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PAPER CIIROMATOGRAPIIY OF NITROFURAN DERIVATIVES 

VICTORIA COHEN 

Chemical and Phavmaccutical Research Institute*, Sofia (Bulgaria) 
(Rcceivcd December zq.th, xgG5) 

Paper chromatography is playing a rather important ‘role in the analysis of 
drugs, because it can be used,simultaneously for their identification, and for testing 
their purity and physiological activity (in the cases of isomeric forms with differences. 
in physiological activity). 

We carried out investigations on the paper chromatography of a number of 
nitrofuran derivatives, synthesized by ~HELYASKOV AND ZLKOLOVA1, which have 
shown a high antibacterial, fungicidal and antiprotozoal activity21 3. 

The compounds under investigation are Schiff bases of 5-nitrofurfural with a 
series of aromatic amines. Compounds were chosen which, besides a high biological 
activity, showed related chemical structure and isomoric forms. The latter was done 
in order to find conditions for carrying out chromatography and solvent systems with 
,the best. separation for this group of compounds. In addition we also included three 
well ,known nitrofuran derivatives: 5-nitro+furaldehyde semicarbazone (furacin, 
nitrofurazone), N-(5-nitro+furfurylidene)-r-aminohydantoin (nitrofurantoin, fura- 
dantin) and N-(5-nitro-2-furfurylidene)-3-amino-2-oxazolidone (furoxone, furazoli- 
done). 

Some valuable data are given in the literature on the paper chromatography of 
furacin, its determination in foodsC and the detection of its decomposition products”. 
A communication has also appeared more recently on the paper chromatographic 
separation of, furacin, furadantin and furoxone G. Use is chiefly made of hydrophilic 
solvent systems such as qz-butyl alcohol-acetic acid-water (4: I : 5)4*G; gzvt-butyl alcohol- 
ammonia IO %-water (12 : I : 7)G; a less hydrophilic system, chloroform-isopropyl 
alcohol-potassium benzoatea; and from amongst the anhydrous systems, the system 

’ dimethylformamide/dioxan-methanol (g : I)G was examined without success. U.V. 
light was used for visualisation of the spots. 

The present paper includes results from chromatographic studies on nitro- 
furan derivatives in nine solvent systems (Table I), selected with regard to the acid, 
neutral and basic characteristics of the compounds investigated and to their rather 
differing solubility and polarity. For the more lipophilic compounds, the systems 
S,, Sq, S, and Ss from Table I were examined as they were shown to be best fitted for 
compounds of this type’. We have also used systems with a stationary phase of dime- 
thylformamide. Each of the systems under investigation has shown some advan- 
tages or disadvantages with respect to single compounds. But, in general, we arrived 
at the conclusion, that the anhydrous systems with a stationary phase of dimetlzyl- 
- 

* Director: Prof. L. ZRELYASKOV. 
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TABLE I 

SOLVIZNTS 

No. Immobile phase Mobile phase 

8, - ?z-Butanol-acetic acid-water IL 

s, - 
% - 
s4 - 

% - 
sa - 

Dimothyiformamicle 
Dimcthylformnmicle 
Dimcthylformamiclc 

(4:x:5) 
wButanol-2.5 oh NH, (I : I) II 

Butyl acctatc-W,O (I : x) 
Teixachloromcthane-acotic acid s/2 

(so: 1) 
Rcnzcne-methanol-W,O (2 : I: I) 3 
Pctrolcum cthcr (b.p. Go-70”)- 3 

methanol-water (2 : I : I) 

Chloroform 2 

Bcnzenc 2 

Benzene-cyclolicxanc (4 : I) 2 

formamide and a mobile phase of chloroform, benzene or, better still, benzene- 
cyclohexane (4 : I) are best fitted for identifying and separating of compounds from 
this group, as well as for detecting admixtures and products of decomposition, We 
have established that this also refers to furacin, furadantin and furoxone, which are 
more satisfactorily, reliably and quickly identified and examined for purity in the 
system dimethylformamide/benzene-cyclohexane (4 : I) than in all the other systems 
applied up to now. The spots are visualized not only by observation in U.V. light, but 
also by spraying them with a solution of $-dimethylaminobenzaldehyde, after which 
yellow, orange or red spots are obtained. 

ESPERZMENTAL 

The Schiff bases of g-nitrofurfural, given in Table II, were synthesized by 
ZHELYASKOV AND ZLKOLOVA~, and characterised by their m.p. and nitrogen content. 
Furacin, furadantin and furoxone were supplied by Boehringer, Mannheim. 

The initial amines from which the Schiff bases were prepared, had p.s. purity; 
they were also used as reference substances. 

The solvents necessary for preparing the solvent systems, described in Table I, 
were freshly distilled and mixed 24 11 before use. 

Chrowsatogmaj!day 
The substances examined were dissolved in alcohol by heating, at a concen. 

tration I mg/ml and 20-40 y (0.02-0.04 ml) were applied to Schleicher & Schtill 
2043 bMg1 paper (13 x 38 cm). The development was carried out by the descending 
technique at a temperature of 20-22~. The paper strips with the samples were left to 
equilibrate with the systems S, to S, overnight in the chromatographic chambers, 
after which the mobile solvent was poured into the glass troughs. With solvent 
systems S,-S,, the paper strips, to which the samples had been applied, were im- 

J. Chvomatog., 23 (zgG6) 446-456 



V. COHEN 

% 
6 

8 
d 

C-4 

J. Clrvomalog., 23 (1966) 446-456 



‘4
 

‘5
 

5 
r6

 

0.
52

 
0.

50
4 

f 
00

0 

4’
 

f 
0.

04
 

0.
50

 
0.

79
 

0.
72

 
re

d 
da

rk
 

re
d 

4 
5 

o-
go

 
o.

S.
+

 
O

SI
O

 
0.

67
t 

0_
7S

t 
O

.O
L

 
0.

6~
 

0.
87

. 
0.

87
 

pa
le

 
ye

llo
w

 
- 

? 
4 

ye
llo

w
 

8 # g 

0.
7q

 
f 

0.
8s

 
0.

85
 

re
d 

g 

0.
00

 
0.

00
 

0.
0-

E
 

- 
- 

4 
4 

$ 

0.
62

 
o.

7o
J-

 
t 

0.
00

 
0
.
0
5
 
0
.
0
2
 

0.
53

 
o.

Sr
 

0.
73

 
pa

le
 

- 
or

an
ge

 
3 2 

4 
ye

llo
w

 
s 2 

0.
87

 
0.

24
 

O
.
S
j
 
O
.
@
f
 
0
.
1
8
 
0
.
0
2
 
0
.
5
0
 
0
.
5
4
 

0.
62

 
- 

br
ig

ht
 

4 
bl

ue
 

pa
le

 y
el

lo
w

 
$ z =

i 

(-
-N

=H
C

q!
-N

o2
 

&
O

H
 

o-
79

 
0.

10
 

0.
52

 
0.

02
t 

0.
05

 
0.

00
 

o-
22

 
o.

rs
 

0.
20

 
- 

gr
ee

n 
le

m
on

 
ye

llo
w

 
iii

 

&
 

N
=

H
C

J,
Q

!-
N

O
2 

O
H

 

I’
 

N
=

H
C

-;
0,

-N
02

 

N
=

H
C

-m
 L

O
/-

N
O

2 

H
,N

O
,S

 -
c-

 ’ 
’ 

N
=

H
C

-m
 \o

/-N
o,

 

- 

“Y
-t

 
S&

,,C
=

SC
-~

~N
02

 0 

o.
S3

 
0.

07
 

0.
62

4 
0.

02
t 

0.
03

 
0.

00
 

0.
34

 
0.

2s
 

0.
25

 
- 

pa
le

 
or

an
ge

 
ye

llo
w

 
2 5 ii m

 
O

.&
f_

 O
-I

O
 
O
.
j
j
t
 0
.
0
0
 
0
.
0
0
 
0
.
0
0
 

o.
oq

f 
0.

05
 4

 o
.o

sf
 

pa
le

 
pa

le
 

ye
llo

w
 

-c
 

ye
llo

w
 

ye
llo

w
 

o.
gr

 
o.

gr
 

o.
gz

J 
0.

3o
f 

0.
99

 
0.

6o
T

 
0.

50
 

o-
89

 
o.

gr
 

- 
- 

ye
llo

w
 

J 
4 

0.
64

 
0.

43
 

0.
26

t 
0.

00
 

0.
00

 
0.

00
 

0.
22

 
0.

0s
 

0.
06

 
- 

ye
llo

w
is

h 
ye

llo
w

 
4 

gr
ee

n 

0.
90

 
0.

63
 

0.
92

 
o-

28
? J 

0.
65

 
o.

oo
 

0.
43

 
0.

67
 

0.
64

 
ye

llo
w

 
da

rk
 

ye
llo

w
 



V. COHEN 

J. Ckromalog,, ‘23 (1966) 446-456 



PAPER CHROMATOGRAPHY OF NITROFURAN DERIVATIVES 451 

pregnated with a 30 y0 methanolic solution of dimethylformamide, after which they 
were dried between two filter papers and allowed to air dry for 15 min, and equilibrate 
in the chambers for another half hour. When the front of the mobile solvent had 
moved nearly 28 cm from the start line, the chromatograms were withdrawn and left 
to dry in the air, after which the spots visible in day light were marked, then those 
visible in U.V. light and finally the paper was sprayed with a I oh solution of $J- 
dimethylaminobenzaldehyde in 8 y. hydrochloric acid. The colours obtained and the 
RJP values, which represent the average values from 5 to 10 experiments, are given in 
Table II. 

Detectiovt of deco+n$ositiost $rodticts of the com$ozcnds obtairced as a resaclt of the in- 
&&me of water, acids and bases 

Some aqueous solutions, with a concentration of 2 mg/ml, were prepared from 
the Schiff bases of 5-nitrofurfural and o-, tiz- and $-aminobenzoic acids and amino- 
salicylic acid, which in contrast to the other compounds insoluble in water (furacin, 
furadantin and furoxone are not taken into consideration) show a certain, though 
rather low solubility in water. At first the solutions were a light yellow colour which 
grew darker after 2-3 days. Those which had an insoluble residue were mixed with a 
little alcohol until a clear solution was obtained, before carrying out the chromato- 
graphy. The latter was carried out according to the method described in system S,, 
after three, seven and more days, and compared with fresh solutions of the compounds, 
and fresh and aged solutions of the amine. 

The effect of acids and bases was followed by adding 0.05 ml I N I-EC1 or ROW 
to I ml of the alcoholic solutions of the compounds (concentration I mg/ml), to give a 
solution approx. 0.05 N with respect to the acid or base. These solutions were left for 
half an hour at room temperature and refluxed on a steam bath for another half hour, 
after which they were applied to the paper, and chromatographed in the system S,. 
Alcoholic solutions of the substances, as well as alcoholic solutions of the initial 
amines treated in the same way, were used as reference substances. 

RESULTS AND DISCUSSION 

Colow of the s$ots 
Most of the compounds under investigation are coloured and appear on the 

chromatogram as yellow spots. Red is the typical colour of the p-nitroaniline and 
p-aminoaniline derivatives. In U.V. light, some of the compounds give bright fiuo- 
rescent spots and others dark spots. The different fluorescence of the isomeric com- 
pounds (derivatives of o-, m-, and $-aminobenzoic acid and o- and p-phenylenedi- 
amine) and the colours obtained with@-dimethylaminobenzaldehyde are also character- 
istic, The spot appears as a bright blue fluorescence when the carboxylic group is in 
the o&ho position, pale green when it is in the meta position and in the para position 
there is no fluorescence. On the other hand, the most intense colouring (orange) with 
p-dimethylaminobenzaldehyde appears with the para derivative, The meta derivative 
gives a lemon-yellow colour and the ortho a light yellow one. 

When there is an amine group in the ortho position (o-phenylenediamine) the 
spot has a bright yellow fluorescence which diminishes if this amine group is condensed 
with another .+nitrofurfural molecule. When the amine, group appears in the pava posi- 
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tion, the compound has a red colour in daylight, but in U.V. light appears dark. 
These differences thus make it possible to identify these isomers with certainty even 
in systems where their $2~ ,values are rather close. 

Furacin, furadantin and furoxone are pale yellow in daylight and in U.V. 
light. Unlike the other compounds examined they give no colour with p-dimethyl- 
aminobenzaldehyde. With an alkaline solution furacin forms a bright red spot, by 
which it .may be differentiated from all the other nitrofuran derivatives investigated. 

Shu@ of the s$ots 
In most of the systems examined the spots are well formed, round or slightly 

oval; But a number of the compounds in the third, fourth, fifth and sixth solvent 
systems form an extended spot or remain at the start line. Obviously, in these systems 
the distribution equilibrium is reached rather slowly, and in some cases is not at- 
tained because the substances remain at the start line. 

‘:In system nine sharp round spots are obtained, and even compounds with small 
differences in &P value are very well separated. 

The simplest of all the compounds under investigation is 5-nitrofurfurylidene- 
aniline (therefore it will serve as comparative base for the chromatographic behaviour 
of all the, other compounds).’ It is characterized, in general, by its high RF values in 
all the systems utilized, which is an indication of its lipophility. Its Rp values are 
comparatively lower in systems S4 and S,, which contain tetrachloromethane and 
chloroform in the mobile phase. In general all the compounds under investigation 
showed lower Rp values in’these two systems. 

Introduction of a methyl group in the o&o, meta or para position of the ben- 
zene nucleus ,of ,g-nitrofurfurylidene-aniline produces no changes in the chromato- 
graphic,behaviour of the compounds. An ethoxy group in the &ara position causes a 
slight lowering of the Rp values, but in general the behaviour in the different solvent 
systems does not change. The introduction of a ,nitro group into the nzeta or para 
position also causes very little change in the & value in the systems, where well 
formed spots are obtained. Some changes are observed with the presence of an amine 
group in the benzene nucleus, particularly when it is in the para position (the Rg 
values are lower). There are characteristic differences between the ovtho and $ara 
amino derivatives in the acid system S1. Thepara amino derivative in this system has 
a low. Rp value because of an increase in dissociation and hence an increase of the 
solubility in the immobile aqueous phase. This typical behaviour of the amine group is 
inhibited in ortIzo position. There is a similar effect in systems with a stationary phase 
of dimethylformamide. The higher RF values, of the ortho derivative, compared to 
those of the para derivative, may be explained by the reduced possibility of formation 
of intermolecular hydrogen bridges between the amine group in the ortho position 
and the immobile phase. Less soluble compounds are obtained by reacting the amine 
groups with a second ,+nitrofurfurylidene’radical; these,are difficult subjects for chro- 
matography. By acetylating the amine group in the para position’the behaviour in 
the acid system S, is mainly changed. The basic properties of the compounds are 
reduced. 

:The RF values are shown to be dropping most sharply with the presence of a 
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carboxyl group in the benzene nucleus. This shows an increase of the solubility in the 
more polar immobile phase. Typical of the acid properties are the high RF values in 
the acid systems S1 and low RF values in the alkaline system S,. This is explained by 
inhibition of the dissociation in the first system, and by its potentiation in the second. 
The position of the carboxyl group is also of importance, the highest RF values being 
shown by the compound with the carboxyl group in the o&o position, which may be 
explained by the formation of an intramolecular hydrogen bridge. The compounds 
possessing carboxyl groups in the meta and para positions have related RF values, but 
are not identical. In the presence of both hydroxylic and carboxylic groups together, 
the increase of the polarity becomes still more apparent, especially in the systems 
with dimethylformamide. Obviously, the possibility for intermolecular hydrogen 
bridge formation with the immobile phase are still more enhanced. The typical be- 
haviour of the carboxylic group vanishes after its esterification and the RF values 
increase again. 

The -SO,Nl& group strongly increases the polarity of the compound, espe- 
cially in the systems with stationary dimethylformamide, where it gives lower RF 
values than with the carboxylic group. 

The rhodanine derivative (No, UJ inTable II) behaves as an acid, with a higher 
Rp value in the acid system S1 and a lower one in the alkaline S,. It behaves like 
furacin, furadantin and furoxone, which is due to the presence of a carbonyl group. 
In general their RF values are lower, and in the systems S,, S4, S, and S, they do not 
move at all. In the dimethylformamide systems all three compounds show Rp differ- 
ences large enough for separations. 

Detection of admixtwes and decomposition prodzccts 
The nitrofuran derivatives under investigation, as Schiff bases, may contain 

admixtures of the amines from which they were prepared or from hydrolysis, The 
second component, .+nitrofurfural, cannot be detected directly because of its volatility. 
That is why our attention was directed towards examining the amines, especially 
those which are non-volatile. The conversion of the volatile components into non- 
volatile ones would complicate their detection in admixtures and in fact was not a 
subject of our investigation. ._ 

Most of the initial amines, chromatographed at the same time as reference 
compounds, have shown lower RF values than the corresponding derivatives and 
have been detected more easily. It is of interest that the RF values were changed 
differently by blocking the amine group of the various amines with g-nitrofuraldehyde. 
In oytho-, meta- and para-aminobenzoic acids no changes were shown at all. It seems 
that the carboxylic group has a dominating influence upon the RF values and veils 
the influence of the amine group. It is evident that the ARM value in this case depends 
not only on the character of the functional group introduced, but also on the type 
and position of the other substituents in the benzene nucleus. Table 111 gives the 
ARM values obtained as a result of the condensation of the amine group in the differ- 
ent aromatic amines used with s-nitrofuraldehyde. 

Stability of the com~ozcnds 
The chromatograms of the alcoholic solutions in mg/ml concentration have 

shown no changes over a period of 5-6 days. The aqueous solutions and suspensions 
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TABLE III I 

RF VALUES OF AROMATIC AMINES AND THE CORRESPONDING SCHIFF BASES WITH 5-NITROFURALDE- 
WYDE IN THE SYS’l!E$f DIMETHYLFORMA~IDE/BENZENE-CYCLOWEXANE (4 : I) 

Slvucltcval fovmula RF RM ARM 

o.ag -0.908 --A431 

/ ,;, .’ 

O& c ’ NH, -0 o-75 -0.477 -’ 
., 

NO, 0.92 - I.061 -0.584 

; ‘, 

0.44 + 0.105 

ml N=HC-,O,-NO, 0.80 -0.602 -0.707 

0.87 -0.826 -0.224 

.I 

0. I4 Jr 0.788 

H,i$-+J-N=H~.o,-NO, n--n 0.72 -0.410 --1.rg8 - 

O,ti&j!j!CH==N~N=HG@NO, 0.88 -0.865 -0.455 - 

NH, 0.23 -I- 0.477 

0.25 -I- 0.477 0.0 

0.70 -0.3G8 

C,W,OOC<_-N=HC-FjNO, ” 0.91’ -1.005 -o&37 

-- 

’ : 
‘., ., 
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of the o~tlzo, ms!a and J!UWU derivatives of the aminobenzoic acids yielded two spots 
after 5-6 days (Fig. I). One of these spots corresponds to the compounds alone, but 
the second spots have various differing Rp values and do not give a colour with $- 
dimethylaminobenzaldehyde. The second spots are not due to traces of the initial 
amines, because in these compounds all the initial amines have the same RJP values 
as their derivatives. They cannot be identified as nitrofurfural because, in such a case, 
all three compounds would have shown the same RF value, whereas in this case all 
three are different. No amine group is present because they do not give a colour with 
$-dimethylaminobenzaldehyde. Probably, the carboxylic groups have also undergone 
some changes, because the RF values sharply increase in the msta and para compounds. 
The examinations carried out in the microbiological laboratory of the institute have 
shown that these changes considerably reduce the biological activity of the prepara- 
tions. 

All nitrofurfurylidene derivatives decompose under the influence of 0.05 N acids 
and bases in alcoholic solution. The decomposition in acid medium js lower and the 
chromatogram shows two spots, one of which corresponds to the compound under 
investigation and the other to the amine obtained as a result of the decomposition. 
Decomposition proceeds faster in alkaline medium; the spot of the compound under 
investigation (especially after heating the solution) disappears and other spots appear 
on the chromatogram; some of these were not identifiable. Figs. z and 3 are given as 

??,3456 

OQ cl0 
I !Jg+ 

Q u3 
00 

I______ _ _ _, 
. 

Fig. I. System : dimethylformamide/benzene-cyclohexanc (4 : I). I = (5-nitrofurfurylidene)-o- 
aminobcnaoic acid ; 2 = the same compound after aging in an aqueous solution for G days: 3 = 
(5-nitrofurfurylidene)~m-aminobenzoic acicl: 4 = the same compound after aging in an aqueous 
solution for G days: 5 = (5-nitrofurfurylidene)+aminobcnzoic acid: 6 .= the same compound after 
aging in an aqueous solution for G clays. 

Fig. 2. System: dimethylformamidc/benzcne-cyclohexane (4: I). I = fi-phcnelidine; 2 = (5- 

nitrofurfurylidenc)-$-phcneticline: 3 = compound 2 in alcohol 0.05 N with rcspcct to I-ICI, after 
heating for 30 min ; 4 = compound 2 in alcohol, 0.05 N with respect to KOH, after heating for 
30 min. 

Fig. 3. System: dimetl~ylformamicle/ben2cne-cyclohexane (4 : I). I = fi-aminobcnzoic acicl 
ethyl ester; 2 = (5-nitrofurfuryliclene)~p-aminobenzoic acid ethyl ester; 3 = compound z in 
alcohol, 0.~05 iV with respect to WCl. at room temperature after 30 min; 4 = compound 2 in alcohol, 
0,05 N with respect to KOI-I, at room temperature after 30 min: 5 = compound 2 in alcohol, 
0,05 N with respect to KOH, after heating for 30 min. 

an illustration of the changes occurring with the phenetidine and anesthesine deriva- 
tives. The anesthesine derivative completely decomposes in alkaline medium to 
ancsthesine and the latter is converted on’ heating to $-aminobenzoic acid (RF 0.25). 

J. Clwomalog.,, 23 (1gGG) 446-456 
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SUMMARY 

Some investigations have been carried out on the paper chromatography of a 
group of new nitrofuran derivatives, along with three known preparations of the 
same group, viz. furacin, furadantin and furoxone. Nine solvent systems were em- 
ployed, and it was established that for the identification and separation of this 
group of compounds, together with the detection of isomeric forms and admixtures, 
systems with a stationary dimethylformamide phase and .a mobile phase of chloro- 
form, benzene or better still benzene-cyclohexane (4: I) were best. The decomposition 
of the nitrofuraldehyde derivatives due to the influence of water, acids and bases 
was investigated. The influence of functional groups on the RF values is discussed. 
Is was shown that the ARM value obtained by blocking the aromatic amine group 
with 5-nitrofuraldehyde varies in each case and depends on the type and position of 
the other substituents in the benzene nucleus. 
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