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Abstract

The condensation of furfural with nitromethane was conducted in sodium tertiary butoxide. The product’s characterization was assessed by 1H and 13C NMR spectra showed that the reaction product was always 2-(2-Nitrovinyl) furan. Thus, the product is crystalline yellow. According to the thermal analysis, the product’s melting point was between 68oC and 700C.  2-(2-Nitrovinyl) furan showed to be more powerful anti-microbial than the conventional ones Ridomil plus, Benomyl, Streptomzin, Tetracycline and Amphiciline.
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INTRODUCTION
Furfural is an intermediate chemical substance used in synthesizing a range of more specialized chemical products, such as furfural alcohol, resin, adhesive, flavouring and as a precursor for many special chemicals12.
The chemistry of furfural is that of an aromatic aldehyde, with other reactions due to the dienic character of the furan ring.4 Furfural condensed with nitromethane in a weak basic medium sodium tertiary butoxide. The presence of NO​2​​ has been postulated to account for the strong anti-microbial activity of 2-(2-Nitrovinyl) furan7. Historically, it was aromatic nitro compounds that were prominent in organic synthesis. In fact they have been extensively used as precursors of aromatic amines and their derivatives, and their great importance in industrial and laboratory applications has remained. The most important progress in the chemistry of nitro compounds is the improvement of their preparations. In recent years, the importance of aliphatic nitro compounds has greatly increased, due to the discovery of new selective transformations10.

MATERIALS AND METHODS:

Material:

Freshly distilled furfural, Nitromethane, sodium metals, tert butanol, pressure pump, Buchner funnel, filter paper, magnetic stirrer and distilled water.

Method:
PREPARATION OF 2-(2-NITROVINYL) FURAN
0.13 g of sodium metal was reacted with 10ml of freshly distilled tertiary butanol. This was stirred with the aid of magnetic stirrer to quicken the reaction. Then 0.61 g of nitromethane was added and latter 0.96 g of freshly distilled furfural was added. The mixture became cloudy when stirred with magnetic stirrer for about 30 minutes. The cloudiness disappeared when the reaction was stopped with dilute HCl (1:1) and turned to clear yellow solution, then water was added until the clear solution became opaque and then stirred for about two(2) minutes. The yellow crystal started forming after some minutes. It was then kept in a refrigerator. The crystal was then filtered under reduced pressure.
 The crystal was dissolved in chloroform and spotted on a thin layer plate, developed in toluene and retention factor (Rf) was 0.88. The melting point was determined to be between 68oC and 70oC using capillary tube method. 

 ANTIMICROBIAL ACTIVITY OF 2-(2-NITROVINYL) FURAN
The bacterial used for this experiment include Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhimorium. All the bacteria were cultured aerobically at 370C for 24 hours on peptone water and antimicrobial tests were carried out on the nutrient agar plates. Agar well diffusion methods of Norrel and Messely (1997) was used.   Pure isolate of each bacterium was cultured in peptone water for 18-24 hours. Control plates were also set up using methanol and standard antibiotics such as Streptomycin sulphate, Tetracycline and Amphicilin.
While the fungi used were Fusarium solani, Cercosspora cucurbitarium and the yeast Candida albican. 2ml of each sample were aseptically mixed with 15ml of sterile molten potatoes dextrose agar (PDA) that have cooled to 450C before pour-plated and allowed to solidify at ambient temperature. The fungi were inoculated at the centre of the plates with the aid of 4mm cork borer, sterile needle and syringes. Benomyl and Ridomil plus were standard antifungal agents used as control at 0.25g/ml, methanol impregnated plates were equally prepared. Another control without any treatment was also set up and inoculated as well. All the plates were incubated at 270C for 144 hours. While mycelia growths were measured at 24 hours interval and calculated in percentage.
Proton and Carbon-13 (13C) NMR Spectrometry. 

Spectrometry is the selective absorption of very high-frequency radio waves by certain atomic nuclei subjected to a strong stationary magnetic field. Nuclei that have at least one unpaired proton or neutron act like tiny magnets. When a strong magnetic field acts on such nuclei, it sets them into precession. When the natural frequency of the precessing nuclear magnets corresponds to the frequency of a weak external radio wave striking the material, energy is absorbed by the nuclei at a frequency called the resonant frequency. NMR is used to study the molecular structure of various solids and liquids. Magnetic resonance imaging, or MRI, is a version of NMR used in medicine to view soft tissues of the human body in a hazard-free, noninvasive way. All stable isotopes that contain an odd number of protons and/or of neutrons have an intrinsic magnetic moment and angular momentum, in other words a nonzero spin, while all nuclides with even numbers of both have spin 0. The most commonly studied nuclei are 1H (the most NMR-sensitive isotope after the radioactive 3H) and 13C, although nuclei from isotopes of many other elements (e.g. 2H, 10H, 11B, 14N, 15N, 17O, 19F, 23Na, 29Si, 31P, 35Cl, 113Cd, 129Xe, 195Pt) are 

studied by high-field NMR spectroscopy as well(1,6,8,9). The proton (1H) and Carbon-13 (13C) spectra of 2-(2-Nitrovinyl) furan are showed below as figure 1 and 2 below.
RESULT AND DISCUSSION:
STRUCTURE OF 2-(2-NITROVINYL) FURAN

 [image: image1.emf]
The molecular formulae of 2-(2-Nitrovinyl) furan is C6H5NO3 and from this the molecular weight is 139 g.
Figure 1:    Proton NMR of  2-(2-NITROVINYL) FURAN
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The furan ring appeared between ð 7.4 and ð7.8 while the 2 CH appeared at ð 6.5 and ð6.9 respectively5.
Figure 2: Carbon 13 NMR (13C) of 2-(2-NITROVINYL) FURAN
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The quarternary carbon numbered 2 appeared at ð 146.8, the 3 CH numbered 3, 4 and 5 appeared at ð 113.6, ð 120.3 and ð 147.1 respectively. The CH that attached to furan ring at carbon 2 appeared at ð 135.0 while that CH that attached to the nitro (NO2) group appeared at ð 125.75. this result confirmed that 2-(2-Nitrovinyl) furan was actually synthesised by condensing furfural with nitromethane in a basic medium (sodium tert butoxide).
THE RESULT OF ANTIMICROBIAL ACTIVITIES OF 2-(2-NITROVINYL) FURAN
Table 1: Zone of inhibition (%) after 24hours of incubation:
	Isolates
	2-(2-Nitrovinyl)furan
	Streptomzin
	Tetracycline
	Amphicilin
	Methanol

	S. aureus
	96
	56
	48
	48
	Nil

	E. coli
	80
	40
	40
	14
	Nil

	S. typhi
	100
	64
	56
	44
	Nil

	P. auregniosi
	96
	70
	60
	28
	Nil


Looking at the table 1 above, Standards antibiotic used are Streptomzin, Tetracycline and Amphiciline. The synthesized product was 2-(2-Nitrovinyl) furan.

We realized that the zones of inhibition of the 2-(2-Nitrovinyl) furan are almost double of the zones of inhibition of the standards antibiotics. For instance, where the synthesized product had 96%, Streptomzin had 56%, Tetracycline had 48% and Amphiciline also had 48%. Therefore, the table shows that 2-(2-Nitrovinyl) furan is more powerful anti-bacteria than the standards used.  
Table 2:  The result of Fungi Growth inhibition (%) after 72hours of incubation:

	Isolates
	2-(2-Nitrovinyl)furan
	Benomyl
	Ridomil plus
	Methanol

	C.cucurbitarium
	100
	95
	85
	Nil

	F.morinliform
	100
	100
	90
	Nil

	C. albican
	100
	90
	90
	Nil


Looking at this table 2, we could also see that 2-(2-Nitrovinyl) furan still had 100% fungi growth inhibition where Benomyl and Ridomil plus had less than 100%. Without doubt this product is powerful than these standards.
CONCLUSION:
It could be concluded that furfural undergoes condensation reaction with active methyl groups like nitromethane and because of the presence of nitro-group in the synthesized compound (2-(2-Nitrovinyl) furan, it exhibited very strong anti-microbial activity. Perhaps the conjugation in the structure accounts for the yellow colour of the compound.
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