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Introduction

Nitrofurantom (M- 3-niro-2-furfurdidenc j-1 -aminohydentom) s antinecrobial compound. used extensively
a5 a prophylachc for wnnary tract mfections m humans and eomals (Maaland and Guordabasss, 2001, It s
reparted that the modes of setion underhing DN A domage or cytotoxcity induced by mitmoferantoin m rodent
Iver and lungs may involve ROS generation by reductson 1o mitro mdicsl anson {Suntres and Shek. 1993), A
recent siudy showed that the drug exbabats carcinogenicity in the Kidneys of male mts snd the structure of the
niire furan playvs a key role in the induced genotoxscity (K .gima et al., 2015),

Diespite these drawbacks. new nitrofurun derivatives are still being developed as antimicrobial sgents
{Zora et al.. 2004). Theretore. mmproved knowledge on the strecture and reactivity of nitrofurantom
radical anon could help reduce ithe toxicity of the new mitrofuran antimicrobial agents.

This reports motvated us o generate electrochemically the mitre mdical amon of nitrofurantoin end study 1=
chemscal stricture by spectroscopic IR methods and DFT computatons.

Material and Methods

The electrochemical generation of mitrofurnntom rmedical amon wos performed 10 o special CaF, cell,
provided with plotinum electrodes build in the polyethvlene spacer. 4.5 V were applied o the cothode
in the soluton cell containmg 0.1 mol/l nitrofurantomn and equimolar amount of tetmethy lammonium
bromide 1n DMSo-d,, The IR spectrn were measured on a Brucker Tensor 27 FT spectrometer ol a
resotution of 2 em™”’ and 64 scans,

All theoretical calculutions were performed using the Guoussian 09 packare of progrums. Geometry
optimizstion and vibmtional frequencies were performed by analvtical pradient technique without any
symmetry construnt af DFT B3LYP/6-31 | 4G 2dLp)-IEFPCM level of theory.

Resolts and discussion

The miual IR spectrum of mitrofursntion m DMSO-d6 solunon, comtmnming tetracthylsmmoniwm
bromide as electrolvte salt, showed that the asymmetne and symmetne stretching vibmtions of the
nitro group are observed at 1521 and 1350 em-1. The stretching vibration of the N-C bond linking the
nitro group to the fumn nng s found at rather high wavenumber - 1211 em-1, mespectively. A few
minutes after spplving the current. the solution in cathode spoce become brown, and the bands of the
anion radical of nitrofurantom appeared in the IR spectrum. More prolonged electrolysis {75 min)
caused strong increase of the bands of the mion radical, while the bands of the neutral compound
vamished. Reversal in the polanty of the electrolysis cell resulied in grodunl decresse of the 1R bands
of the mdical anion and resppeamance of the nevtml molecule shsorptions. Afler 75 mun of reversed
electrolysis the imtial spectrum of the parent compound wos completely restored without the presence
of pny additional TR bands. This fact unambiguously demonstrates that the observed spectral changes
are due 1o the reduction of nitrofurantoin o radical amon and not to chemical transformation w other
products.

The conversion of mirofurantoin into redical amon s related (o strong frequency decreases i the
assymetric N-0 stretiching: AvasiMNO2) = 220 cm-1, strong frequency decreases in the symetnc N-0
streiching: Avs(MO2}) = 209 cm-1 and strong frequency increase in C-NO2 streiching: AWC-N02) =
273 cm-1. Based on the caleulated spin density, the odd electron is localized muinly on the mitro group
{ca. 70 %) and m smuller extends — on the furan nng (e, 30 %4}, The radical amon formation leads to
simultasneous shorenmg of the C-N bond and lengthening of the N-O bonds.

Conclhusion

The observed frequency shifts ansng from the conversion of nitmofurantom mte radical amon are
larger then those found with the conversion of dinrrobeneenes and cvancbenzomtriles. It 1= evidence



that larper structural varmbons in the mirofurnm mowety occur upon converseon o redical amon than
in case of dimitrobenzenes and nitrobenonitnles, The localizstion of the spin density over the nitro
group s a sign for high resctivity of the formed nitrofuniniom radicel anion and strong obility 1o
initinte production of vanous ROS v electron donabon,
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