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thioiie (IC), 4,5-dimethyl-2-imidazolidinethione (ld), '  and 
tetrahydro-2-pyrimidiriethione (le),6 respectively, with 2a. 
The crude bromide salts were converted to  the free bases arid 
then t o  the  chloride salts for characterization. Thin layer 
chromatography of 3c+ in several solvent systems indicated that, 
the compounds were homogeneous. 

2-Bromo-l-(5-nitro-2-furyl)-l-propanone (2c).--Ethyl 5- 
nitro-2-fury1 ketones (25.0 g, 0.15 mole) was dissolved in warm 
CCll (200 ml). The solution was kept a t  60-70" while bromine 
124.0 g, 0.15 mole), dissolved i n  CCld (40 ml), was added rapidly. 
Iriitially there \\-as no reaction. The mixture was refluxed with 
stirring for 0.5 hr. -4fter this time, the reaction became very 
exothermic: stirring and heating were stopped until the reartion 
abated. Theii stirring and heating were contiiiued iintil HBr 
evoliitioii (.eased. The sohition waq boiled with charcaoal for 5 
mill and filtered. The filtrate was csoncentrated to ea. 50 ml: 
the prodiict precipitated after the addition of 400 ml of petroleum 
ether (bp  30-60"). The yield of crude product melting at  56- 
58" was 24.0 g (65.0%). Ilecrystallization of a sample from 
petroleiim ether (bp  30-60") raised the melting point to 59.5- 
60". 

Anal. Calcd for C;&Brxo~: C, 33.89; H, 2.44; Br, 32.22. 
Found: C, 34.20: H. 2.48; Br, 32.58. 

6,7-Dihydro-2-methyl-3-( 5-nitro-2-furyl)-5H-imidazo [2,1-b] - 
thiazolium Chloride (3g).-A mixture of 2c (124.0 g, 0.5 mole) 
and l a  (51.0 g, 0.5 mole) in dimet,hylformaniide (500 ml) was 
heated a t  130-140" for 10 min. The mixture was allowed to 
cool to room temperature, diluted with ether (400 nil), and fil- 
tered to yield 120 g (70.07,) of crude bromide salt. The salt 
was dissolved in water and neutralized with ayueoiis NanCOs 
solution. The red free base was collected, washed with walcr, 
and dried at  100" to yield 86.0 g (95yc). -4 sample of the free 
base (36.0 g, 0.14 mole) wa irred into concentrated HCI 125 ml) 
to give a yellow lumpj- pa The paste was stirred with 2-pro- 
panol (350 ml). diluted with ether, and filtered. The prodLict 
was dried a t  110' to yield 38.0 g (95%) of crude chloride salt. 
A portion of the salt (36.0 g)  was recrystallized from 2-propanol 
(10 ml/g) (charcoal) to give 31.0 g of 3a decomposing a t  255' 
when placed on a preheated melting point block. 

3-Chloro-4-( 5-nitro-2-furyl)-3-buten-2-one (8).-To a solu- 
tion of 6 (145.0 g, 1.57 moles) aiid 7 (141.0 g, 1.0 mole) in acetic, 
avid (500 ml) was added concentrated H*SO,i (100 ml) during 10 
min at  20-25'. The dark red solution was allowed to stand in the 
refrigerator for 6 days. The precipitate was collected, washed 

ropariol, and air dried. The crude material was re- 
ed from ethyl acetate (charcoal) to yield 96.0 g (44.57,) 

of 8 melting a t  118-120". Further recry,*tallization of the 
material from 2-propanol raised the melting point to 120-121 '. 

Anal. Calcd for CEH6ClNOI: C1, 16.46: N, 6.50. Found: 
C1, 16.48; N, 6.48. 

The nmr spectrum (CDCI,) displayed three singlets at  7 
7.5 (3H), 2.7 (2H), and 2.45 (1H). 

l-Chloro-4-(5-nitro-2-furyl)-3-buten-2-one (5).-A mixture of 
7 (107.0 g, 0.76 mole) and 9'O (182.0 g, 0.517 mole) in benzene 
(1200 ml) was refluxed for 1 hr. The beiizeiie was removed 
wider redirced pressure, arid the residue was recrystallized from 
methanol to yield 92.0 g (82.9';) of critde 5 melting at  134-136". 
A portion of the product (70.0 g) was recrystallized from 2- 
propanol to give 53.0 g of 5 melting at  137-138". 

dnal. Calcd for CsH6ClSO4: C, 44.56: H,  2.81; C1, 16.45. 
Found: C, 44.64; H, 2.89; C1, 16.47. 

The iimr spectrum ( Il lISO) showed hiiiylets a t  T 5.25 (2H), 
3.2: 2.91, 2.72, 2.68, 2.58, 2.30 (overlap)? and 2.24 with J = 16 
cps. 

6,7-Dihydro-3- [2-( 5-nitro-2-furyl)vinyl] -5H-imidazo [2 ,1-b]  - 
thiazolium Chloride (lo).-A mixture of l a  (31.0 g, 0.3 
mole) aiid 5 (65.0 g, 0.3 mole) in absolute ethanol (ca.  3000 
ml) was refluxed for 4 hr. The reaction mixture was cooled and 
filtered to giver 66.0 g of crude 10 decomposing a t  245'. Con- 
ceiitratioii of the filtrate followed by cooling resulted in a yecoiid 
crop of 14.8 g decomposing at 245'; total yield 50.8 g (89.7';). 
Recrystallization of crude 10 from methanol (charcoal) did not 
affect the deco nposition point. 

Anal. Calcil for Cl~HloCINaOaS: C, 44.0s: H, 3.36; K, 
14.02. Found:  C, 44.22; H, 3.58; S, 14.24. 
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The synthesis of several ?i'-acylamido-5-tiitro-2-furaniidiiies aiid 3-alkyl-5-(5-tiitro-2-furyl)-l,2~4-triazo~es is 
described. The aiitibacterial testing data  for these and other derivatives are discussed. 

X continuing search for new chemotherapeutic nitro- 
furans led to an investigation of 1,2,4-triazole deriva- 
tives arid intermediates. 

Chemistry.-The compounds herein reported were 
prepared by a niodificatiori of the method of Bromrie 
arid I'olya2 for the .yntheqs of 3-aryl-5-alkyl-4H- 
1,2,4-triazolei. Thui, ethyl 3-nitro-2-furimidate hy- 
drochloride3 mai treated with variouy alkyl hydrazides 
in the presence of 1 equiv of baie to yield N-acylaniido- 

( I )  Fo r  paper I1 in th i s  series see 11. .I. I3urcii and L. E. I3enjarnin. .I. .\Id, 

( 3 :  P:. J. 13roane ani1 J. 13. Polsa,  J .  Chem. Yoc., 5149 (1962). 
( 3 )  \V.  R. Yliernian and  -1. Yon l~sc~ l i .  J .  .IIud. Chern., 8.  2; (lYB.5). 

Ciiuni.. 9, 425 (1966). 

amidiiies (I). The physical and a n a l y t h l  properties 
of I are suniniarized in Table I. Cyclizat,ion of t,he S- 
acylaniidoamidines I was effected readily in refluxing 
phosphorus oxychloride solution or refluxing glacial 
acetic acid solution to give t,he 3-alkyl-5-(.5-nitro-2- 
furyl)-4H-1,2,4-t,riazoles (iI) listed in Table 11. These 
react,ions are sumniarizocl as shown in Scheme I. 
In  addit'ion, triazole IIa ( R  = H) was acetylated with 
a c h e  anhydride and car'oainoylated with methyl 
isocyanate in diiiiet,liylformamide solution tmo give I11 
and IV, respectively. S o  sat,isfact,ory method was 
found for establishing t,he position of ring-nit'rogen sub- 
stitut'ion in I11 and IV. Alkylation of triazole 1111 
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Screening Results.; -It caii be \eel1 from Table I11 
that all of the S-ac~ylatiiicloai~~idi~ies (I) and triazoles 
(11-Y) j)o~scss broad aiitibacatcrial activity in vitro 

. t rwt Llrt' IT ha.cd 011 t h c a  \ V o r L  of A~tklnsoll ar1tl Polyl 
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TABLE I11 
I n  VitTO ANTIBACTERIAL ACTIVITY OF I-VI 

Minimal inhibitory concentration, fig 'mla-- 
Staphylo-  Erysipelo-  Strepto- Strepto- Escheri- Escheri- S a l m o -  

coccus thriz coccus coccu9 chia ehia nella Aerobacter Proteus P s e u d o m o n a s  
aureus insidiosa pyogenes agalactiae coli coli typhosa aerogenes uulgarzs aeruginosa 

NO. Mi-sb Er-4 StA-1 StB-12 Es-2 Es-L SaD-13 he-6 Pr-12 Ps-44 

I a  12 12 12 100 3 6 6 25 100 >200 
b 25 25 12 200 6 12 6 100 200 >200 
C 12 3 50 50 3 25 3 100 100 >lo0 
d 12 3 25 50 3 25 3 100 200 >200 
e 25 25 50 100 6 2.5 3 100 200 >200 

VI 25 3 25 100 3 6 3 200 >200 >200 
I I a  6 6 6 100 0.75 3 0 .75  50 100 >200 

b 12 1 1 200 1 12 1 100 200 >200 
C 6 25 12 200 1 12 3 200 >200 >200 
d 6 50 25 100 3 50 12 200 >200 >zoo 
e 12 50 25 200 3 100 12 >200 >200 >200 
f 50 6 3 50 6 12 6 >50 >50 >50 

I11 1 2 . 5  6 3 100 1 . 5  3 1 . 5  25 100 >200 
IV  6 12.5  3 50 0.75 3 1.5 25 50 >50 
V 12 100 50 >200 0.75 3 1 . 5  100 200 >200 
Vitrofurazone" 1 2 . 5  1 2 . 5  6 1 2 . 5  3 12 .5  3 100 100 > 100 

5 Eaton Laboratories strain number. 
Minimum inhibitory concentration is the lowest concentration of compound that prevents visible growth after 24 hr of incubation. 

c FuracinB, for comparison. 

T Z B L E  Iv 
In VZZO ACTIVITY O F  I-VI 

, EDso (mice), mg'kg--- 
No. S aureus S typhosa 

12. 100 30 
b 160 32 
C >200 50 
d >200 46 
e 112 50 

VI > lo0  >lo0 
I I a  40 19 

b 126 43 
C 122 126 
d >loom >25 
e >25" 50 
f >200 163 

I11 70 35 
I v* 100 50 
v 151 76 
N itrofurazone* 50 100 

a Toxic a t  higher levels. Furacina, for comparison. 

the activity compared to the unsubstituted derivatives 
I Ia  and IIb. I n  general, the compounds herein re- 
ported gave better protection in mice against gram- 
negative bacteria than against gram-positive bacteria. 
It is interesting to note that removal of the acyl group 
from I a  to give VI causes loss of in vivo activity but 
does not affect appreciably the in vitro activity. Toxi- 
cological studies on several of the compounds in Table 
IV are in progress. 

Experimental Section6 
N-Formamido-5-nitro-2-furamidine (Ia).-To a stirred solu- 

tion of 30.0 g (0.55 mole) of sodium methoxide in 1000 ml of 
methanol was added 121 g (0.55 mole) of ethyl 5-nitro-2-furinii- 
date hydrochloride3 and 33.0 g (0.55 mole) of formhydrazide. 
The solution was refluxed for 1 hr and concentrated to dryness 

(6) A11 melting points were determined on a hot stage (AIel-Temp) melt- 
ing apparatus and  are corrected. 

in vacuo on a steam bath, and the residue was shaken with 100 ml 
of ice-water. The crude product was filtered, washed with water, 
and recrystallized from 95% ethanol (charcoal) from which I a  
separated as yellow needles. Other derivatives of I in Table I 
were prepared from the appropriate alkyl hydrazide. 
3-(5-Nitro-2-furyl)-4H-1,2,4-triazole (IIa).-A solution of 34.0 

g (0.17 mole) of Ia in 110 ml of glacial acetic acid was refluxed for 
4 hr and chilled thoroughly, and the crude product was collected 
by filtration. Two recrystallizations from aqueous acetic acid 
(charcoal) gave the product as tan micro crystals. Other 
derivatives of I1 in Table I1 were prepared by this method from 
the appropriate I. 

3-Methyl-5-(5-nitro-2-fury1).4H-1,2,4-triazole (IIb).-A so- 
lution of 51.0 g (0.24 mole) of I b  in 200 ml of POC4 was refluxed 
for 1 hr. The cooled mixture was poured cautiously into ice- 
water and stirred for 1 hr. The crude product was collected by 
filtration, washed with cold water, and air dried on the funnel. 
Recrystallization from aqueous ethanol (charcoal) gave the 
product as pale yellow needles. 
l-Acetyl-3-(5-nitro-2-furyl)-lH-1,2,4-triazole (III).-A solu- 

tion of 45.0 g (0.25 mole) of I I b  in 300 ml of acetic anhydride was 
heated on a steam bath for 2 hr and concentrated to dryness 
in vacuo on a steam bath, and the residue was recrystallized from 
acetic anhydride (charcoal). The product separated as pale 
yellow needles. 

l-Methylearbamoyl-3-( 5-nitro-2-furyl)-lH-l,2,4-triazole (IV). 
-A solution of 50.0 g (0.28 mole) of I I a  in 300 ml of dimethyl- 
formamide containing 50 ml of methyl isocyanate was heated on 
a steam bath with stirring for 45 min. The hot solution was 
treated with charcoal and filtered. The fitrate was diluted with 
300 ml of water and the mixture was chilled thoroughly. The 
crude product was collected by filtration and washed with water. 
Recrystallizat'ion was effected rapidly by taking up portions of 
the crude product in boiling 957, ethanol (charcoal), filtering the 
mixture by suction, and cooling the filtrate as quickly as possible. 
The product separated as long yellow needles melting a t  188.5- 
190" followed by resolidification and decomposition a t  257-259'. 
Prolonged heating in alcohol converted IV to I Ia .  

2,3-Dimethyl-5-( 5-nitro-2-furyl)-lH-1,2,4-triazole (V).-To a 
stirred suspension of 40.0 g (0.21 mole) of I I b  in 1000 ml of 
methanol was added 11.3 g (0.21 mole) of sodium methoxide. 
After refluxing the mixture for 20 min, 40 ml of methyl iodide 
was added dropwise within 10 min. The mixture was refluxed 
for an additional 1.5 hr and concentrated to dryness in vacuo 
on a steam bath, and the residue was slurried in cold water. 
The crude product was filtered, washed with water, and re- 
crystallized from methanol (charcoal) to give V as yellow needles. 

N-Amino-5-nitro-2-furamidine Hydrochloride (VI).-To 500 
ml of methanol containing 50 g of dry HCl was added in  portions 



witli stirring below 10" 196 g (0.99 mole) uf Ia. Stirritig was - t i i d .  C':iicd fur c , ' l I t i K ~ o J ~ l ~ ~ , Y :  C!, 2!).[Ki: I i ,  
i*(rritiriued in the cold for 3 hr, arid then at room temperature 1 i . I f j ;  S. 2i.12. F o ~ i i I t t :  C ,  2S.72. If. :;A<: ( ' 1 .  ! ; .I?. X ,  
overnight. Dilution with 2 vol of anhydrous ether precipitated L ' i . O 1 ,  
the product. The crude product was filtered, talceir up iu 100 n i l  

Nitrofuryl Heterocycles. 1I-l. 
l-Ainino-2-(5-nitro-Z-furyl)quinazoliiie Derivatives 

Thirty-five .l-(>ubstitiited aniiiio)-2-~5-1iitro-2-fur~l~quiii 
i n  vitro antibacterial activity against a variety of orgatiisms. 
Staphylococcus aureus iiifections. 
A nevi molecular grouping responsible for enhancing the antibacterial activit,y of nitroftiraiii. is posttilatecl. 

)lilies wwe 1rrepuc:ti :tiid foiitid t o  1x1 
Several compoiiiid. n-ere also wtive in w"10 agaiiist. 

The moat active compouiid contained the 4-l)ir(2-hydroxyet hy1)amino gro111). 

In the previou? paper, of this serieb' it ~ v a i  \howii 
that the attachment of a heterocyclic ring system to 
the 2-position of the 5-nitrofuran nucleus frequently 
gave antimicrobial agents. It is the intent of thih 
and a succeeding paper to demonstrate that the at- 
tachment of a condensed pyrimidine ring system to thc 
"position of the nitrofuran ring will also give deriva- 
tives possessing exceptional antibacterial activity. 
Thii ring system is represented by the following general 
formula. This paper i, concerned with the synthesik 

'N' 

:md biological evaluat'iori of 4-uriiirio-'-(;,-iiitro-L'- 
furyl) quinazoline derivat,ives. 

Chemistry.-The general procedure of Dyniek and 
Uerezowski2 was followed t'o prepare quinazolinone 
(11) from et.hyl 5-nitro-2-furimidat,e (I) . 3  Chlorina- 
tion of I1 mit'h phosphorus pentachloride solut,ion gave 
t,hc 4-chloro derivat'ive I11 in an over-all yield of about' 
7276 from I. Displacement, of the chloro group in 
111 with a' variet,y of amines proceeded smoot,hly in 
tliniethylformamide (DRIF) solubion t,o give the amino 
derivatives IV listed in Ta,ble I. These reactions are 
summarized in Scheme I. 

Screening Results.-The 4-amino derivatives I\- 
were screened for in vitro and in  vivo ant'ibacterial 
activity according to  the procedures described pre- 
vioi~sly.~ It can be seen in Table I1 t,hat, the 35 dc- 
riv:ttives of IV herein reported possess broad in vitro 
activity against, bot'h gram-posit.ive and gram-negative 
organisms. The activity of several of the derivatives 
(13-16, 18, 19, 22-26, 28-31, arid 33) against both 
Pseudomonas aeruginosa and Proteus vulgaris is par- 

(1) For  the previous paper in this series see H. A. Burch and \\'. 0. Smith,  
./. , \ I d ,  Cl i rm. ,  9, 405 (1966). 

( 2 )  \Y. Dymek and L. YereLowski, Diuser tu l io r i e s  I'harni. 16, 23 (1003) ;  
C h e n ~ .  ADslr.. 59, 1149lb (196.3). 
(:i) \V. I t .  Sherman and A. Yon I<sclc, 
(4) I(. F. Elsetino, 15'. F. Carey, and B 

\ f e d .  Chein., 8 ,  25 (IgCiGJ. 
Steveuson. i b i d . ,  6, 633 (1W.M). 
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t1rularly ilotc\\urtlly. Tlic 1110't :LcdII-o ~ ~ ~ l l i l ~ l ~ l ~ L l l i l ~  

rontairi tlic ~-liydrosyethylamino group. l 'It( ' ll-- 
CH20H, in \\liich R i \  H (7), alkyl (13-16), or Iiytlro 
alkyl (18 :mi 19) Thev c~ompound~   SO denioii- 
strated good ac*tirrity 111 L'UU ngain*i Stapliylococc us 
auieus infection. i r i  niiw. The in z1ico dnta :m s u i i i -  

mnrized in Tablc 111. Tlic next nio-t :wti\-c. groui) of 
canpound. caonttrin thc dialk~1:tinmoalkylamirlo groiip- 
ing (22-33). Except for compound 33 (y-niorpholirio- 
propylamino) this group demon~trated good 21) ~ * i / ,  
activity but failed to show in vivo activity at the l(~\-t~l\  
teited. The toxicity of wveral cwnipouiitls ctcwrih~tl 
in Tablc I1 is being 1nvestigatc.d. 

Experimental Section 
h i 1  nioltiiig points  ere taken o r i  :t h t r t  stag(. (ltel-'l7(~ni1)) 

riieltiiig apparai us and are corrected. 
2 4  5-Nitro-2-furyl)-4( 3H)-quinazolinone (11). ---Tu :i stirred 

solution of 2 i .O  g (0.5 mole) of sodium methoxide in 500 nil of 
methanol was added 110 g (0.5 mole) of ethyl j-iiitro-2-furimidate 
hydrochloride" :rnd then 68.5 g (0.5 nioIe) of anthraniIic acid. 
The mixture was reflimed for 4 hr and concentrated to tlryne+ 
in uacuo on a stearn bath, and the residue was shaken with 500 
ml of ire-water. Thr niisturt: was acidified with aretic :ii8itl. 

t o  give 114 g (895,;) of 11. Recr 1liz:ttioti of :t xirnple froiii 

yellow niicmi iie~tllc: (I(.- 

7 ,  1 lie crirtie prodiict \\-:I. fihered, wvc.nalietl with wxtcr, :inti dried 


