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2- (5 -Ni t ro -2 - fu ry l ) -  subst i tuted imidazo-  [1, 2-b]-benz othiazole and imidazo-  [1, 2-a] -pyr id ine ,  
6- (5 -n i t ro -2 - fu ry [ ) -  subst i tuted 3- (2-furyl) - i m i d a z o -  [1, 2 -b ] - l ,  2, 4 - t r iaz ine ,  2 -me thy l -  and 
2 - ( 2 - f u r y l ) - i m i d a z o - [ 2 , 1 - b ] - l , 3 , 4 - t h i a d i a z o l e s  and a lso  2, 6 - d i - ( 5 - n i t r o - 2 - f u r y l ) - i m i d a z o -  
[2 ,1 -b ] - l ,3 ,4 - th iad iazo le  were  obtained f rom bro rnorne thy l -5 -n i t ro -2 - fu ry l  ketone and the 
co r respond ing  he t e rocyc l i c  amines  with amidine s t ruc tu re .  The g r e a t e s t  an t imicrobia l  
e f fec t  among the imidazo compounds is exhibited by 2 - ( 5 - n i t r o - 2 - f u r y l ) - i m i d a z o - [ 1 , 2 - a ] -  
pyr id ine  but in m o s t  c a se s  it  has a weaker  effect  than furazol idone.  

(5 -Ni t ro -2 - fu ry l ) - subs t i t u t ed  he te rocyc i ic  imidazo compounds with a common ni trogen atom (I-VI) 
we re  synthes ized  in the s e a r c h  for  new highly effect ive  chemotherapeu t ic  agents,  and their  ant irnicrobial  
action was studied. These  compounds were  obtained by the Chichibabin method f rom brornorne thy l -5-n i t ro -  
2-fury[  ketone and he te rocyc i i c  amines  with amidine s t ruc tu r e , a s  shown in the example  of 2 -aminoben-  
zothiazoie.  In addition to the la t ter ,  2-aminopyr id ine ,  3 - amino -5 - (2 - fu ry l ) - l , 2 , 4 - t h i az ine ,  5 - m e t h y l - 5 -  
(2-furyl) - ,  and 5 - (5 -n i t r o -2 - fu ry i ) - subs t i t u t ed  2 -a rn ino- l ,3 ,4 - th iad iazo les  were  used in the react ion:  
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~': R = g-nttro-2-furyl 

Depending on the p r o p e r t i e s  of the amines  and the reac t ion  conditions, (5 -n i t ro -2 - fu ry l ) - subs t i tu t ed  
he te rocye l ic  imidazo compounds a r e  fo rmed  e i ther  d i rec t ly  or the p r i m a r y  reac t ion  products ,  5 - n i t r o - 2 -  
f u r aey i ammon ium bromides ,  a r e  obtained and then t r a n s f o r m e d  into he te roeye l ie  imidazo compounds under 
ce r ta in  conditions. Fo r  example,  f rom 2-aminobenzoth iazole  and 2-amino-5-methy l - l ,3 ,4- th iad iazo le ,  
boiling with benzene, or  a m i x t u r e  of the l a t t e r  with ethanol gives a la rge  yield of 2 - a rn ino -3 - (5 -n t t ro -2 -  
fu racy l ) -benzo th iazo l ium (Ia) and 2 - a m i n o - a - ( 5 - n i t r o - 2 - f u r a e y l ) - 5 - m e t h y l - l , 3 , 4 - t h i a d i a z o l i u m b r o m i d e  
(IIIa), r espec t ive ly ,  which a r e  stable compounds,  which,l ike other analogous compounds [1, 21, a re  t r a n s -  
fo rmed  into the imidazo compounds I and III only by boiling in water  or dioxane. At the s ame  t ime,  Ia and 
IIIa behave dif ferent ly  in ace t ic  acid: Ia is eyel ized,by boiling in acet ic  acid, to I, and IIIa is decomposed,  
and one of the decomposi t ion p roduc t s  is the initial 2 -a rn ino -5 -me thy l - l , 3 ,4 - th i ad iazo le .  With 2 -amino -  
pyridine,  b ro rno rne thy l -5 -n i t ro -2 - fu ry l  ketone in dry  low-polar  so lvents  (ether, benzene) during cooling 
f o r m s  2 - a m i n o - l - ( 5 - n i t r o - 2 - f u r a c y i ) - p y r i d i n i u r n  b romide  (IIa) which even at room t e m p e r a t u r e  and upon 
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prolonged standing in these  solvents  is pa r t ly  t r a n s f o r m e d  to 2 - ( 5 - n i t r o - 2 - f u r y l ) - i m i d a z o - [ 1 , 2 - a l - p y r i d i n e  
(II). The ta t ter  is fo rmed  f rom IIa upon boiling with wa te r  o r  ethanol and a lso  in contact  with aqueous so -  
dium aceta te ,  the yield in the two l a s t  c a se s  being much g r e a t e r  (up to 87% calcula ted for  the bromoketone)  
than in the synthes is  of II f r o m  the amine and bromoketone,  by boiling in a m ix tu r e  of ethanol and d imethyi -  
f o r m a m i d e  (63% calcula ted  for  bromoketone)  [3-7]. In this case,  as in the synthes is  of II, III,  and V, the 
conclusions of [8] to the effect  that d ime thy l f6 rmamide  has a specif ic  weakening effect  on the C - B r  bond 
is  not conf i rmed and thus it  can be used as  a med ium for  alkylation (i.e., a lso for  the subsequent  cyel izat ion 
to [midazo compounds), with g r e a t e r  effect  than the other solvents ,  fo r  example,  ethanol.  

The produc t  of the reac t ion  of 3 - a m i n o - 5 - ( 2 - f u r y l ) - l , 2 , 4 - t r i a z i n e  with b r o m o m e t h y i - 5 - n i t r o - 2 - f u r y I  
ketone, in acco rdance  with the l i t e r a tu re  data of [9] may  be a de r iva t ive  e i ther  of i m t d a z o - [ 1 , 2 - b l - l , 2 , 4 -  
t r i az ine  (VI) or  of i m i d a z o - [ 2 , 3 - e ] - l , 2 , 4 - t r i a z i n e , b u t  we be l ieve  the s t r u c t u r e  VI to be m o r e  probable  on 
the bas i s  of the works  [10, 11] which have demons t ra t ed  the g r e a t e r  r eac t iv i ty  of the N 2 c o m p a r e d  with the 
N 4 t r i az ine  r ing.  

In cont radis t inc t ion  to the 5-methyl  der ivat ive,  the 5 - (2 - fu ry l ) -  and the 5 - (5 -n i t ro -2 - fu ry l ) - subs t i t u t ed  
2 - a m i n o - I ,  3 ,4- th iadiazoles ,  when boiled in ethanol or  in a mix tu re  of ethanol and dimethylformarnide,  f o rm 
d i rec t ly  the imidazo  compounds IV and V. We p r e p a r e d  the 2 - a m i n o - 5 - ( 2 - f u r y l ) - l , 3 , 4 - t h i a d i a z o l e  used in 
the synthes is  by oxidation of the th iosemica rbazone  of furfurol  with po ta s s ium fe r r i eyan ide  (identical with 
the p repa ra t ion  obtained by reac t ion  of furoyichior ide  with th iosemiea rbaz ide  [12]). 

The imidazo compounds I -V a re  h igh-mel t ing  yellow, shiny laminas;  VI is a brownish  powder.  They 
a re  read i ly  soluble in d imethy i fo rmamide ,  spar ingly  soluble in dioxane and ether ,  insoluble in wa te r  and 
ethanol.  In p r e s e n c e  of the furyI  group ( iv and vI) or  a second ni t rofuryl  group (V), the compounds a r e  
spar ingly  soluble in a m i x t u r e  of d ime thy l fo rmamide  and water .  This  c i r c u m s t a n c e  caused  diff icult ies  in 
ascer ta in ing  the i r  an t imierobia[  effect.  

As it is shown in Table  1, the g r e a t e s t  an t imicrob ia l  effect,  c lose  to the effect  of furazol idone [13], 
is  exer ted  by 2 - ( n i t r o - 2 - f u r y l ) - i m i d a z o - [ 1 , 2 - a l - p y r i d i n e  (II), hence it  was studied in g r e a t e r  detail  (Table 2). 
Imidazothiadiazole  V, despi te  the p r e s e n c e  of two ni t rofuryl  groups,  p roved  to have li t t le activity, not only 
c o m p a r e d  with furazol idone but a lso  with the orginaI  2 - a m i n o - 5 - ( 5 - n i t r o - 2 - f u r y i ) - l , 3 , 4 - t h i a d i a z o l e , w h i c h  
is  known as a r e l a t ive ly  powerful  bac te r ios t a t i c  agent [14]. The an t imicrob ia i  effect  was de te rmined  by the 

p rev ious ly  desc r ibed  method [14]. 

E X P E R I M E N T A L  

2 -Amino -3 - (5 -n i t r o -2 - fu r acy t ) -benzo t h i azo t i um Bromide  (Ia). To a solution of 2.34 g (10 mi l l imoles)  
of b r o m o m e t h y i - 5 - n i t r o - 2 - f u r y l k e t o n e  in 15 ml  of dry  benzene, a solution of 1.5 g (10 mi l l imoles)  of 2- 
aminobenzothiazole  in 15 ml  of the s a m e  solvent was  added. Two days ta ter ,  the yellow needles  we re  f i l -  
t e red  off, washed with d ry  ether ,  and dried over  sulfur ic  acid. Yield 2.74 g (71%), mp 213-214~ Found %: 
C 40.94; H 2.83; N 10.70. C13HIoBrN304S. Calculated %: C 40.62; H 2.62; N 10.93. 

2 - A m i n o - l - ( 5 - n i t r o - 2 - f u r a c y l ) - p y r i d i n i u m  Bromide  (IIa) was p r e p a r e d  in dry  e ther  with ice cooling 
in analogy to In, and f i l t e red  a f t e r  4 h. Yield 92%, rap 164-t65 ~ Found %: C 40.70; H 3.45; B r  24.49. 
CllH10BrN304. Calcula ted %: C 40.26; H 3.07; 

TABLE 1. Anf imierobia l  Activi ty of the 
Ni t rofury l imidazo  Compounds 

Num-  Min. conc. of  prep. 
suppressing growth of 

. microbes "(#g / m l )  Microorganism ber of 
strain I II III  v 

St. aureus . . . .  209 3 3 
Bac. rnycoides J 537 1 
E. colt . . . . .  / 675 >100 
Sh. sonnei . . . .  / 5 o63 [ > 100 
Salm. paratyphi A / 290 I > 1 0 0  

~> B ~ 493 I 66 
typhi | 4 446 100 / / 

33 - -  
17 600,5 0,5 
I~,5 > 100 

100 - -  
2 I00 

I00 ,7 
I00 > I00 

B r  24.01. 

2 - A m i n o - 5 - m  ethyl-  3- (5-n i t ro-  2 - fura  cyl) - 1,3,4-thiadia-: 
zol ium Bromide  (IIIa): 1.15 g (10 mi l l imoles)  of 2 - a m i n o - 5 -  " 
me thy i - l , 3 ,4 - th i ad iazo le ,  2.34 g (10 mi l l imoles )  of b r o m o -  
me thy l -5 -n i t r o -2 - fu ry lke tone ,  60 ml  benzene and 30 ml  
ethanol were  boiled for  2 h, and the p rec ip i t a t e  f i l te red  and 
washed with e ther .  Yield 3. /5 g (96%), mp 232-233 ~ Found %: 
C 31.17; H 2.79; N 16.00. CgHsBrNtOtS. Calculated%: C 30.91; 
H 2.59; N 16.07. 

2 - (5 -Ni t ro -2 - fu ry l ) - imidazo - [1 ,  2-c])benzothiazole  (I)... 
A. 1 g of Ia and 700 ml  ethanol a re  boiled for  30 rain, cooled, 
and the yellow needles  f i l t e red  off. Mp 249-250 ~ (with de-  
composi t ion) .  
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TABLE 2. Antimicrobial Effect of 2-(5-nitro-2-furyl)-imidazo- 
[1,2-a]-pyridine (II) and Furazolidone 

M i c r o o r g a n i s m  

Sh ige l l a  f l exner i ,  T. 2-a 
)> T. 2-a 
~> >> S e r g e e v  

Sh ige l l a  sonnei . . . .  
~> S t n z e r i - - S c h m i t z i i  
~> Boydi i ,  T. 1 . . . 
~ sonnei  . . . . . .  

S a l m .  p a r a t y p h i  A 
>~ >) B 
~ t yph i  . . . . .  

. M i n .  c o n c .  Of 
�9 ~ p r e p . ,  w h i c h  

;2 I dep re s se s  
/ g r o w t h  o f m i ~  

i- cr__obes ~ g / m I )  

[ H F u r a z o l -  
tdo e 

170 
337 

c/N-~ 
7 1 4  
128 
196 

5 063 i 
290 
493 

1203 
~ . . . . . . .  6 1 0 3  

~ . . . . . .  4 4 4 ( ]  

>~ a b o r t u s e q u i  . . . c/~_o 
>> a n a t u m  . . . . .  378 
>> e n t e r i t i d i s  g a r t n e r i  c /No.  
~> london . . . . .  9 005 

2 
2 
0,52 -- 
4,1 ?,41 
2 
2 
2 ) ,2  
2 ), 83 
0 , 7  [ },83 
1,041 },41 

i 
,26 ),83 

[,3 

i, 1 - -  

I 

M i c r o o r g a n i s m  

Z 

M i n .  c o n c ,  o f  
p r e p . ,  w h i c h  

dep re s se s  
g r o w t h  of  m i -  
c r o b e s  ( l ~ g / m l )  

F u r a z o l -  
n ] i d o n e  

l 

Salm.  n e w p o r t  . . . .  5761  ] 4 ,1  - -  
~> thomson  . . . .  2 988 [ 0,52] 
~> e n t e r i t i d i s v ,  dubl in  c/N'.~ I 2 ] 
>> l y p h i m u r i u m  . . . c / N o  0 ,52  
~ ~> . . . . . .  4 8 6 7 [  1 ,04  I 
~> >> . . . . . .  5591166,6 1 

Escher ieh ia  coli . . . 675 t 12 ,5  I ) ' -  
>~ >> . . . .  M - 1 7 [  0 ,52[  3, I 
~> ~ . . . .  3 5 3 5 /  16 ,6  12 ,5  

Baci lus  aerogenes  . . . 3 5 4 5 [  0 , 2 6  8 , 3  
Proteus  vu lga r i s  . . . i [100 3 3 , 3  

~ >> . . . : . 5 | ' 6 6 , 6  1 3 3 , 3  
>~ ~> . . . . .  c /N~ .  | 6 6 , 6  [ 50  
>~ mi r ab i l i s  . . . .  56/10 / 66 ,6  [ 33 ,3  
~ re t tge r i  . . . . .  37 /1  [ 2 / 26'25 
, mor ann   . . . .  /   3150 / 

B. i g of la is dissolved in 250 ml of boiling acetic acid. Following treatment of the solution with 
charcoal and cooling, 0.55 g (75%) of I is filtered off. Mp 250-251 ~ (deeomp.). Found %: C 54.83; H 2.49; 

S 10.93. Ci3HTNaO3S. Calculated %: C 54.72; H 2.47; S 11.24. 

2-(5-Nitro-2-furyl)-imidazo-[l,2-a]-pyridine (II). A. 0.98 g of IIa is boiled 20 rnin in5 rnl water and 
the precipitate filtered. Yield 0.45 g (66%), mp 242 ~ After recrystallization from ethanol, mp 255 ~ 

Found %: C 57.34; H 3.28; N 18.24. CIlHTN303. Calculated %: C 57.64; H 3.08; N 18.34. UV spectrum (in 
ethanol), kma x, m# (loge): 233 (4.38); 280 (3.81); 370 (4.16). 

B. 2.34 g (i0 millimoles) of bromomethyl-5-nitro-2-furylketone, 0.94 g (i0 millimoles) of 2-amino- 
pyridine in 50 ml dry ether are left standing for 24 h, the ether is decanted and the residue boiled with 500 ml 
of ethanol, the solution treated with charcoal, cooled, and II filtered off. Yield 70-80%, mp 254.5-255 ~ 

C. The precipitate of technical IIa, obtained as described in the experiment (A), [s mixed for 30 rain 
with a solution of 5 g crystalline sodium acetate in 20 rnl water and II filtered off. Yield 2 g (87% cal- 
culated for bromoketone), mp 242-245 ~ After recrystallization from ethanol or acetic acid, hap 255 ~ 

2-Methyl-6-(5-nitro-2-furyl)-imidazo-[2, l-c]-l,3,4-thiadiazole (IIl). 1 g Ilia and 30 ml water are 
boiled for an hour and III filtered off. Yield 0.6 g (83%), rnp 262-263 ~ (decomp.). After recrystallization 

from dioxane mp 262-264 ~ (decomp.). Found %: C 43.20; H 2.50; S 12.90. C9H6N403S. Calculated %: C43.20; 
H 2.42; S 12.81. UV spectrum (in ethanol) 7tma x, rn# (log e): 369 (3.88). 

2-Amino-5-(2-furyl)-l,3,4-thiadiazole. 29 g (0.088 mole) of potassium ferricyanide, 25 g (0.18 mole) 
of crystalline sodium acetate, 200 ml water and 6.76 g (0.04 mole) of the furfurol thiosernicarbazone are 
mixed 6 h at 60-80 ~ the precipitate filtered off and washed with water. Yield 6.65 g (~i00%), rnp 230 ~ 
FollQwing precipitation from dimethylformamide solution with water, mp 238-240 ~ (238-239 ~ [12]. 

6-(5-Nitro-2-furyl)-2-(2-furyl)-imidazo-[2,1-e]-l,3,4-thiadiazole (IV). A. To a solution of 0.98 g 
(5.9 millimoles) of 2-amino-5-(2-furyl)-l,3,4-thiadiazole in 7 ml dirnethylforrnamide, add a solution of 
1.38 g (5.9 millirnoles) of bromornethyl-5-nitro-2-furylketone in 7 ml ethanol, heat the mixture 2 h on the 
water bath, dilute with 50 ml water and filter off 0.54 g (28%) of IV. Mp 275-276 ~ (decomp., fromdioxane). 
Found %: C 47.83; H 2.16; S 10.42. CI2H6N404S. Calculated %: C 47.68; H 2.00; S 10.61. 

B. If the same quantities of the same reagents are boiled 2 h in 70 rnl ethanol, the yield of IV is 34%, 
rnp 276-278 ~ (decomp.). 

2, 6-Di(5-nitro-2-furyl)-imidazo- [2, l-c]-l,3,4-thiadiazole (V). Mix solutions of 2.12 g (i0 millimoles) 
of 2-arnino-5-(5-nitro-2-furyl)-l,3,4- thiadiazole in 20 ml dirnethylformamide and 2.57 g (ii millirnoles) 
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of b r o m o m e t h y l - 5 - n i t r o - 2 - f u r y l k e t o n e  in 15 ml  ethanol, boll 5 h, let  stand overnight,  f i l t e r  off the p r e c i p i -  
tate and wash with ethanol. Yield 1.3 g (40%), mp 283 ~ (decomp.).  By dilution of the f i l t r a te  with wa te r  
p rec ip i t a t e  1.74 g of the reac t ion  product  with mp 140-160 ~ (decomp.), f r o m  which an additional quantity 
of V with mp 283-286 ~ (decomp.,  f rom d imethyl formamide)  is obtained by boiling with 50 ml wa te r  and 
c rys ta l l i za t ion  f rom d imethy l fo rmamide .  Found %: C 41.79; H 1.63; S 8.96. CI2HsNsO6S. Calculated %: 
C 41.50; H 1.45; S 9.23. 

6 - ( 5 - N i t r o - 2 - f u r y l ) - 3 - ( 2 - f u r y l ) - i m i d a z o - [ 1 ,  2-c]-1,  2 ,4 - t r i az ine  (VI). 0.81 g (5 miUirnoles) of 3- 
a m i n o - 5 - ( 2 - f u r y l ) - l , 2 , 4 - t r i a z i n e ,  1.28 g (5.5 mi l l imoles)  of b r o m o m e t h y l - 5 - n i t r o - 2 - f u r y l k e t o n e ,  5 ml 
d i rne thyl formamide  and 5 ml  ethanol a r e  heated 4 h on the wa te r  bath, the p rec ip i t a te  is f i l te red  off and 
washed with boiling ethanol.  Mp > 300 ~ Found %: C 52.62; H 2.51. Cl~HTN504. Calculated %: C 52.53; 
H 2.37. 
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