SYNTHESIS OF SOME FURYLNITROOLEFINS
WITH POTENTIAL BIOLOGICAL ACTIVITY
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Many nitrovinylated derivatives in the aromatic and heterocyclic series have rather high physiologi-
cal activity [1, 2, 4]. A number of 8- (furyl-2)-nitroolefing have been prepared previously [3-10] with the
general formula

R
X —@ CH=G-N0,
o}
I-xm
All of them have clearly pronounced physiological activity, Thus, (furyl-2)-nitroethylene XV, X=R=
H) and (furyl-2)-nitropropene (XVI, X=H, R=CHp) irritate mucous membranes, This property decreases --
in the series X=H, CH,, I, Br, Cl, Introduction of a thiocyano or nitro group in position 5 of the furane nu-
cleus weakens the irritating effect and enhances bacteriostatic properties. 5-Thioeyanofurylnitroethylene
XVI, X=8CN, R=H) is capable of also inhibiting the growth of anthrax bacilli* in 1:10,000 dilution, (5-Ni-
trofuryl-2)-nitroethylene (XVIIL, X=NO,, R=H)} and (5-nitrofuryl-2)-nitropropene (XIX, X=NO,, R=CHj)
possess not only great bactericidal effect but also a fungicidal one 11, 12].

Introduction of 2 methyl group in the side chain (R=CHz) does not affect the nature of the physiologi-
cal effect appreciably while the presence of a chlorine atom at the double bond of the side chain (R=Cl) mark-
edly strengthens bactericidal properties and leads to the appearance of new valuable qualities. Thus, (5-ni-
trofuryl-2)-chloronitroethylene (XX, X=NO,, R=Cl) revealed the ability to inhibit the growth of Bacillus
pyocyaneus; however, it is somewhat toxic.

It wag of interest to trace the effect of other substituents at the double bond of the side chain (R), for
example, a bromine atom and a phenyl group, since the corresponding derivatives of nitrostyrene have high
antimicrobial and insecticidal activity [13]. For this purpose we synthesized the following compounds, which
have not yet been described inthe literature: g-(5-nitrofuryl-2)-g-bromonitroethylene (VI, see Table 1) and
8- (5-nitrofuryl-2)- ¢-phenylnitroethylene (XI), and also the corresponding furyl, 5-methylfuryl, and 5-halo-
furyl nitroolefins (I-ITI, V, VII-XI),

For the synthesis of g- (furyl-2)- ¢-bromonitroethylenes (I-V) was utilized the condensation of the cor-
responding 5-substituted furfurals (X =H, CH;, C1, Br,I) withbromonitromethane in the presence of basic cata~
lysts (potassium hydroxide, sodium hydroxide — method A), Methylamine (method B) is the best catalyst for
the preparation of - (furyl-2)- o-phenylnitroethylenes (VII-XMO), Basic catalysts proved unsuitable in the
case of phenylnitromethane because they lead to resinification of the reaction mixture. In the series of 5-
substituted derivatives of furfural with X=H, CH, Cl, Br, I, NO, the reaction rate decreases. Thus, com-
pound XII was obtained in a yield of 26% only after keeping the reaction mixture at 20°C for 14 days., When
the temperature is raised, appreciable resin formation is observed. It did not prove possible to synthesize
compound VI by condensation of 5-nitrofurfural with bromonitromethane under these conditions, It was ob-
fained in high yield by nitration of I in analogy with XVIII [14] or by nitration of IV in analogy with XX [3].

* The tests were carried out in the Department of Microbiology of the Rostov Medical Institute under direc-
tion of Professor A, A, Kashaeva,

T The tests were carried out at the S, Ordzhonikidze All-Union Chemical and Pharmaceutical Scientific Re~
search Institute,

Rostov University, Rostov-on~Don. Translated from Khimiko-Farmatsevticheskii Zhurnal, Vol, 6,
No, 10, pp. 5-8, October, 1972, Original article submitted March 3, 1971.

© 1973 Consultants Bureau, o division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Compound IV may also be prepared by bromination of I in analogy with (5-bromofuryl-2)-chloronitro-
ethylene (XXI, X=Br, R=Cl) [3] or by cleavage of hydrogen bromide from g- (5-bromofuryl-2)- ¢, 3-dibromo-
nitroethane which forms inquantitative yield in the bromination of (5-bromofuryl-2)~nitroethylene (XXTI,
X=Br, R=H) in chloroform in analogy with derivatives of ¢-nitrostyrene [15], In the bromination of XV
under these conditions there takes place not only addition of bromine to the double bond of the side chain,
put also substitution of a hydrogen in position 5 of the furane nucleus. pB-(5-Iodofuryl-2)-o-bromonitroethyl-
ene (V) can be prepared in good yield from the corresponding bromo derivative (IV) by exchange with potas-
sium iodide in glacial acetic acid in analogy with (5-iodofuryl-2)-nitroethylene (XXII, X=1, R=H) [5].

EXPERIMENTAL

g-(Furyl-2)- o-bromonitroethylenes (Method A), To a solution of 0,01 mole of the appropriate 5-sub-~
stituted furfural and 0.01 mole of bromonitromethane in 30 ml methanol a solution of 0,02 mole of potas-
sium hydroxide in 3 ml water is added dropwise in the course of 30 min with stirring and cooling with an
ice—galt mixture, and the reaction mixture is kept in the cooling bath for another 30 min. Then 30 ml water
is added and the mixture poured gradually into a cooled mixture of 3.2 ml concentrated hydrochloric acid
and 12 ml water. After 30 min the precipitate (or oil) is separated, washed with water to neutral reaction,
purified by steam distillation, and then recrystallized from ethanol. Yield, mp, and analytical results are
listed in Table 1,

8- (5-Bromofuryl-2)-bromonitroethylene (IV), To a solution of 0.015 mole XV in 50 ml chloroform is
added a solution of 0.3 mole bromine in 20 ml chloroform in the course of 30 min with stirring at 0°, The
solution is kept at 20-25° for 3-4 h, The solvent is then distilled off at room temperature, g-(5-Bromo-
furyl-2)- o, g-dibromonitroethane is obtained in the residue as a pale yellow oil which decomposes on stor-
age or distillation. The same oil was obtained by bromination of XXII, The identity of the samples was dem-~
onstrated by comparison of thin-layer chromatograms on aluminum oxide (chloroform solvent, sulfuric acid
developing agent).

The oil obtained, 5.3 g, is treated at 20-25° under vigorous stirring with a solution of 3.4 g potassium
hydroxide in 50 ml water. The precipitate formed is separated, washed with water to neutral reaction, dried
in a desiceator over phosphorus pentoxide, and recrystallized twice from hexane, Yield, 2.7 g (64%), yellow
crystals, mp 94-95° (from hexane), A sample mixed with IV, obtained by method A, gave no melting point
depression (mp 94-95°). The identity of the products was also demonstrated by comparison of their UV and
IR spectra* and by comparison of thin-layer chromatograms on aluminum oxide (benzene solvent, sulfuric
acid developer).

B- (5-Nitrofuryl-2)- g-bromonitroethylene (VI). a) To a mixture of 3,58 g nitric acid (d, 1.52), 6 ml
acetic anhydride, and 0.5 g concentrated sulfuric acid cooled in ice—salt a solution of 3 g Iin 8 ml acetic
anhydride is added dropwise in the course of 1/2 h, Stirring is continued for another 2 h at 0°, The mixture
is then poured into 100 g of chopped ice. After 15 min the precipitfate is separated, washed with water, and
dried in a desiccator over phosphorus pentoxide, Yield, 3.2 g (88.4%), light yellow needles, mp 90-91° (from
ethanol).

b) A mixture of 1.49 g IV and 3.5 ml nitric acid (d, 1.2) is heated until the start of an exothermic re-
action which is accompanied by a vigorous bromine evolution, The mixture is then poured on ice, the pre~
cipitate formed is separated and washed with water to neutral reaction, Yield, 0.52 g (39.5%), mp 90-91°
(from ethanol), A mixed sample with VI, obtained from I, did not give a melting-point depression (mp 90-91°),

B~ (Furyl-2)- ¢~phenylnitroethylenes (Method B).f To a solution of 0,01 mole of the appropriate 5-sub-
stituted furfural in 10 ml ethanol is added 0.01 mole phenylnitromethane, 0.1 g methylamine hydrochloride,
and an equivalent amount of sodium carbonate, The mixture is held from 3 to 7 days in the refrigerator,
The crystals, which have precipitated, are separated and recrystallized from ethanol.
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