
R '  Rp& @ \ \  

('H-C'I 
I 

, 
CH-CI 
11 

ot1it.r p-bis(chloromethy1) model.. . i l l  ma) be rep- 
rewited by I ,  the simple benzene derivative ( I ,  
R = Hj i i  iiiactive but the durene derivative. ( 1 ,  
I{ = CH,) ha' enough .teric re5emblarice to the highl). 
active II to impart activity t o  the hiniple benzene ring. 
In the hex:tchloro compound (I, R = C1) the bull+ 
halogen atonii have a11 equivocal cffrct : the  trcnd t o  
higher toxicity may mask any latent :intitunnor activit) 

Tn-o additionnl points of iiiterebt conceriiirig the> 
propertie. of the compouiid' in T h l c  I x i h e .  i I ) 

the ICH? derivative. are le- xctive bio1ogic:illj thaii 
t h r  corre\ponding ClCH, hydrocaihn. under t h r  
te-ting coridition., although niucli inore rcnctivc 
chemically a. alkylnting agent*; ( 2 )  the ClCH, coin- 
pounds of Tablth I (A) :I\ well it< thc 1a.t compouritl 
I I I  Table I (13) -ho\v .trong :ictivit> 1 5 , s .  the S - 3 i  :I.cit<J\ 

tumor, :rgnin.t which S muitard;. iiicluding H S 2 ,  havcx 
riever ,howl  more than borderline :ictivit) (ii "degree" 
of 1.5 to  1.8). The S mustard. i1i Tabk  I1 i i i ~  :iI,o 
much more :xtive :i. :t group i l l  thi. te-t t l inr i  :in) 

S inu.t :wlh PT'CT twted i11 this laboraton-, :in indic:ition 

Sitrofuryl Heterocycles. S. Analogs of 
6-(5-Nitro-2-furyl)-as-triazine-3,5(2H,4H)-d* lone 

In n previouh note from thi, laboratory, Hajes' 
reported the bylit he& and aritibacterial activitj 
of 6- j.j-nitro-2-fur\ 1) -as-t riazine-3,3 (2H,4H) - dioiie ( I ) .  
Siiice I WLS alba excreted t o  a significant extent in the 
urine of the mouse, rat, and monkey, the compound wao 
of intereht a b  a potential urinary tract aritibacterial 
agent. On thic basi., the .tructure of I was modified 
at positions 2 through 5 111 a11 attempt to enhance 
biologic activity. 

1Iost of the compou~ids reported herein were pre- 
pared by modification. of the general as-triazine-3,5- 
diorie iynthesir uqed by Haj-ei to  prepare I. The 

, I )  For the  previous Val)er in this seriw bee 1 1 ,  li .  Synder, ,Jr.,  and  1.. 1,;. 
l hn j amin ,  J .  .?fed. C h p m . ,  13, 164 (19701. 

(21 I<. Hayes, i h i d . ,  7 ,  819 (1964). 

I 

remaining con~pourids were piqxtrcd bj. ~iiotliticuticrir~ 
of the procedures iw-iewed by Erickxoii.:' Tabk I 
xunirnarizex the compounds prepared. 

Compounds 15-36 were scrceiied for iiririary tract :I(*- 

tivitl- by measuring the p w  cent of the or:d d o a e  escrcti!ii 
in rat urine follo\viiig ;I 24-hr cullectioii pcriod wirig 
both :intibacterial (Escherichia coli)  :iiid \I\.  specti'o- 

These data :we i u n i  
Table 11. Using I as a st:mcl:ird, it ciiri bc 
the data in Table I1 that iioiie of the :iiialo 
excreted a? well as the parerit compound ir i  the uriiiv 
of rats. The mo3t wctive analog prepared \viis th(, 
%thio compound, 29, which showed about one-half thv 
urinary excretion of I .  Compoundb 17, 21, 22, 24, and 
28 were excreted sigiiif-icaiitly in  t'he urine :ih meiisuretl 
by uv assay but not by :intibacterial assay: ail observa- 

ay techniques. 

( 3 )  J.  Q. Erickson in 'Tile "C1,emistri. of HeterocJclic Conipouriil.. ' 

sberger. Ed.,  Inrewcirncr P~ihlisliera. Inc.. Seir .  Ymk.  S .  )' 

1Y56. Chapter 2 .  
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TABLE I 

I 

R2 

289 

K O  

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 

12 

13 

14 
1 .j 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 3 
26 
27 
28 
29 
30 
31 
32 

33 

34 

3 -5 
36 

1 

R I  

CH3 
C3Hi 
i-C3Hi 
i-C4Hs 
CH2CHzOEt 
CHzCH=CH2 
H 
H 
CH3 
H 

CHs 
C& 
C3Hi 
i-CaH7 
i-CIHs 
CH2CH2OEt 
CH,CH=CH, 
H 
CH3 
CHZOH 
CHZCHlS-I-Pr2 
CH,COPh 
CHZCH=CH2 
H 
H 
CHI 
H 

H 

R >  

H 
H 
H 
H 
H 
H 
CH3 
H 
H 
CH3 
H 

H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
CH3 
CHa 
CHzOH 
CH2CHzS-i-Pr2 
CH2COPh 
CH,CH=CHz 
H 
H 
H 
CH3 
H 

H 

H 
H 
H 

Ra x 
H O  
H O  
H O  
H O  
H O  
H O  
H O  
H S  
H S  
H S  
H SCHI 

H h g  

H h S 0  

H NHAc 
x02 0 
so2 0 
NO, 0 
so2 0 
KO, 0 
SO? 0 
30, 0 
NO, 0 
KO2 0 
NO* 0 
NO, 0 
NO? 0 
NO2 0 
so, 0 
KO2 s 
NO% S 
x02 s 
NO2 SCHI 

TO2 h a  

so,  N (  

NO2 NH 
302 S H A C  

Y AIp, oc 
0 134.5-136 
0 184.cj-18.5 
0 235-335.3 
0 196 .5-197.5 

0 193. .i-194.5 
0 239.3-240.5 
0 320 

0 136-137 

0 246-247 
0 261-262.5 
0 260-261.5 

0 349-3.i0 

0 323 

0 307-308 
0 264-263 

0 193-196.5 
0 246-248 

0 218.j-219 
0 202-203 
0 181.5-182.5 
0 174-17.; 

0 213-215.5 
0 126-127 
0 98-99.5 
0 188-189 
0 102-103 
H2 244-24.5 , 3  
0 249-230 
0 210-212 
0 210-211 
0 311-312 

0 340 

0 240 ,3-241.5 

0 330 

0 350 
0 334-334.5 

Yield, 
7, 

51.5  
25 .3  

9 . 5  
17 
28 
22 .8  
36 
99 

100 
90 .5  
8 .j 

100 

59 

52.2 
52.2 
98.4 
35 .2  
44.2 
31.9 
49.2 
16 .3  
50.2 
12.5 
45 
11 
50 .8  
86.2 
70 
62.4 
22.5 
59 .5  
41.4 

33.6 

30.9 

60 
20 

Recrystn 
solvent 

l I e 0 H  
A q  EtOH 
Aq EtOH 
MeOH 
EtOH 
EtOH 
l l e 0 H  

AcOH 

NeOH 

AcOH 

DLIF 

Aq AcOH 
AcOH 
AcOH 
i2q AcOH 
-4q AcOH 
i-PrOH 
EtOH 
Aq -4cOH 
Aq i lc0H 

XH3-HC1 

SH3-HC1 

a Analyse. for C, H, and N unless otherwi\e noted. Analyses for C, H, S. Calcd: C, 57.22; found: C, 57.85. Calcd: C, 35.00 
found: C, 35.67. 

tion which suggests the excretion of inactive or less 
active metabolites. 

Experimental Section4 

2-Furanglyoxylic Acid 4-Methylsemicarbazone.-A hot solu- 
tion of 112 g (0.80 mol) of 2-furanglyoxylic acid2 in 500 ml of 
h l e 0 H  Ti-as t,reated with charcoal and filtered. To t'he filtrate 
was added 75.5 g (0.85 mol) of 4-methylsemicarbazide and 10 ml 
of concentrated HC1. The resulting solution was refluxed with 
stirring for 1.5 hr, treat,ed with charcoal, and filtered. Upon 
cooling t,he filtrate a t  0" overnight, the product separated as 
yellow crystals in 141 g (83.5%) yield, mp 167.5-169' dec (MeOH). 
Anal. (C8HgS3O4) C, H.  Calcd: N, 19.90. Found: N, 20.66. 

2-Furanglyoxylic acid thiosemicarbazone was prepared simi- 
larly in 8 7 . 7 5  yield from 2-furanglyoxylic acid and thiosemi- 

(4)  All melting points were taken in a capillary (Lfel-Temp) melting 
apparatus and are corrected. The  compounds reported herein had satis- 
factory anal\-ses within zt0.47, of the theoretical ralues for the elements 
indicated unless otheruise noted. I r  spectra were determined on a Perkin- 
Elmer l lode l  21 Ppectrophotometer as  p\-ujol mulls. 

carbazide, nip 165.5-166.5' (H20-EtOH). Anal. (C7HiN,03S) 
C, H, S. 

2-Furanglyoxylic acid 4-methylthiosemicarbazone was pre- 
pared similarly in 75y0 yield from 2-furanglyoxylic acid and 
4-methylthiosemicarbazide, nip 154-154.5' dec (H20-EtOH). 

2-Furanglyoxylic Acid Guany1hydrazone.-A mixture of 42.0 g 
(0.30 mol) of 2-furanglyoxylic acid and 34.0 g (0.31 mol) of 
aminoguanidine hydrochloride (prepared by bubbling dry HC1 
through an EtOH suspension of 0.31 mol of amiiioguanidine car- 
bonate) in 500 ml of H20 \vas heated on a steam bath for 0.5 hr 
with stirring. Charcoal n-as added and the mixture was filtered. 
The addition of solid Na2C03 precipitated the colorless product 
which was filtered o f f ,  washed with H20, and dried to give 29.5 g 
(50.4%), mp 350' dec (H20-Et0H).  Anal. (C;H6?;402) C, H, S. 
6-(2-Furyl)-4-methyl-as-triazine-3,5(2H,4H)-dione (7).-To a 

solution of 15.4 g (0.67 g-at,om) of S a  in 500 ml of absolute EtOH 
xere added 141 g (0.67 mol) of 2-furanglyoxylic acid +methyl- 
semicarbazone and 1.2 1. of propylene glycol. The resulting 
solution was refluxed with stirring overnight and concentrated 
iinder reduced pressure until a solid began to separate, when the 
reaction mixture was diluted with 300 ml of hot H20. When the 

Anal. ( C ~ H O S ~ O ~ S )  C, H, N. 



a -1 = 276 DlIF-HL); U = J', \!I>'; EtOH)-I-I20, C = H10, 1) = $).i',C EtOH, E = 2 ( ,  I)lIF-95',; l*:tO€I, F = 1II' I ] ) \ IF-  f I J O ,  
* Minimum inhibitory ci.ilic.eiitrati~li~ i- the  lowest concentration of compound that prevents visible growth after 2 4 - h ~  iii~~iibatioil. 
" Per cent of oral do.e a- determilied 11). :iiitiharterial assay against E .  coli; 24-hr wine col1ectic.m. d Per cent of oral dobe :I- determiiietl 
by iiv spectroscopy: 24-hi iiritie i~olle(~tiiiii. ' Inipregiintecl p : a p t ~ i '  
disks (30 pg) .  

LTv ciirves of excreted iiriiie resemble that for tlriigs adniiiii,terrti. 
Zoiie tli:ameter- ii! r ~ i i i i  iiiclude the 6-mm disk, except, negative reaptions art' rrcortlrd a> 0 .  

resul~ant soltition w:i> poiiretl i i i t  1 1  2 1. < i f  ice-I120 cviitaiiiing 300 
ml of concentrated HC1, the pri-idiii,t prwipitated. 

Compound 10 wa- ryc.1izei.i - i i~ii larl~- from 2-fiiranglyoxylic 
acid 4-methylthio;ieniicar~a~,. i i~~. 

6- (2-Furyl)-3-thio-us-triazine-3,1 t 2H,4H )-dione IS).---.?, sus- 
pension of 20.0 g (0.0'1 mol, or' 2-iiiraiiglyoxylic acid thiosenii- 
carbazone in 300 ml ~f HJ) \\-a* aiijiicted to pH 7-8 by the addi- 
tion of 10 N S a O H  silliitioii. -11. xlditioiial 5 nil of base was 
added, after \vhich the i i i l i i t i o i ~  XI- refliixed for 3 hr. The 
solution was chilled tlior(tughl?- :ii!ii acidified with AcOH to 
precipitate the prcitltic.1 ~ I i i c . 1 ~  J \ L -  f i l t e i~d  off: ir 3150 ISH), 
1690 cm-I (CO). 

3-Acetamido-6-(2-furq-I~-c~~~-triazin-1[4H)-one (14).--.4 ails- 
pension of 100 g (0.51 mcll of 2-t'iiraiigl>-oxylic acid guariyl- 
hydrazone in 500 nil of pyridiiie n ;I,- 1 reated with 150 nil of Ac10. 
The stirred mixture w:i. hentell brirtl> o i i  s steam bath to initiate 
~ i i  exothermic reactioii. -\iter ciioliiig iiir about 20 miii, heating 
on  a steam bath was rebiiiiied for 2 h i . .  The mixture was poiired 
iiito 2.5 1. of ice-H20 aiid alh\\-ed t o  .lalid for 2 hr to  precipitate 
the product which waa filtereci ( i f f ,  

6-(2-Furyl)-2-meth~l-u .~-triazine-3,5(2H,4H)-dione (1,1--:\ 
5-1. flask was charged \riTli 185 g 3.0 1ii111i of l l e S H S I I I ,  1.5 1. 
o f  H20,  aiid 230 g (3 .1  mril I ili IiSC'( 1 TIJ this stirred solutioii 8 
S HCI was added dropn& a t  25' diiriiig sboiit 5 hr until the 
solution remained slightly ar,itiii. pII ('1 . This solutioii was 
kept overnight a t  25' d t e r  which i i  w:i. acidified t o  pH 2 with 
concentrated HCI. Thiq fredily prepared 2-iiiethyl.emicarbazide 
soliitiori (1 1.) \Vas mixed wiTh 42.1) g t0.31 mol) of 2-fiiraiiglyosylic 
acid. The resiiltant . - i ~ I ~ i t i ~ i i i  JV:%- > t i r i d  at  25-30" for 2 hr after 
which pH 11 was ohtained tiy th<. atidition of aqiieous KOH. 
The alkaline solutioii was he:iret-l 1 1 1 ,  ;I -team bath Jvith stirring 
for 1 hr, chilled thororighly, :xiid acidified a i t h  concentrated HCl 
to precipitate the protliict which wa. filiered off'. 

Compounds 2-6 aiid 9 were prep:ired .similarly from the ap- 
propriately siibstitiited hvdraziiie. 

6-(2-Furyl)-3-methylthio-as-triazin-51,4H)-one ( l l ) . -A aolu- 
tioii of 140 g (1.0 iiiril' id 2-fiir:iiiglyosylic acid and 100 g (1.1 
mol) of thiosemicarbazide i i i  1 I. d SIeOH containing 2 ml of 
concentrated HCI \vn: refliiseil \vir11 -tirriiig for 0.5 hr. Met,hyl 
iodide (150 g, 1.05 mol: n-a- added i i i  -mall portions through the 
condenser at, such :I rate t1i:it floo{ling of the condenser was 
minimized. Refliisirig n-a. the11 c,oiitiriiied for 6 hr. After 
chilling the mixtiire t lioroiighl>-, the precipitated product wa$ 
filtered off; ir 3130 ( S I T  , 162: un-!  C'O). 

6-(2-Furyl)-3-pyrrolidino-n4-triazin-.j~4H)-one ilZ).--A eohi- 

tioii uf 100 g (0.48 n i d j  uf 11 ill ti00 nil of pyrr~lidii ir  \%:I- ir- 

fliised for 22 hr. The liberated 12leSI-I w a b  captured iii a11 :iqiielIiis 
SaOH trap. The mixtiire was then puiired iiito 1 1. iii' ii.e-H/() 
aiid acidified with coiii.entrated HC1 to preripitate the pn1it i i i . f  

which was filtered off': ir 3120 (XH): 1630 mi-' fC0) .  
Compound 13 was prepared similarly from 11 aiid niiirpholitic~. 

6-(5-Nitro-2-furq-l)-2-methyl-as-triazine-3,512H,4H )-dione 
115j.--'To 600 mi I J f  i i 1~~0  was added dropiriae a-ith -iiri,iiig :it 
3 -XO" a solution of 20 drops of c~oiiceiitrated 11,804 iii 4-l 1111 of 
concentrated H S O s  / F p  gr 1.12). The resiilting soltitii~ii w:j% kq) i  
ict 25-30" with intermitteiit cooling for 15 niiii after whic>li 4:S.G 
g (0.23 molj of 1 was added iri small portioiib tluriiig 3 iniii. 
(looling was tlewssnry t,ci keep The temperatiire :ii 25-  :W. 
:lfter completing the additioii, stirriiig was coiitiiiiieil ni :30° ( ( 2 1 .  

10 mill aiici then at 43" for 5 miii. The coi~led -oliitioiI \ \ a -  
poiired iiito 8 1. of ic.cb-l120 and stirred iintil the prcidiici t ~ > + i : i l -  
lized. The crude product was filtered off and washed ~ h i ~ m i i g h l y  
with cdd IT20; ir l i17 ,  1680 iCO),  1518, 1:J4.i [SO:!, 1( i l>,  !I67 
i , i i i r L  i iiitinftiran). 

(-'aiitioii qhoiild be iisecl iii fidlowiiig thi, prwediii.e. -iiic.e 1 l i t -  

i~~iiction ma\- he qiiit e exotherniic~. 
Hy Iiie:%ri* of  R siniilnr procediire, 16-23, 32, :mid  33-34 i 'ot i i -  

poiii id 34 pi,epared at  <5' i i i  the at)~eiic~e I J f  
pared from the appropriate fiirgl coinpoiinti. 
2,4-Dimethyl-6-(5-nitro-2-furyl)-us-triazine-3,5( 2H,4H j-dione 

!231.- -To  a stirred cii-peiisioii of 0.22 mol of S a H  iiniiieral 1) i1  
sii-peii-ioii) i i i  300 nil of  dry D l IF  \v:I> added iii inial1 portioii- 
.iO.O g 10.22 mol) c i f  1 . 2  .?,fter the enbiiing re:tctiori had  ;.iil)-idetl 

, 1 hi), 85 g (0.6; i i i i i l )  o f  1\Ie2SOr and 22.4 g 10.22 mol 1 I I ~  

('O,, were added. The resiilt,ing mixtiire wa. henteil \vi l l i  
at ir ing at ca. 1Oio for  24 hr. The hot mixtiire wab p i i i i r e i l  i i i t o  

:Z 1. of ice1320 :tiid the cviitainer scratched to  indiire cr>,*t:illil:i- 
tioii. The prodrici,  as filtered off and washed with 1~111tl I T J J :  
ir l i20,  1670 iCO), l,-il.i, 1352 (NO!), 1032 and $172 IT - '  ,ii i i i~i- 

fIlralL'1. 

BY meaiia of  a siniil:ir I)roceclrire c*oiiiporiiida 25-27 \\ ere' 1 ) ~ -  
pared from I and the appropriately siibstitiited alkyl halide. 

2,4-Bis(hydroxymethy1)-6-i5-nitro-2-furyl)-ns-triazine-3,5- 
(2H,4H)-dione Hemihydrate 124).---.1 mixture of 22.4 g rO.10 
mol) of I and 12.0 g (0.40 mol) of pai'aformaldehyde i i l  :100 n i l  
iJf 1120 containing 2 nil of c'oiiceiitrated HCl nas refliixed I o I  i r ~  
niiti during which time solution became nearly complete. Thc, 
lioi mixture was filtered arid the filtrate was chilled r~aii-iilg i i  
gum to separat.e. 
tallized. The prodiict n-n, fillered off aiid reci~yitnllizecl i n  i i i i  

After seyeral days i n  the cold the p i n i  i 
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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 c e H 1 0  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 
a t  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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Nitrofuryl Heterocycles. XI. 
3-(5-Nitro-2-fury1)-l"-1,2,4-triazolin-5-ones. 

Lours E. B m J a m s ,  HOMER -1. BCRCH,~ 
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. ~ N D  RICHIRD DCIBSOX 

Chemotherapy Divis ion,  T h e  A-orwich Pharmacal  
Company ,  A o r w c h .  .l-eic. Y o r k ,  13815 
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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- 

(1) For the previous paper in this serie- see H -1. Burch, J .  M e d .  C h e m . ,  

(2) To \\horn inquires concerning this paper should be addressed. 
13, 288(1970). 

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?. 

1 

R 
(free base 2-5) 

I1 

6-9 

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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mined as  Nujol mulls on a Perkin-Elmer Model 135 Infracord. The nmr 
spectra were obtained on a Varian A6O.I instrument using Mersi as a n  
internal standard. 
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