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10yc formalin solution; ir 3.57.; (OH,,  1720, 1650 (CO), 1530, 
1340 (SO?), 1020 and 963 em-' (nitrofuran). 

4,5-Dihydro-6-(5-nitro-2-furyl r-as-triazin-3(2H)-one (28).- 
Extreme caution should be used during the performance of this 
reaction. An i ceH10  bath should be available. 

A 500-ml t,hree-neck flask, fitted with a thermometer and a 
stirrer, was charged with 10.0 g 10.06 mol) of finely pulverized 
4,5-dihydro-6-(2-furyl)-us-triazine-3( "Hj-onej and 300 ml of 
CHCl,. The suspension was heated to boiling with stirring and 
then allowed to cool t o  50". With continued stirring, 15 ml of 
concentrated HNOI (sp gr 1.42) wah added slowly in about' 1-ml 
portions. When the addition pia.< completed (ca.  5 min), the 
stirrer was temporarily stopped. A globular material accumu- 
lated on the CHC1, surface. The instant coalescence began 
(observed by vigorous bubbling with evolution of brown fumes), 
the stirrer was started, and an ice-H20 bath was raised around 
the flask. Sfter chilling the dark red homogeneous s o h i o n  to 
lo", 150 ml of cold H20 wa.q added in one portion. The product 
separated instantly as yellow cry3talh which were filtered off, 
washed thoroughly with cold H.0, and air dried; ir 3225 (NH), 
1695 (CO), 1515, 1345 (SO.), 10'23 and 962 cm-I (nitrofuran). 
6-(5-Nitro-2-furyl)-3-thio-as-triazine-3,5~2H,4H)-dione (29).- 

To 400 ml of cold (10') concent.rated HtSOa was added 60.0 g 
(0.30 mol) of 8 in portions with 3tirring. .\fter cooling to -5",  
a chilled solution of 25 nil of coilcentrated H S O I  (sp gr 1.42) in 
40 ml of concentrated H280, wa.? added dropwise with stirring 
at  such a rate that the temperature was kept below -5". The 
addition required 3C-40 min. Stirring was continued below 0" 
for 1 hr after which t>he misture \va+ poured cautiously into 3 1. 
of ice-HnO. The crystallized prodnct was filtered off and washed 
thoroughly with H20: ir 31.50 iSH! ,  168% (CO), 1515, 1343 
(NO*), 1018 and 967 em-' initrofuran). 

By means of a similar procedure compounds 30 and 31 were 
prepared from 9 and 10, re-pectirely. 

t-Acetamido-6-(5-nitro-2-furyl )-ns-triazin-5(4H)-one (36). 
To 160 ml of fuming ( 9 0 5 )  HSOr waa added 22.4 g (0.11 mol) 
of 14 in small portions with stirring below 10". The solution was 
kept in the cold for 0.5 hr after which it was poured cautiously 
into 1 1. of ice-HsO. The crystallized product was filtered off and 
washed thoroughly with cold H.0: ir 3150 (NH), 1700, 1638 
(CO), 1528, 1360 (SOz), 1020 and 967 em-' (nitrofuran). 
3-Imino-6-(5-nitro-2-furyl~-as-triazine-3,5(2H,4H)-dione (35). 

-A suspension of 70.0 g (0.30 mol J of 36 in 1 1. of 2076 aqueous 
HC1 was refluxed for 6 hr. The wlrition was cooled and the tan 
solid filtered off and washed with H2O: ir 3420 (NH), 1655 
( G N ) ,  1625 (CO), 1528, 1340 ( S O ? ) ,  1015 and 967 cm-l 
(nitrofuran). 
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As part of our inveatigation of the potential anti 
bacterial properties of nitrofuryl heterocycles, methods 
were evaluated for the preparation of nitrofuryl 1,2,4- 
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triazole derivatives. An earlier paper presented our 
explorations of 3-alkyl-5-(5-nitro-2-furyl)-l,2,4-tri- 
a ~ o l e s . ~  This note presents our work on the prepara- 
tion and testing of 3-(5-nitro-2-fury1)-A2-l ,2,4-triazolin- 
5-ones. 

Initial routes to this ring system by decarboxylative 
cyclization of 2-furanglyoxylic acid bemicarbazone' in 
alkaline KI-Iz solution, ring closure of ?-furaldehyde 
semicarbazone with either FeCl3 or I i3Fe(CS)6, ther- 
mal or PZOj dehydration of 2-furoic acid semicar- 
bazide, or alkaline rearrangement of 2-amino-.J- 
(2-fury])-l,3,4-oxadiazolej proved undesirable. Hoiv- 
ever, by a modification of the method of Pesson, et al.,7 
the intermediate 5-nitro-N-uredio-2-furamidine hydro- 
chlorides, obtained from the reaction of eth:, 1 5-nitro-2- 
furimidate hydrochloride (1)8 with various Yemicarba- 
zides, readily cyclized in refluxing PhS02 to give the 
A2-1,2,4-triazolin-5-ones 6-9. Difficulties in purifica- 
tion made it necessary to characterize the hitro-.V- 
ureido-2-furamidine hydrochlorides as their free bases 
(2-5). With the exception of 2 the free ha+e- failed to 
cyclize when heated to 200" in PhSO?. 
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Although cyclization of the 5-nitro-S-ureido-2- 
furamidines could lead to the isomeric 2-amino- or 2- 
imino-1,3,4-oxadiazole structures, the presence of car- 
bonyl absorption a t  1690 cm-1 in the ir and their 
failure to form HCl salts indicated that 6-9 are best 
represented by the Az-1,2,4-triazolin-5-one .tructure. 
The nmr spectra of compounds 6-9 were a140 conqistent 
with this structure assignment. Finally, an authentic 
sample of 2-amino-5-(5-nitro-2-furyl)-l,3,~-osadiazoleg 
was prepared from 5-nitro-2-furoylhydraziiie and 
CSBr. I t  showed no absorption in the 1670-1T90 cni-I 

region and showed a depression of the melting point on 
admixture with 6. 

Table I summarizes the physical properties of the 
compounds prepared. The antibacterial testing data, 
obtained by standard procedures, 011 compound. 6-9 
are summarized in Table 11. 

Experimental Section'O 

5-Nitro-,~-ureido-2-furamidine (2).--A mixture of 100 g (0.45 
mol) of l,B 34 g (0.45 mol) of semicarbazide, andSOOm1 of absolute 
Et,OH was heated at 30-60" for 30 min m-ith occasional stirring. 
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