One-pot Synthesis of 2-Nitro-4 ,5-dicyano-1 H-imidazole

743

XEHE: 1006-9941(2011)06-0743-02

One-pot Synthesis of 2-Nitro-4 ,5-dicyano-1 H-imidazole

XU Cheng', Bl Fu-giang', FAN Xue-zhong', LI Ji-zhen', WANG Bo-zhou', GE Zhong-xue', LIU Qing' , ZHANG Guo-fang’
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Key Laboratory of Applied Surface and Colloid Chemistry, Ministry of Education/School of
Chemistry & Chemical Engineering, Shaanxi Normal University, Xi’an 710062, China)

In the last few decades, nitroimidazoles have been
investigated mostly due to their properties as antibiotics,
radiosensitizers and anti-protozoans'' 7>'. Recently these nitro-
imidazoles, such as 2, 4-dinitroimidazole, 1-methyl-2, 4, 5-
trinitroimidazole and their energetic salts, have attracted
renewed attention for their favorable explosive performance as
well as improved safety characteristics'**!. Because of the
activity of cyano group, 2-nitro-4, 5-dicyano-1H-imidazole
(NDCI) could be used as an intermediate in the synthesis of
novel energetic materials containing nitroimidazole moiety.

NDCI has been synthesized by the procedure given by
Yixin Lu and coworkers'®' | where the diazotization reaction
and the Sandmeyer reaction were separately achieved. NDCI
was obtained by adding a solution of sodium nitrite to 2-diazo-
4, 5-dicyanoimidazole which was generated by diazotization
of 2-amino-4, 5-dicyano-1H-imidazole ( ADCI) with sodium
nitrite in water-hydrochloric acid and collected by filtration.
Dry 2-diazo-4, 5-dicyanoimidazole was so sensitive to shock
that its separation may cause explosion'’’.

In order to develop a simple and safe synthetic method, a
one-pot synthesis of NDCI was accomplished without the
treatment of shock-sensitive 2-diazo-4, 5-dicyanoimidazole
intermediate ( Scheme 1). The transformation of ADCI to
NDCI was achieved by direct reaction of 2-diazo-4, 5-
dicyanoimidazole, which was generated in a mixture of
sodium nitrite and ADCI in mineral acid in situ at low temper-
ature, with the excess nitrite anion in the reaction mixture.
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Scheme 1

The synthetic method was as follows: to mixture of sodi-
um nitrite 10. 455 g, 150 mmol, 2-amino-4,5-dicyano-1H-
imidazole (2.058 g, 15 mmol) in 24 mL H,O, the mineral
acid was added dropwise at low temperature. The mixture was
heated slowly to 40 °C, kept for 4 h, and extracted with ethyl
acetate. The extract was evaporated to dryness and purified by
flash column chromatography (ethyl acetate as eluent). Yield
90.5%. "*C NMR (DMSO-d,, 125 MHz) , §: 114. 18
(2C), 119.23 (2. C), 156.82 (1C); "N NMR (DMSO-d,,
50 MHz) , &: 263.31, 268.61, 360.73; IR (KBr, cm™'),
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v: 3474, 3384, 3303 (N—H) , 2250 ( C=N ), 1689
(N—H), 1550(NO,, asym. ), 1397 (NO,, sym.).

The IR spectrum in KBr of NDCI showed the N—H stretching
at 3303 cm ~'. The broad and intense band at 2250 cm ™' may
be assigned to the stretching vibration of the C=N bond.
Two bands at 1550 and 1397 cm ™' indicate the presence of
nitro groups in the compound. In the *C NMR spectrum of
NDCI in DMSO-d, solution (125 MHz), the two signals at
114.18 and 119.23 correspond to the carbon of cyano groups
and the 4-, 5-carbon of the imidazole ring, while a signal at
156.82 is ascribed to the 2-carbon of the imidazole ring. The
"N NMR spectrum showed a signal at 263.31 which can be
assigned to the nitrogen of the cyano groups. The signal at
268.61 and 360. 73 can be ascribed to the nitrogen of the
imidazole ring. A total of three signals appeared in the "C or
"N NMR spectrum confirms the symmetrical nature of the
molecule, where the proton is delocalized over the imidazole
ring. This structure assignment is also confirmed by its single-
crystal X-ray diffraction analysis. In addition, the X-ray
analysis showed the presence of rich intermolecular hydrogen
bonds in the crystal structure of NDCI (Fig. 1)

o\\ Qi f“5“\,__ _
@l = o ‘5}%{
? "-'_ "3

O’/Y \. &

Fig.1 The packing diagram of NDCI

In summary, using ADCI and large excess sodium nitrite
as the raw materials, the one-pot synthesis of NDCI was
reported, which has advantages of safety and simple
operation, and its molecular structure was characterized by
IR, "C NMR, "N NMR and X-ray diffraction analysis.
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