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ABSTRACT 

ESR spectra of anion radicals for 29 derivatives of 5-nitrofuran, electrochemically 
generated in situ, have been obtained and studied. Using spectral HFS constants and 
quantum chemical model parameters (INDO), the structures of o- and n-electron systems 
of 2-nitrofuran and its anion radical have been investigated. Furan ring substituent effects 
on lone electron distribution have been estimated. On :he lone eiectron level, transmission 
of substituent effects through the ring has been found to be higher in the case of furan, 
and lower in the case of thiophene and selenophene, with respect to the benzene ring. 
Delocalization of the lone electron in various ring-attached substituents has been eluci- 
dated. Kinetic studies of radical decay showed a rise in stability with increasing delocali- 
zation of the lone electron. 

INTRODUCTION 

Redos properties of 5-nitrofuran derivatives determine the biological 
activity of these compounds, thus determining also the possibility of their 
wide use in medical practice as antibacterial drugs [l] , as well as further 
search for antiblastic [Z] and radiosensitizing [3] agents among compounds 
of this series. Studies of structure and properties of intermediary particles 
formed during the reduction process of 5nitrofuran derivatives are there- 
fore of considerable importance. 

Electrochemical reduction of these compounds in nonaqueous medium 
(DMF) leads to radicals, dianions 

_ 
These been detected only 

fre@ anion radicals is it possible to investigate the structure of 
these particles in the reaction mixture by means of ESR spectrometry. 
Anion radicals of some thirty 5-nitrofuran derivatives were electrochemically 
generated, ESR spectra were obtained, and the hyperfine structure (HFS) of 
the latter determined, thus ascertainilg the structural peculiarities of these 
radicals_ 
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Electrochemical generation (ECG) of free anion radicals was effected in 
DRIF or in DMF- -water mixture. The solutions were deoxygenized by means 
of dry argon blown through them, or by means of vacuum pumping. The 
samples contained the substance under investigation in 10m3 M concentra- 
tion, that of the supporting electrolyte being 10-l RI. Purity of the com- 
pounds was tested by melting point and by means of high-speed liquid 
chromatography. The DMF was purified according to [5] _ 

The anion radicals of the initial 5nitrofuran compound molecules were 
generated in stationary regime on a mercury or platinum electrode at limit- 
ing current potential of the first polarographic wave in the ECG cell posi- 
tioned inside a rectangular resonator H,,1 of an ESR spectrometer ER-9 
(Carl Zeiss Jena, G.D.R.) [6], at O.CQ G S-I magnetic field scanning rate, 
0.45 s registering time constant, and 0.05-0.9 G depth of high-frequency 
(100 kHz) modulation of magnetic field. The magnetic field scan was cali- 
brated by means of the ESR spectrum of nitrobenzene anion radical [7] _ 
g-Factor values of free radicals were found after [8] _ Stability of anion 
radicals was determined according to [ 91, using the method of ECG of 
radicals inside the ESR spectrometer resonator or outside the latter [IO’. 
Mathematical treatment of the ESR spectra (simulation, cepstral analysis) 
was done on a HP 2116 C mini-computer coupled to an ER-9 spectrometer 
to form an on-line system [ ll] INDO calculations were conducted as pre- 
viously described [ 121 _ 

RESCLTS AND DISCUSSION 

Anion radicals of 2-nitrofuran 

At the Lst stage of electrochemical reduction of 2-nitrofuran molecules, 
primary anion radicals, products of one-electron transfer, are formed 

as indicated by the appearance of corresponding anodic and cathodic peaks 
on cyclic voltammetric curves [ 41 . 

These radicals, obtained during ECG process, can be registered by ESR 
without difficulties. The signals obtained in the ESR spectra of these radicals 
are of sufficiently high intensity, and the spectrum itself reveals well resolved 
HFS due to interaction between the lone electron with all pammagnetic 
nuclei present in the anion radical (‘H, I4 N) (Fig. 1). An analysis of this ESR 
spectrum shows that the HFS is due to 3, - 2, - 2, - 2, _ The HFS constant 
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Fiz. 1. Full experimental and reconstructed line-spectra cf 2-nitrofuran anion radical ESR 
spectra in DMF. Supporting electrolyte, (C,H,),NI: 1, Full experimental spectrum; 2, 
Full line-spectrum; 3,4, 5, 6, ESR linespectra, corresponding to anion radicals, conkin- 
ing “C in position 2, 3,4 and 5, respectively; 7, ESR linespectrum devoid of splitting 
due to 13C nuclei. 

of triple splitting uN = 10.2 G is due to the nitro group nitrogen atom. How- 
ever, from the shape of the spectrum alone it is not possible to assign the 
other constants aH = 5.42, 4.13 and 0.97 G unequivocally to separate 
hydrogen atoms. 

For independent assignment of proton HFS constants a quantum chemical 
model of 2-nitrofuran radicals has been constructed using the INDO 
approach. Table 1 presents parameters oi the spatial structure for electron 
spin in the frontier orbital, a- and u-systems. The HFS constants obtained by 
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TABLE 1 

Values of electron density on frontal level (c&::), or s- and x-electron densities (p,, px), 
as calculated (athe__, G), and experimental HFS con&m% for anion radical of 2-nitro- 

furan in DBIF (u,,~., 1, G), DMF + H,O (10 M) ((I~_,~, G), acetonitrile (~l~~..~, G). 
supportmg electrolyte (C.H,),NI 

0.031 0.047 
0.017 -0.097 
0.131 0.198 
0.000 -0.098 
O~O,i!l 0.144 
0.334 0.374 
0~113 0~204 
0.20s 0.22s 

and of the 
energy-optimized geometry of the anion radical [ 131. Since the experi- 
mental values of HFS constants are considerably mediumdependent 
(Table 1). one cannot expect better coincidence between calculated and 
experimental HFS constant values, the INDO calculations having been 
performed for an isolated (not interacting with medium) anion radical. 
Better agreement between calculated and esperimental HFS constants 
(Table 1) has been obtained for media with lower dielectric permeability 
than that of xater (D&IF, acetonitrile). 

In the case of an anion radical of 2-nitrofuran (not enriched by 13C 
isotope) weak signals of four different kinds have been registered, in addition 
to the spectrum discussed above. Each of them can be attributed to interac- 
tion with a paramagnetic nucleus 13C (with its natural contents) of a single 
carbon atom in different positions of the furan ring. Anion radicals of 
2-nitrofuran containing two or more 13C nuclei in samples with natural 
‘-‘C nuclei content. have not been recorded, the expected signal intensity 
being less than 2.5 X lo-’ that of anion radicals not containing ‘%. 

Deconvolution of the total ESR spectrum of 2-nitrofuran anion radical 
into HFS line-spectra of different varieties differing in the position of “C 
in the radical (Fig. 1) made it possible to determine HFS constants due to 
t-ight of the eleven atoms (escept three “0 atoms) of the Z-r-itrofuran 
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The qualitative agreement between the calculated and experimental para- 
magnetic parameters (Table 1) permits comparison between such models of 
the anion radical and the initial Z-nitrofuran molecule (Table 2). This, in 
turn, makes it possible to obtain a qualitative, experimentally hardly attain- 
able description of changes in the fine electronic structure of the 2-nitro- 
furan molecule in the process of its one-electron reduction- Addition of a 
lone electron to the 2-nitrofuran molecule and the formation of an anion 
radical leads to an increase in electron density mainly at the nitiogroup 
atoms in the n-electron system, amounting to ca. 0.75 of an electron. Since 
this process is accompanied by a decrease in electron density ain the u-system 
of the nitro group, the total increase in electron density at the nitro group is 
ca. 0.6 of an electron, evenly distributed over all atoms of the nitro group. 
The most significant changes in electron density take place at the nitrogen 
atom of the nitro group: a density increase of ca. 0.33 of an electron in the 
n-system is accompanied by a decrease of ca. 0.15 of an electron in the e- 
system of this atom. 

Addition of one electron to the n-system of the 2-nitrofuran molecule 
leads to strengthening of the C-N bond in the anion radical formed. Although 
electron den.city at the nitro group is higher by ca. 0.6 of an electron in the 
anion radical than in the initial molecule, the population of the N-O bond 
in the anion radical is diminished by 20% with respect to the initial molecule. 

Effects of substituents and heteroatom in the ring on anion radicals 

The HFS in the ESR spectra of electrochemically generated (in DMF) 
anion radicals o‘i’ 5-nitrofurans, substituted by simple substituents in the 2- 
position, can be comparatively easily assigned (Table 3). The average signal 
density of these spectra lies between 0.8 and 2.4 signal G-l. 

The nature of the HFS in the ESR spectra recorded, indicating interaction 
between the lone electron with all paramagnetic nuclei in the conjugated 
n-electron system confirms the primary structure of the anion radicals as 

TABLE 2 

Charges (in electron charge units) on atoms of 2-nitrofuran molecule (Z) and on atoms of 
its anion radical (Z’). their (J- and ~~compocents (ZO, Z,, Zi, Z,) as calculated by the 
INDO method 

Type of Atom 
charge 

1 2 3 4 5 6 7 8 

2 -0.16 +0.15 + 0.02 -0.05 +0.19 +0.54 -0.38 -0.35 
2, -0.44 + 0.28 +0.02 +0.03 +o.zo -0.48 +0.17 to.17 
2, +0.2s -Q-13 0 -0.08 -0.01 +1.02 -0.55 -0.52 
2: -0.21 +0.19 -0.13 -0.03 +0.09 +0.36 -0.56 -0.57 
2, -0.45 +0.21 +o.os to.03 +0.23 -0.33 +0.19 +0.17 
2, GO.24 -0.02 -0.21 -0.06 -0.14 +0.69 -0.76 -0.74 
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TABLE3 

g-FactorandHFS constants(qG)ofESR spectra ofanionradicals 

in DhIF. Supporting electrolyte, (C,H,),NBr 

R Nature of 
splitting 

H 
CH, 
coo- 
CN 
CF, 
COOCH, 
COOC:H, 
COCH, 
CHO 
NO- 

3N.2H.2H-2H 
3,.2, 2,.4, 

3,.2,.2,.4, 
3,.2,-2,.4, 
3,.2,.2,.3, 

10.20 3.22 0.95 4.13 

10.50 5.55 0.85 4.06 
9.91 5.16 1.02 
5.06 4.53 1.10 C.88 
0.52 5.16 1.09 8.52 
7.0'7 4.18 1.08 0.42 
7.14 1.18 l.Oi 0.36 
6.07 3.52 0.92 1.34 
5.16 3.16 0.71 1.96 
1.91 1.09 1.09 1.94 

2.0053 
2.0052 
2.0055 
2.0054 
2.0055 
2.0056 
2.0059 

2YOO61 

products of le addition to the parent compounds. The primary character of 
the anion radicals is proved also by the results of cyclic voltammetry. 

The g-values of the ESR spectra of anion radicals of substituted 5-nitro- 
furans increase with a rise in electron accepting properties of substituents in 
the 2-position. The increase in g-value is probably due to lowering of the 
ener,v level of the lone election orbital in the anion radical under the effect 
of such substituents [S] . 

The HFS constant values (Table 3) yield information on changes in elec- 
tron density of the frontier orbital in the series of anion radicals of substi- 
tuted 5-nitrofurans, as they are dependent on the properties of the sub- 
stituent in 2-position. In particular, a rise in electron accepting properties 
of substituents leads, according to the McConnell equation 1151 to lowering 
of lone electron density in the 4-position of these radicals. A quantitative 
estimate of substituent effect (CH3, H, COO-, CF3, CN, COOCH,, COCH,, 
CHO. NO?) on HFS constants of anion radicals of 5nitrofuran derivatives 
can be ob”kGned through Hammett IJ~ constants of substituents horn 
equations 

=X.XO1 = 10.2-47 UP (r = -0.99, n = 9) 

(I~!.~ = s-6-2.3 D P (r = -0.95, n = 9) (2) 

Constant. aH.3 is only slightly sensitive to substituent changes in the 2- 
position, and the correlation coefficient for aH.3 and up constants of substitu- 
ents is extremely low (r = 4.77). 
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An attempt to separate the total substituent effect into a resonance and 
field component using corresponding Swain and Lupton constants R and F 
[16] of substituents H, CH3, COOCzHs, CN, COCHS, and NOi for HFS 
constants of anion radicals of 5-nitrofuran derivatives has lead to the follow- 
ing equations 

=N .NOz 
= 10.2-5.0 F + 0.1 R (r = 0.90; n = 6) 

arry = 5.9-4.0 F + 4.1 R (r = 0.82;n = 6) 

arr3 = 0.9-0.1 F + 0.2 R (r = 0.80; n = 6) 

The substituent effect on HFS constants anq3 and arr4 appears to be 

(3) 

(4) 

(5) 

determined to an equal extent by both field and resonance effect of substit- 
uents; however, the correlation coefficient of such correlations is low. Unlike 
constants a*, the constant anso, is subject to substituent effects, mainly by 
way of field action. Absence of sensitivity to conjugation effects has been 
observed in studying substituent effects on the one-electron reduction poten- 
tial of 5-nitrofuran derivatives [ 41, as well as in ‘+N NMR studies of the 
nitro group in these compounds [17]. 

Redistribution of the lone electron in anion radicals of the 5-nitrofuran 
compounds, as compared to their benzene and heterocyclic analogues (in 
case of heteroatom changes) (Table 4) proceeds basically in the same way 
as changes in polarographic potential of electroreduction of the initial com- 
pounds [4]. 

The value of the HFS constant aN of nitro group nitrogen decreases with 
an increase in electron affinity of the heteroatom in the sequence a”, > a; > 
a%-, whilst constants aH of ring hydrogen nuclei ‘H change in the opposite 
sense. It appears that lowering of the aN constant is due to attraction of the 

TABLE 4 

HFS constants (a. C) of ESR spectra of anion radicals 

(X = 0, S, Se, CH = CH; R = H, COO-, CHO) 
Medium, DMF; supporting electrolyte (C,H,),CIO, 

coo- CHO 

OH.4 aH.3 ‘=H.t =N OH. 4 (IH.3 “N aH.4 UH.3 ‘IH.R 

0 10.20 5.42 0.97 4.13 9.91 5.18 1.02 5.16 3.16 0.71 1.96 
s 9.27 5.08 1.34 4.91 9.06 5.49 1.32 4.87 3.52 0.52 2.06 
Se 9.06 6.61 1.46 5.44 8.44 5.98 1.51 4.50 3.98 0.38 1.99 
CH=CH 9.80 3.47 1.11 4.09 9.64 3.31 1.06 5.28 3.04 0.40 1.42 
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lone electron from the nitro group towards the heterocycle, and such electro- 
phi!ity of heterocycles increases with increase in electron affinity of the 
heteroatom. The changes in HFS constants reflect the lower mobility of the 
lone electron in the benzene ring, as compared to that in the furan ring: 
introduction of an aldehyde group produces stronger changes in aN value in 
the anion radical of 5nitrofuran, than in that of nitrobenzene. 

Quantitative relationships between HFS constants of anion radicals of 
nitroheterocyclic series (ax) and HFS constants of the nitrobenzene radicals 
(Table 4) can be obtained from linear equations (here the benzene ring is 
treated as an analogue of a five-membered hetcrocycle in which the hetero- 
atom is replaced by the group CH%H) 

a0 = 1 OS atFzCH -0.52 N . (r = 0.99) 

& = 0.95 aEHxH - 0.11 (r = 0.99) (7) 

a",' =0.94aEH%H - 0.46 (r = 0.99) (6) 

G.l = 2.01 a CH2H - 1.52 (r = 0.99) (9) 
s 

UH.4 
= 2.0~ a$_H 

- 1.26 (r = 0.99) (10) 
se 

U‘H.4 = 2.20 ag!xH - 1.16 (r = 0.99) (11) 

_A comparison of coefficients in eqns. (6-S) leads to the conclusion that 
3n the lone electron level the furan ring is a better conductor of electronic 
effects of substituents -than the benzene ring, whilst, on the other hand, the 
conductivity of thiophene and selenophene are worse than that of benzene. 
Conductivity of heterocycles decreases with increase in main quantum 
number value of valence electrons of the heteroatom, and with electron af- 
finity of the latter. T!le relative conductivity through the furan (1.08) and 
thiophene (0.95) ring are close to mean values (1.15 and 0.99 respectively) 
obtained in reactivity studies of these heterocycles in various chemical and 
electrochemical reactions [ 181 . 

The relative ability for transfer of substituent effect from position 2 to 
position 4 can be estimated from linear correlation equations for values of 
atri.+ .iu anion radicals of 5-nitroheterocyclic compounds, and those of 
uE!$.‘;;‘~ for p-substituted nitrobenzene anion radicals. Such transfer values 
me more than twice as high in the case of anion radicals of nitrofuran and 
other heterocycles under study, compared with those of the benzene cycle. 
In the heterocycle series its value also depends on electron affinity of the 
heteroatom, but inversely with respect to aN, i.e., with an increase in electron 
affinity of the heteroatom, the substituent effect on position 4 of the 
heterocycle also increases. The HFS constants of the anion radicals under 
consideration may change with a change in properties of the medium [19] , 
Hcwever, even passing from DMF to water, a medium with higher dielectric 
permeability and proton donating properties, the nature of tie change in 
IIFS constants is the same for nitro derivatives of all heterocycles studied, 
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and the sequence of HFS constant values, as estatlished in DMF, remains 
unchanged in aqueous medium. 

Anion radicals of the 5-nitrofuran series with a developed conjugated system 
of the substituent in position 2 

The general rules of change in lone electron density in anion radicals of 
the nitrofuran series with lengthening of their Ir-electron system by intro- 
duction of a vinylene group is reflected in their HFS constant values 
(Table 5). An analysis of ESR spectra of anion radicals of 2-vinylene deriva- 
tives of 5-nitrofuran has been performed according to [ZO] . Inclusion of a 
-CH=CH- group between the furan ring and the substituent R leads to 
lowering of I-IFS constant values, both of those due to the nitrogen atom of 
the nitro group and the proton on position 4 of the fur-an ring, and of the 
HFS constants due to nuclei of substituent R atoms. Such a change is caused 
by delocalization of the lone electron along the vinylene group. Lone electron 
density on the vinylene group itself equals ca. 0.1 of an electron. The lone 
electron is distributed unevenly over the vinylene group: electrophility of 
the P-position (with respect to the furan ring) exceeds more than threefold 
that of the ru-position. Relative electrophility of separate positions of the 
anion radicals under study also changes depending on the nature of sub- 
stituents R1 and R, in the vinylene group (Table 4, 5). 

The relation 

Pin = 0.73 a + 0.91 (r = 0.99, n = 5) (12) 

TABLE 5 

HFS constants ((I, G) of ESR spectra of anion radicak 

in DMF. ::upporting electrolyte (C,H,),NBr 

coo- 
coo- 
coo- 
coo- 
CHO 
COO&H, 
COOCH, 

CF, 

R, 

H 
H 
Cl 

CH, 
H 
H 
H 
H 

Nature of 
splitting 

=N.NO, aH.4 aH.3 ‘H.R %.R, =H.R, 

3N-2H.2,.2,-2, 7.95 4.96 1.37 - 0.93 
3N-2H.2H.2H 8.60 4.90 1.20 - - 
3N-2H-2H-2H 8.30 4.10 1.30 - 1.30 
3N.2H.2H-2H-4H 9.00 5.00 1.60 - 1.60 
3N-2H-2H.2H-2H-2H 3.19 0.89 0.51 0.69 
3,.2,.2,.2,-3, ;I;: 3.72 1.20 0.30 - 
3,.2,*2,-2,.4, 5.80 3.84 1.19 0.34 - 
3,.2,.2,-2,.2,.4, 7.58 4.60 1.45 7.83 0.59 

3.06 
2.30 

2.70 
3.37 
3.72 
3.84 
3.84 
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between constants a;T$-o2 and ag4 of anion radicals of 2-vinylene derivatives 
of 5nitrofuran and the corresponding values aNmMO and aHm4 of the same 
HFS constants of anion radicals devoid of vinylene’group shows that the 
vinylene group weakens the substituent effect R on lone electron density 
distribution in the nitrofuran group. Weakening of the substituent effect by 
the vinyl group by a factor of 2 has also been observed by comparison of 
polarographic reduction potentials of the initial molecules [21] . 

Table 6 presents data on hydrazone-type anion radicals of compounds 
which, incidentally, have found wide medical application. 

Owing to the developed i-r-electron system of the substituent conjugated 
with the nitrofuran ring, the ESR spectra of these anion radicals possess a 
rather complex HFS which is difficult to decipher (Fig. 2). For an analysis 
of ESR spectra with such complex HFS the cepstral analysis method has been 
employed [ll, 22, 231. Under the given experimental conditions it has, 
however, been possible to decipher completely the HFS only for such anion 
radicals in which interaction of the lone electron takes place with not more 
than six spectroscopically non-equivalent atomic nuclei. The mean value of 
limiting signal density for deciphering such spectra under given experimental 
conditions does not exceed 10 signals G-l. More comples ESR spectra of 
anion radicals have only been partly deciphered; HFS constants due to the 
nitrogen atom of the nitro group have been determined. For compounds 
presented in Table 6, at ECG potentials close to those of the first polaro- 
graphic wave. formation of free radicals has not been observed, with struc- 
ture indicating bond cleavage in the hydrazone fragment, as noted in the 
case of p-nitrophenylhydrazones [24]. In this work, cleavage of the N-N 
bond in the hydrazone group has been observed only at higher potentials. At 
potentials exceeding that of the second polarographic wave of Furacilin 
(Nitrofurazone), HP’S of the ESR spectrum obtained does not belong to its 
anion radical, presenting a splitting of structure 3, ‘2, -3, _ 

The lone electron is distributed over the 5-nitrofuran and hydrazone group 
in all anion radicals of the hydrazone series studied. The highest lone electron 
density concentrated on the nitrofuran fragment. The overall density concen- 
tration of the lone electron on the hydrazone group amounts to ca 0.1 of an 
electron. 

Stability of anion radicals of the nitrofuran series 

A study of the decay of ESR signals of anion radicals of the nit-rofuran 
series in the non-aqueous medium DMF and in mixed water-DMF media 
shows that the decay of anion radicals can formally be described as a second 
order reaction under these conditions. Stability of the anion radicals is, to 
a large extent, dependent on their structure and on conditions of medium. 
For instance, the half-life period of anion radicals of 2-nitrofuran, at initial 
concentration 5 X 10e5 M, may change from a few seconds to half an hour, 
depending on the water content in DMF. 



T
A

B
L

E
 G

 

Il
al

f*
w

av
e 

po
te

nt
io

l 
va

lu
es

 (
B

, ,
? 

, V
) 

C
ar

 5
.n

itr
o.

2.
fu

ri
ur

yl
ic

Ic
ne

hy
dr

s~
o~

~e
s 

an
d 

H
FS

 c
on

st
an

ts
 

((
I,

 G
) 

of
 E

SR
 s

pe
ct

ra
 

of
 t

he
ir

 a
ni

on
 

ra
dj

w
ls

. 
M

ed
iu

m
, 

D
M

F;
 s

up
po

rl
in

g 
el

ec
tr

ol
yt

e 
(C

,H
,)

,N
I 

-C
H

 
=

 N
-N

H
-C

O
C

H
, 

-C
H

 
=

 N
-N

H
-C

O
N

H
, 

- 

z 
=

 N
-N

H
-C

O
N

H
, 

O
O

C
,H

, 
-C

H
 

=
 N

-N
(C

H
,C

H
,C

I)
, 

-C
H

 
=

 N
-N

-C
H

, 
oh

- 
-8

 
H

, 

T
ri

vi
al

 n
am

es
 o

f 
-E

 
ph

ar
m

ac
eu

lic
al

s 
‘/

I 
'
N
,
N
O
,
 

a
I
-
1
 

,
,
 
+
,
1
 

%
,
C
H
.
N
 

'
N
,
C
I
I
=
N
 

'
N
p
,
=
N
-
-
N
o
 

A
cy

ln
yd

ra
zo

ne
 

0,
64

 
8,

l 
- 

- 
-.

 
- 

Fu
ra

ci
lin

 
0.

64
 

7.
4 

- 
- 

- 
- 

- 

(N
itr

ol
ur

az
on

e)
 

- 
0,

92
 

7.
74

 
4.

G
2 

1.
36

 
- 

2.
10

 
0,

26
 

- 
0,

79
 

8,
94

 
4.

95
 

1,
22

 
- 

1.
22

 
0,

11
1 

- 
0.

96
 

7.
9 

- 
- 

- 
- 

- 

Fu
ra

zo
lid

on
c 

0.
82

 
7.

00
 

4.
35

 
1,

19
 

0.
89

 
1.

98
 

0,
40

 
(F

ur
ox

ou
c)

 

-C
H

 
=

 N
-N

-C
H

,C
H

-~
l-

N
~~

~~
~;

‘:
O

 
;;;

;;p
,;;

le
 

0.
82

 
7,

16
 

41
,5

0 
1.

18
 

0.
90

 
2.

10
 

0.
59

 

O
k 

I 
1 

Fu
ra

do
ni

n 
0,

82
 

7.
25

 
4,

50
 

1.
20

 
0.

80
 

2,
06

 
0.

41
 

(N
itr

of
ur

an
to

in
) 

Fu
ra

gi
n 

0.
78

 
G

.3
 

- 
- 

- 
- 



_
.I

 
‘-I

I 
- 

.-
 .-
 

r-
 

--
--

--
 

- 
--

 
. .

 . 
,’ 

. 
-,

 
.-

 
-.

r:
- 

:a
- 

__
’ 

-_
 

-,
 

I_
-.

j;l
.j_

;y
- 

- 
:..

- 
_:

_z
-;

;; 
-’ 

__
r 

-s
i 

..-
- 

r-
 

-’ 
-.

-,
 

-.
 

-:z
 

__
.-

,*
?C

 ,_
I-

 

I 
-z

m
 



195 

Studying stability of anion radicals in DMF in relation to their structure, 
one may note that of all anion radicals studied (Table 7), anion radicals of 
unsubstituted 2-nitrofuran are least stable. Substitution of the hydrogen 
atom in position 2 of the furan ring raises stability of anion radicals of the 
nitrofinan series in DMF (Table 7). However, the degree of stabilization of 
the anion radicals dc:pends largely on the nature of the substituent. Whilst 
substitution by a methyl group affects stability of the anion radical only 
inconsiderably, substituents possessing a n-electron system conjugated with 
the nitrofuran system raise stability of the anion radicals in DMF by l-2 
orders of magnitude, as compared to the stability of anion radicals of unsub- 
stituted 2-nitrofuran. The stabilizing properties of the substituent increase 
with widening of its m-electron system. This appears to be due to increased 
delocalization of the lone electron over the n-electron system and to lower- 
ing of its density on the nitrofuran group, the latter being the more probable 
reacting centre of lone eiectron recombination. 

Such a comparatively simple dependence of stability of 5nitrofuran 
anion radicals on substitution and on the nature of substituent manifests 
itself in media of low proton donating ability. With increasing water content 
in DMF destabilization of the anion radicals takes place. Such destabiliza- 
tion of anion radicals is higher in the case of unsubstituted 2nitrofuran or 
in the case of substituents possessing a n-electron system. In case of substitu- 
tion by a methyl group stability of the anion radical against destabilization 
by aqueous medium increases. As a result the decay rate constant k? increase 

TABLE 1 

Decay rate constants (M-Is’) of anion radicals 

R = CH, (I); H(H); CHO (III); CH = N-NHCONH, (IV); 
CH = N-NCH$Hz (V); CH = CH-CH = N-NCH,CO (VI). 

Oh--b Oh-&H 
Medium, DMF; supporting eleclxolyte, (C,H,),NPF, 

Water content 
in DMF (M) 

Anion radical 

I II III IV V VI 

0 8 10 3 2 0.3 - 
1 10 15 15 - - - 

2 - ?.O 10 4 0.03 
5 25 40 250 30 20 - 

6 - - - - 40 1 
10 30 150 8000 100 90 4 
20 90 2000 - 500 400 20 
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for 2-methyl-5nitrcfuran anion radicals is slowed down by an order of 
magnitude or more with increase in water content in mixed solution as com- 
pared to the rate increase for other Lnitrofuran anion radicals. Destabiliza- 
tion of anion radicals possessing a a-electron system in the substituent R is 
probably due to additional reaction centres brought in by the substituent. A 
higher rate of increase of values k2 with increase in water content in DMF 
can also be observed for anion radicals of compounds IV, V and VI (Table ‘7), 
in the same sequence as the increase in complexity of structure of their 
substituents. 

As a result, stability of anion radicals under the described conditions is 
determined by destabilizing effect of added water, as well by stabilization 
due to delocalization of the lone electron. In the case of substituent R = 
CHO, destabilization of anion radicals by addition of water (>5 M) leads to 
lower stability of this radical compared to that of an anion radical of un- 
substituted 5-nitrofuran. However, in the case of other studied anion radicals 
possessing a wider n-electron system, destabilization caused by addition of 
water is compensated by the stabilizing effect of increased delocalization of 
the lone electron in the substituent. Hence, even at 20 M water content in 
DhIF stabilization of the anion radical, as compared to its unsubstituted 
analogue takes place. Destabilization of anion radicals by increase of water 
content in DMF is, apparently, a result of the participation of these radicals 
in complek chemical processes. One stage of these processes consists of 
protonization of anion radicals. The complex nature of such processes can, 
for instance, be seen from the fact that even in the case of such a structurally 
homogeneous radical as that of anthracene, the simple mechanism of proto- 
nization has not yet been clarified [ 251. 

Under conditions of ECG no ESR signal has been registered in protonated 
media of pH < 4. At the same time, ESR spectra of these radicals have been 
registered, under conditions of pulse radiolysis, even in media with pH = 0 
[26] _ -4nion radicals of one of the pharmaceuticals of the nitrofuran series 
(Nitrofurantoin) have been registered also at biochemical reduction of this 
compound in microsomal medium [27]. These results indicate the possi- 
bility of the radicals discussed above taking part in processes determining 
radiosensltlzmg and antibacterial properties of nitrofuran compounds. This 
lends particular interest to further studies of structure and properties of 
these anion radicals. 
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