

315, 539.

[13] James, F. C.; Krebs, H. D. Aust J Chem 1982, 35, 385.

[14] Binder, D.; Noe, C. R.; Holzer, W.; Baumann, K. Arch

Pharm 1987, 320, 837.

[15] Rad, N.; Teslenko, Y.; Obushak, M.; Pavlyuk, V.; Marci-

niak, B. Acta Crystallogr 2010, E66, o1924.

1374 Vol 48N. I. Rad, Y. O. Teslenko, M. D. Obushak, V. S. Matiychuk, and R. Z. Lytvyn

Journal of Heterocyclic Chemistry DOI 10.1002/jhet


