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The understanding of the chemistry of nitroalkenes has evolved rapidly since the 1980’s
based on their wide use for the synthesis of a variety of compounds; they are readily available, facili-
tate the formation of C-C bonds, and efficient methods are known for their transformation into other
functional groups.' It is also well known that nitration of alkenes (and aromatic compounds) can be
performed with nitrogen monoxide or nitrogen dioxide.? However, a mixture of NO/NO, (NOx) has
not been investigated as a nitrating agent. This mixture would have the advantage of being easily
generated® without the need for further purification or handling of costly cylinders which are subject
to stringent import regulation in some countries. Herein we report an alternative and convenient
procedure for the nitration at low temperatures of (Z)-3-R-alkyl-2-phenylpropenenitriles 1. When
such compounds were treated with NOx in the presence of iodine,’ the corresponding nitroalkenes
were obtained; some of these nitro compounds are available by nitration with NO,.® The NOx mixture
was easily prepared by the procedure of Schmid (THF and HNO,). Substituted 3-nitropropenenitriles
are the starting material for a new synthesis of 5-aminoisoxazoles,” which are interesting heterocyclic
compounds with important biological properties.?

H Ph NO,, I, H Ph
R CN CCly, -5° O,N ©CN
@)1 (Z)-2
R = Alkyl, aryl

When the 3-alkyl-2-phenylpropenenitrile 1a was treated with NOx in the presence of iodine
in carbon tetrachloride at -5°, the (Z)-3-nitro-2-phenylpropenenitrile 2a was obtained in 90% yield.
Application of this nitration procedure to other alkenenitriles 1b-h resulted in the formation of the
corresponding conjugated nitro olefins listed in Table 1.

The products were obtained exclusively with (Z)-geometry of double bond and no contami-
nation with the corresponding (E)-isomers was detected. Yields were comparable to those reported for
NO,,. In addition, for compounds 2e and 2f this is the first example of synthesis with nitrogen oxides
and in particular with NOx.

In conclusion, the use of mixed oxides as a nitrating agent for the synthesis of conjugated
nitroolefins from olefins is a comparable alternative to the existing procedures with the advantage of a
facile implementation.
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TABLE 1. Nitration of Alkenenitriles by Mixed Oxides of Nitrogen in the Presence of lodine

Product® R mp. (°C)" [Lit. mp.] Yield (%) [Lit.]¢
2a Phenyl 95-96[93.5] 90([89]

2b 4-Chlorophenyl 116[116] 85[85]

2 4-Methoxyphenyl 92(92] 90[90]

2d 4-Nitrophenyl 92[92] 75[70]

2e 2-Thienyl 90¢ 75

2f Styryl oil¢ 80

2 H 72[72] 75[80]

2h Methyl 115[115] 80[75]

a) Only the (Z) products were obtained, identified spectroscopically and mixture mps with known
compounds. b) Uncorrected. ¢) Unstable solid; HRMS m/z (M + 1) 256.0296 (Calcd for
C;H,N,0,8, 256.0306). d) Unstable oil; HRMS m/z (M + 1) 276.0891 (Calcd for CH )N,O,,
276.0899).
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TABLE. Spectral Data of Compounds 2

Prod. IR(cm™) EM m/z (Relative intensity) ‘HNMR (3, ppm; J, Hz)
2a 3061, 2931, 2220, 250 (M*, 18), 204 (100), 740 (br, s 10H)
1592, 1543, 1332 203 (84), 176 (60);
2b 3061, 2931, 2220, 284 (M, 22), 254 (25), 7.34(d,J =8.9,2H), 7.33 (m,
1592, 1543, 1332 238 (95), 203 (100), 77 (20) 5H),7.19(d,J = 8.9, 2H)
2 3119, 2862, 2223, 280 (M*, 50), 234 (100), 238 d8.19(d,J=8.9,2H), 7.45 (d,
1603, 1540, 1352 (95), 219 (40), 190 (62), 77 (17)  J=8.9,2H), 7.28 (m, 5H)
2d 2935, 2219, 1604, 280 (M, 50), 234 (100), 238 7.31 (m, 5H), 7.14 (d, ] = 9.0,
1538, 1333, 1260 (95), 219 (40), 190 (62), 77 (17)  2H), 6.80 (d, ] =9.0, 2H),
3.79 (s, 3H)
2e 3040, 2932, 2255, 256 (M*, 50), 210 (100), 7.03(t,1=59,3.8, 1H),7.17
1602, 1545, 1331 177 (35), 164 (55), 77 (37) (dd, J=338, 1.1, 1H), 7.50
(br, s, 5H), 7.63 (dd, J=5.9,
1.1, 1H)
2f 3100, 2225, 1638, 276 (M*, 20), 230 (100), 7.45 (m, 8H) 7.56 (br, s, 1H),
1517, 1346, 1317 203 (98), 101 (30), 77 (45) 7.68 (m, 2H), 8.35 (br, s, 1H)
2g 3030, 2925, 2239, 174 (M*, 30), 126 (100), 7.40 (br, s, SH), 7.85 (s, 1H)
1529, 1448, 1348 99 (65), 77 (50)
2h 2885, 2220, 1630, 280 (M*, 1), 115 (100), 7.51 (m, 5H), 2.41 (s, 3H)

1536, 1333

140 (59), 103 (52)

Compounds 2e, 2f and 2g were characterized by spectroscopic means (IR, mass and NMR).

EXPERIMENTAL SECTION

Melting points were determined using a Fisher-Johns apparatus and are uncorrected. Infrared spectra
were measured with a Nicolet FT-IR 55X instrument. Proton NMR spectra were obtained on a Varian
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VXR-300S, 200MHz spectrometer using TMS as an internal standard. Low-resolution mass spectra
were recorded on a Hewlett-Packard 5985-B (70 ev) mass spectrometer.

Typical Procedure.- A stirred solution of 2.05 g. (10 mmol) of 1a and 0.10g of iodine in 100 mL of
carbon tetrachloride was cooled in an ice-bath (-5°). The mixed oxides (NOx)? gas was passed into the
solution over 2 hours. After gas addition, stirring was continued for one hour in the cold at -5°. The
reaction mixture was extracted with 10% sodium thiosulfate solution until disappearance of the iodine
color, washed with a saturated sodium hydrogen carbonate solution and water, and dried over sodium
sulfate. The residue obtained on evaporation of the organic solvent was recrystallized from ethanol to
give 2.24 g (90%) of 2a, mp. 95-96°. The progress of the reaction was monitored by TLC.
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No. IN214996. We also thank L. Velasco Ibarra and F. Javier Pérez Flores for technical support.
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