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Phosphorus pentasulfide reacts with the amides and substituted amides of 5-nitrofuran-2-carboxylic and 3-
(5" -nitrofuryl-2') acrylic acids in ethyl acetate to give the corresponding thioamides. Some amides of
5-nitrofuran-2-carboxylic and 3~ (5"-nitrofuryl-2') acrylic acids are synthesized for the first time. Iodine
oxidation of 5-nitrofuran~2-thiocarboxamide gives 3, 5-bis (5'-nitrofuryl-2")-1, 2, 4-thiazole.

Thioamides of 5-nitrofuran-2-carboxylic and 3- (5" -nitrofuryl-2')- acrylic acid have hitherto been unknown. Re-
garding furan-2-thiocarboxamides, papers by a number of authors [1-7] deal with their preparation. The unsubstituted
furan-2 -thiocarboxamide is obtained by treating the nitrile of the acid with hydrogen sulfide in the presence of bases
[1-2].

N -substituted furan-2-thiocarboxamides are obtained by treating the corresponding N-substituted amides with
phosphorus pentasulfide in the presence of inert solvents (xylene, toluene [1], pyridine [3,4]). Here the yields are
better. To prepare N, N-disubstituted furan-2-thiocarboxamides, use is made of the reaction between furfural, sulfur,
and a secondary amine [1], or between ammonium dithiofuroate and a secondary amine [5]. N-cyclohexyl furan-2-
thiocarboxamide is obtained from cyclohexylamine and sodium dithiofuroate [6, 7].

We have now effected preparation of the thioamides of 5-nitrofuran-2-carboxylic (III) and 3- (5" -nitrofuryl-2")
acrylic (IV) acids by treating the corresponding amides of types I and II with phosphorus pentasulfide.

We synthesized the starting amides ( Table 1) partly for the first time, and partly using methods differing from
those previously used to prepare them. The methylamides, ethylamides, and dimethylamides of the acids were pre-
pared from the chlorides of the corresponding acids and the amine hydrochlorides, the free amine being liberated by the
action of sodium carbonate. In the treatment of the chlorides of §-nitrofuran-2-carboxylic and 3- (5' -nitrofuryl-2")
acrylic acids with diethylamine, morpholine, piperidine, and pyrrolidine, pyridine was used to combine with the
liberated hydrogen chloride, and, in some cases, this led to better yields of the corresponding amides than those given
in the literature.

The reaction for synthesis of the thioamides (Table 2 ) was run in ethyl acetate. Use of toluene instead led to con-
siderable resinification. We also prepared the unsubstituted thioamides of 5-nitrofuran-2-carboxylic and 3~ (5" -nitro-
furyl-2") acrylic acids by reacting the corresponding unsubstituted amides with phosphorus pentasulfide in ethyl acetate.
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The thioamides III obtained are a bright yellow to orange color, while IV are orange to red. The melting points
of the thicamides III and IV are generally 10° —60° C lower than those of the corresponding starting amides. III and IV
compounds are somewhat soluble in water, more soluble in ether and benzene, readily soluble in ethanol, chloroform,
and acetone. The thioamides were purified by recrystallization from hexane, heptane, mixed benzene -hexane, or di-
chloroethane -hexane. Iodine oxidation of 5-nitrofuran-2-thiocarboxamide in ethanol gave 3, 5-bis (5'-nitrofuryl-2")-
1,2, 4-thiadiazole, analogous to the corresponding reaction in the furan series [1].
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Experimental

5-Nitrofuran -2 -carboxamide. 0.05 mole 5-~nitrofuran-2-carbonylchloride was dissolved in 150 ml ether, and dry
ammonia passed in with ice cooling. The products were filtered, the precipitate triturated with water, the solid filtered
off, washed with water, and dried in air. 3-(5'-Nitrofuryl-2') acrylamide was prepared similarly, except that the
acid chloride was dissolved in benzene instead of ether.

Substituted amides of 5-nitrofuran-2-carboxylic and 3-(5'-nitrofuryl-2')-acrylic acids. a) 0.03 mole amine hydro-
chloride was dissolved in 15 ml water, and a solution of 0.02 mole 5-nitrofuran-2-carbonylchloride or 3-(5'~nitrofuryl-
2" acrylyl chloride in 150 ml AcOEt added, and a solution of 0.03 mole Na,COq crystals in 20 ml water added dropwise,
with stirring. The organic layer was separated off and evaporated to dryness. The residue was triturated with water, the
solid filtered off, and dried in air.

b) 0.02 mole 5-nitrofuran-2-carbonylchloride or 3-(5-nitrofuran-2")-acrylyl chloride was dissolved in 50 ml
benzene, and a solution of 0.025 mole amine plus 0.02 mole pyridine in 20 ml benzene added dropwise at 20°-25° C,
after which stirring was continued for 1 hr more, the solvent distilled off, the residue triturated with water, the solid
filtered off, and dried in air.

Thioamides of 5-nitrofuran-2-carboxylic and 3-(5'-nitrofuryl-2’)-acrylic acids. 0. 02 mole amide or N-substitut -
ed amide, 3 g P,S;, and 50 ml EtOAc were carefully refluxed together on a water bath for 5 hr, the mixture cooled,
the insoluble material twice extracted with 30 ml EtOAc, and the extracts bulked with the main solution. The solvent
was distilled off under reduced pressure, and the residue recrystallized.

3, 5-Bis (5'-nitrofuryl-2')-1, 2, 4-thiadiazole. 0.86 g 5-nitrofuran-2-thiocarboxamide was dissolved in 100 ml dry
EtOH, and a solution of 7 g I in 100 ml dry EtOH added. Minute glistening plates began to separate. The flask was
closed with a stopper, and left for 10 hr, after which the precipitate was filtered off and washed with a small amount
of cold dry EtOH. Yield 0.44 g (56%), mp 230°-2381° C (ex toluene+ petrol ether). Found: C 39.67; H 1.48; N 18.21;
S 10.80%. Calculated for GyH,N,OgS: C 39.97; H 1.31; N 18.18; S 10.40%.
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