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AND I M I D A Z  O [ 2 , 1 - b ] T H I A Z O L E  

N. O. S a l d a b o l ,  L .  N. A l e k s e e v a ,  
B. A. B r i z g a ,  L .  V. K r u z m e t r a ,  
a n d  S. A.  G i l l e r  

UDC 615.28:547.751].012 

In continuing investigations of the syn thes i s  and antimicrobic propert ies  of furyl-subst i tuted heterocy-  
clic condensed sys tems containing a nodal nitrogen atom [1,2], (5-R-furyl-2)-substi tuted indolizine (Via, VId), 
imidazo[1,2-a]pyridine (VIIa, VIIb, VIId), and imidazo[2,1-b]thiazole (VIIIa-VIHc) and (IXa, IXc) (R =H, 
Br,  NO2) have been synthesized and data on their  antimicrobie effects are  presented. 

The synthesis of these compounds was carr ied  out by the Chichibabin method [3, 4] based on bromo- 
ethyl (furyl-2) ketone {Ia), its 5-bromo and 5-nitro derivatives (Ib and Ic), and also a~-bromoethyl (furyl-2) 
ketone (Id). The method of ketone bromination in a mixture of dioxane and ether  [5] was used for the syn- 
thesis of {Id), described for  the f i r s t  time b y  us. 

Reactions of the bromoketones with 2-picotine, 2-aminop~widine, 2-aminothiazole, and its 4-methyl  
derivative resul t  in the formation of the ketoammonium salts {II-V), of which (IIa) [6], (IIc) [7], (IV'a), {IVc) 
[8], and (Va) (Vc) [2] were described ear l ier .  In contrast  to other ketoammonium salts ,  the ketoammonium 
salts  (IIIa), IIl-b, IIId) obtained f rom 2-aminopyridine had a tar - l ike  consistency and were used for fur ther  
eyetization without isolation in pure form,  
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TABLE 2. 
vi t ro (/~g/ml) * 

I 

Compound I~" aureus Bac. my- N_~ 675 N.~ 5063 209 coidesN~. 537 E. coli Sh. sonnei 

I 
via i ~133,3 
VI1a ~133 3 
VII c i 16,6 
Villa i 6,6 
VIIIc ~ -- 
IX a i >66,6 
IX c 
X > 33- 

I 

Antimicrobic Effect of Furylazabicyclic Compounds in 

I 
> 1OO ] 10O 
>lOOl 100 
1,04 1<0,0019 
1O0 100 
- -  2,5 

> 100 [ lO0 
33 t 8,3 > 1o0 100 

Salm, p.a- Salm. fyp- Salm.typhi 
, { : ~ Y P ~ 3  h i . ~  hr. o 4446 J~.murium4867 

lOO > 100 > 100 
lO0 100 > lOO 
0,7 2,08 1,04 
100 lO0 > lOO 
2,5 1,66 -- 
lO0 100 > lO0 
6,25 12,5 -- 
10o lOO > lOO 

j~133,3 
/~133,3 

0.5 
~133,3 

> 6 6 , 6  

Proteus 
vulgari~ 

hr_~l 

> 1oo 
> 1o0 
> 100 
> 100 
>20 
>100 
> lOO 
> 100 

*Determined by the dilution method in a liquid nourishment  medium 
(Hottinger solution); resu l t s  considered after 24 h. 

The IR spec t ra*  of (IVa) and (Va) contain broad bands of intense absorption in the 3200-2900 cm -1 
region,  which can be assigned to v of associated N - H .  These bands have weakly projecting peaks co r -  
respondingly at 3130, 3080, 3040, 3020, and 3123, 3090, and 3015 cm -1, which correspond to superposit ion of 
v of r ing CH, since IR spect ra  of 1-(2-furoylmethyl)2-picol inium bromide (IIa) and 1-(2-furoylmethyl)-  
pyridinium iodide contain narrow bands at approximately these same frequencies (3120, 3090, 3040, and 
3010 era-t). Compounds (IIa), (IVa), (Va), and (X) have intense absorption bands at 1690-1685 cm -1 (C = O) 
and 1570 cm -1 (vibrations of 2-carbonyl  furan derivatives),  which are  absent in the subsequent cycl izat ion 
products and also a band at 1640-1635 cm -1, which can be assigned to C = N + or  C = N [9]. In the case of 
(IIa) and (X) the latter band has average intensity and in the case of (IVa) and (Va), possibly because of 
superposit ion of u of NH, it becomes very  intense and more  broad. 

UVspectra$ of (IIa), flVa), and (Va) have an idenfiical charac te r  (Xma x 270 nm, log ~ 4.21, 4.32, and 
4.25, respect ively)  and are  s imi la r  to spec t ra  of (X) (Xmax 270 nm, log s 4 .21) , l - (2- furoylmethyl )p iper -  
dine (hmax 272 nm, log e 4.20), and its hydrobromide(Xmax 273 nm, log e 4.23). 

On the basis  of UV and IR spectroscopic  data for the react ion products  of (Ia) with 2-aminothiazole 
or its 4-methyl  derivative (IVa and Va) it is not possible to show a preference  for s t ruc ture  A or  B [10]: 

A "H~N S B HN- 8 

Cyclization of ketoammonium salts  not having a substituent in position 5 of the furan r ing or  having 
bromine as a snbstitutent occurs  upon heating with an aqueous solution of sodium bicarbonate,  while 
cycl izat ion of the ni t rofuracyl  derivatives (IIIc) [1], (IVc), and (Vc) [2] occurs  mere ly  upon heating with 
water or  organic solvents (alcohol, dimethyfformamide,  acetic acid). 

In addition, an at tempt to obtain 2-(5-nitrofuryl-2)indolizine (VIc) cyclization of 1 - (5 -n i t ro -2 - fu roy l -  
methyl)-2-picol inium bromide (Hc) [7] by heating in dimethylformamide,  by react ion with aqueous solutions 
of sodium bicarbonate or acetate,  and also by analogy with construct ion of other condensed sys tems  having a 
nodal ni trogen (reaction with t r ie thylamine in methanol [11], react ion with sodium acetate and acetic an- 
hydride and subsequent cleavage of the acetyl group [12], boiling with concentrated hydrobromic  acid [13,14]) 
did not give positive resul ts .  

Data on furyl-subst i tuted azabicyclic compounds are  presented in Table 1. 

(Furyl-2)-  and (5-bromofuryl-2)-subst i tuted azabicyclic compounds are  color less  crystal l ine 
mater ia l s ,  darkening upon storing. Compounds not containing the nitro group in the furan r ing are very  
soluble in alcohol, e ther ,  benzene, chloroform,  acetic acid, dioxane, and dimethylformamide,  insoluble in 
water,  and poorly soluble in cold petroleum ether.  Fury l -  and bromofuryl-subst i tu ted imidazopyridine and 

T a k e n  on a UR-10 instrument  in hexachlorobutadiene (3600-2000cm-lregion)  and in minera l  oil (2000-800 
cm -1 region). 
tTaken on an SF-4 spectrophotometer  in alcohol solution. 
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imidazothiazole  give s table  sa l t s  with p ic r ic  and m i n e r a l  acids.  Furyl indol izine (Via) and its methyl  
der iva t ive  (VId) darken  upon reac t ion  with mine ra l  acids and f o r m  yel low-brown prec ip i t a tes  with picr ic  
acids ,  which decompose  upon a t tempts  to r e c r y s t a l l i z e  them f rom alcohol. 

Ni t rofurylazabicycl ie  compounds are  yellow crys ta l l ine  m a t e r i a l s ,  soluble in d imethy l fo rmamide ,  
hot dioxane, and acet ic  acid, and insoluble in water .  The i r  sa l t s ,  like sa l t s  of other n i t rofury l -subs t i tu ted  
ni t rogen-conta ining he te rocyc l ic  compounds,  can be obtained by reac t ion  with acid in anhydrous golvents;  they 
eas i ly  undergo hydro lys i s .  

All of the obtained azabicycl ic  compounds give an intense red  or  c r i m s o n - r e d  color  with concentra ted 
sulfur ic  acid which d i sappea r s  upon dilution with water ,  and all of them subl ime in vacuum. 

An absorpt ion m a x i m u m  in the 249-258 nm region is cha r ac t e r i s t i c  for  UV spec t r a  of fu ry l -  and 
b romofury laza indenes ,  while second m a x i m a  of low-intens i ty  absorpt ion  appea r s  at 320-340 nm in the 
case  of indolizine and imidazopyridine  der iva t ives  (Via, VId, and VIIa, VIIb, VIId). Two bands of s t rong 
absorpt ion (235-245 and 370 nm) appear  in all  c a se s  af ter  introduction of a nitro group into the furan ring. 

The r e su l t s  of a study of the an t imicrobic  effect  of fury lazabicycl ic  compounds and their  substi tuted 
der iva t ives  in vi t ro in re la t ion  to g r a m - p o s i t i v e  and g ram-nega t ive  bac t e r i a  a re  p resen ted  in Table 2. The 
min imal  concentra t ion of fury lazabicyc l ic  compounds r e t a rd ing  growth of the m i c r o o r g a n i s m s  amounts to 
100 ~ g / m l ,  while it i nc r ea se s  sharp ly  for  phenyl analogs: e.g. ,  for  6-phenyl imidazo[2,1-b) thiazole  and its 
p -n i t ro  der iva t ive  it is equal to 7800 ~ g / m l  [5] in re la t ion  to Staphylococcus aureaus ,  Salmonel la  typhi, 
and Esche r i ch i a  coli .  Thus,  subst i tut ion of the phenyl group with a furyl  group leads to a s t rong inc rease  
of an t imicrobic  ef fec t  which i nc rea se s  even m o r e  in the n i t rofury lazabicyc l ic  compounds (VIIc, VIIIc,  and 
IXc). The s t ronges t  bac te r ios t a t i c  effect  is shown by n i t rofury l imidazopyr id ine  (VIIc), while its a romat i c  
analog, 2 -p-n i t rophenyl imidazo[1 ,2-a]pyr id ine  (X) [16], was found to be of low activity.  

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

a-Bromoethy l ( fu ry l -2 )ke tone  (Id). To a solution of 24.8 g of 2-propionyl furan  in 40 ml  of dioxane and 
80 ml  of e ther  with i c e - w a t e r  cooling and intense s t i r r ing  was added 0.4 ml  of bromine;  a f ter  15 min,  when 
the mix ture  had lightened, the r emain ing  10 ml  of bromine  was added over  30 rain and the mix tu re  was 
diluted with 40 ml  of e ther  and 120 ml  of water .  The e ther  layer  was separa ted ,  washed with 40 ml  of water ,  
40 ml  of a sa tura ted  aqueous solution of sodium bicarbonate ,  again with water ,  and dr ied with sodium 
sulfate.  The e ther  was dis t i l led and the res idue  was dist i l led in vacuum using a rod -and-d i sk  type f r a c -  
t ionating column. Yield was 19.4 g (48%). It is an oily, s t raw-ye l low,  rapidly  darkening liquid, having a sharp  
smel l ,  and is a s t rong l ach rymato r .  Bp 82-84 ~ (3mm), n~  1.5537, d 2~ 1.5268. Found %: C 40.91; H 3.20; 
Br 38.96. C7HTBrO 2. Calculated %: C 41.41; H 3.48; Br 39.35. 

1 - [~ - (2 -Furoy l )e thy l ] -2 -p ico l in ium Bromide  (Hd). To a solution of 10.2 g of f r e sh ly  dis t i l led (Id) in 
20 ml  of e ther  was added 4.2 g of 2-picol ine and the mix tu re  was left  for  4 days; the prec ip i ta te  was sepa-  
ra ted  and washed with e ther .  Yield 5 g (33.8%), mp 178-182 ~ (from a mix ture  of absolute alcohol and ether) .  
Found %: C52.82;H 4.68; N 5.02. Ct3Hi4BrNO 2. Calculated %: C 52.72; H 4.76; N 4.73. ~max (in alcohol) 
255 nm,  log e 4.36. 

3 - ( 2 - F u r o y l m e t h y l ) - 2 - a m i n o - 4 - m e t h y l t h i a z o l i n i u m B r o m i d e  (Va). The compound was obtained analo-  
gously by mixing an e ther -d ioxane  solution of technical  (In) and an acetone solution of 2 - a m i n o - 4 - m e t h y l -  
thiazole.  Yield 79%, mp 192-194 ~ (from a mix ture  of alcohol and ether);  l i t e ra tu re  data [2]: mp 174 ~ 
Found %: C 39.48; H 3.78. C10HllBrN202. Calculated %: C 39.61; 3.66. 

Azabicycl ic  Compounds. Method A. We heated 70 m m o l e s  of the a - k e t o a m m o n i u m  bromide  to boiling 
with 70 ml  of water  and 10 g of sodium bicarbonate ,  and upon cooling f i l te red  the prec ip i ta te  and washed it 
with water .  

Method B. We dissolved 0.3 mole  of bromomethyl ( fury l -2)ke tone  in 100 ml  of e ther  of acetone,  added 
0.3 mole of 2-picol ine or  2-aminopyr id ine ,  r e spec t ive ly ,  a f ter  2 days poured the liquid f r o m  the viscous  
ke toammonium bromide  prec ip i ta te ,  washed it with 50 ml  of e ther ,  heated it with 250 ml  of water  and 25 g 
of sodium bicarbonate  to boiling, and upon cooling f i l te red  the prec ip i ta te .  

Method C. We bromina ted  0.3 mole  of methyl(furyl-2)ketone in a mix tu re  of 60 ml  of dioxane and 
120 ml  of e the r  with 15.2 ml  of b romine  [5] and poured the mix ture  into 120 ml  of water  and 120 ml  of 
e ther .  The e the r  layer  was separa ted ,  washed two t imes  with 50 ml  of wate r ,  dr ied with sodium sulfate,  
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f i l te red ,  and mixed with 0.27 mole of the corresponding methyl-  or aminoheterocycl ic  compound. After 2 
days the precipi tate  was separa ted  and heated with 25 g of sodium bicarbonate and 250 ml of water;  upon 
cooling the precipi tate  was separated.  

Method D. To ~n e ther  solution of diazomethane, prepared  f rom 0.4 mole of n i t rosomethylurea ,  at 
0-5 ~ was added a solution of 0.1 mole of 5 -b romo-2- fu roy l  chloride and the mixture  was left for  1 h at room 
tempera ture .  A solution of the diazo ketone was obtained [17]. To it was added 100 ml of a 40% solution of 
hydrobromic  acid and the mixture  was heated for  1 h on a water  bath and poured into 1 l i ter  of water .  The 
e ther  layer  was washed with a solution of sodium bicarbonate and water  and dr ied with sodium sulfate. To 
the obtained solution of bromomethyl(5-bromofuryl -2)ketone  was added 0.085 mole of 2-aminopyridine or  
2-aminothiazole ,  respec t ive ly ,  and operat ions were ca r r i ed  out fur ther  as descr ibed  in method B. 

Method E. We mixed 0.04 mole of bromomethyl(5-ni t rofuryl-2)ketone in 40 ml of d imethylformamide 
with 0.04 mole of the aminoheteroeycl ie  compound in 40 ml of alcohol and heated the mixture  on a water  bath 
for  3 h, diluted it with two volumes of water,  and f i l tered the precipi tate .  

Azabicyclie Salts. These were  prepared  in the following way: p iera tes ,  by reac t ion  of an alcohol 
solution of picr ie  acid; hydrochlor ides ,  by reac t ion  of an alcohol solution of hydrogen chloride,  precipi tate  
washed with ether;  hydrobromides ,  by addition of a 40% solution of hydrobromic  acid to an acetone solution 
of base,  precipi tate  r ec rys t a l l i zed  f rom alcohol; perch lora tes ,  by react ion with a 57% solution of perchlor ic  
acid. 
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