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The action of nitrosating agents and bromine on 6-(2'-furyl)imidazo[2,1-b]thiazole and its 
3-methyl, 5'-bromo, and 5'-nitro derivatives was studied. The structures of the products 
were proved by UV, IR, and PMR spectroscopy and thin-layer chromatography. 

In a continuation of our study of the electrophilic substitution reactions of furylimidazo heterocycles 
[i, 2], we have investigated the nitrosation and bromination of 6-(2'-furyl)imidazo[2,l-b]thiazole (Ia) and 
its 3-methyl (Ib) and 5'-nitro derivatives (IXe and IXf). In analogy with 2-(2'-furyl)imidazo[l,2-a]pyridine 
[i, 2], in Ia one can assume the presence of two centers that are reactive with respect to electrophilic 
substitution - the 5' position of the furan ring and the 5 position of the imidazothiazole system. 

As in the case of 2-(2'-furyl)imidazo[l,2-a]pyridine [2], the nitrosation of 6-(2'-furyl)imidazo[2,1- 
b]thiazole (Ia) and its 3-methyl derivative (Ib) with sodium nitrite in acetic acid or butyl nitrite in benzene 
led to mononitroso derivatives IIa and IIb, respectively. The structure of Ha is confirmed by the PMR 
spectrum, in which the signals of ~-substituted furan (three multiplets, 6 6.78, 7.65, and 7.99 pprn with an 
integral intensity ratio of l: i: i) are observed. The chemical shifts and spin-spin coupling constants are 
in good agreement with those previously measured [3, 4]. The two doublets at 7.55 and 8.33 ppm, which 
form an AB system, can be assigned to the 2-H and 3-H protons of the imidazothiazole system. 

NO\ R 

,--~. o/~N.<..~\s R'- 

i a - d  . a-d 

I.II a R=R' - f l ;  b R=CH3, R'=tt; C R-I-I, R,=Br;d R=CIt3, R'=gr 

The direct ion of ni t rosat ion is also conf i rmed by the fact that when the 5 '  position in the furan ring 
is occupied, as, for  example,  in Ic and Id, ni t rosat ion nevertheless  occurs  smoothly to also form roche- 
ni t roso derivat ives  lie and IId, respect ively.  

New (as compared  with the s tar t ing compounds) maxima appear in the UV spect ra  of the ni t roso 
compounds in the long-wave region at 370-380 nm (see Table 1). Absorption bands at ~ 1510-1530 cm -1, 
which cor respond  to the C - N  = O group, are  observed in the IR spec t ra  of the ni trosat ion products.  

An at tempt to ni t rosate  5 ' -n i t ro  derivat ives IXe and IXf was unsuccessful;  this can be explained by 
the e l ec t ron -accep te r  effect of the nitro group, which leads to a sharp decrease  in the electron density in 
the 5 posit ion of the imidazothiazole sys tem.  

A study of the bromination react ion showed that when 1 mole of bromine was added to a solution of 
Ia in ch loroform and the isolated hydrobromide of bromo derivative IIIe was subsequently neutralized, 5- 
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TABLE i. Thin-Layer Chromatography and UV Spectra of 
6-(2'-Furyl)imidazo[2,1'b]thiazole and Its Derivatives 

Com - 
pound 

[a  
lb 
Ic 
ld 

lla 
lib 
IIc 
Ild 
v,e 

VIIe 
Vllf  
IXe 
IXf 

XII,e 
XIIf 

Rf x 100 in 
systems a 

1 2 

44 56 
53 64 
54 62 
60 69 
45 60 
46 66 
40 55 
63 73 
59 68 
66 75 
69 78 
40 51 
50 61 
54 65 
58 70 

Color of the 
fluorescence 
on the 
chromato- 
grams 

Blue 
Blue 
Blue 
Blue 
Green 
Green 
Green 
Green 
Blue 
Blue 
Blue 
Green 
Green 
Green 
Green 

UV spectra in alcohol b 

~max, nlTl 

258 
257 

270, 276, 283 4,46; 
270, 277, 284 4,38; 

250, 370 4,19; 
245, 385 4,27; 
328, 380 4,24; 
358, 377 4,18; 
270 
26O 
265 
240, 370 3,90; 
241, 370 3,99; 
370 
380 

4,17 
4,42 
4,46; 
4,38; 
4,27 
4,32 
4,43 
4,20 
4,34 
4,29 
4,29 
3,91 
3,97 
4,15 
3,57 

4,46 
4,39 

aOn Silufol UVz54 plates; systems: i) benzene-ethyl acetate (i : i), 
2) chloroform-acetone (5 : I). 
bThe spectra of Ilc and lld in acetone were recorded. 

b r o m o - 6 - ( 2 ' - f u r y l ) i m i d a z o [ 2 , 1 - b ] t h i a z o l e  (Ve)  w a s  f o r m e d  e x c l u s i v e l y ,  a s  c o n f i r m e d  by  t h e  P M R  s p e c t r u m  

p r e s e n t e d  b e l o w  a n d  t h e  f a c t  t h a t  i t  w a s  i m p o s s i b l e  to  a c c o m p l i s h  n i t r o s a t i o n .  

L ~ ~ , / j / i  [ | IJ'HBr ~ LO ~/]'~N//./~= ~ " Br-- ,Br2 Hgr 

II le  

Br IOH- 
\ N R 

,,'i:L to.: ~ ~ )  Br TM 
N R 

ve Vie, f vu e, f 

I b '1 B r2- -  ~ Br - . ~ - ~ n / , _ ~ N L ' - ~ t  " R -  HBr --OH:" I d ttNO2 (C'HgONO} 

vm f 

*td 

N R Br 

'" o . N ~  I I . B ,  
_lT--rl t~'t~--7( '"2 " - - " "  O2N z ~0 / ~.N~/'~S/ 

hi R 
.,(.ico.oi; o,~-4.oyLd.. 

Xl e, f Xll e, f 
a, e R=H; '13, f R=CH3 

In analogy with 2-(2'-furyl)imidazo[l,2-a]pyridine [i], la reacts with 2 moles of bromine to give the 
hydrobromide of dibromo derivative Vie, in which the second bromine atom enters the 5' position of the 
furan ring. The action of three or more moles of bromine on Ia leads to the perbromide (IVe) of the hy- 
drobrornide of the dibromo derivative. 

T h e  d i r e c t i o n  o f  t h e  b r o m i n a t i o n  of  3 - m e t h y l - I a  (Ib) d i f f e r s  s u b s t a n t i a l l y  f r o m  t h e  d i r e c t i o n  of  b r o -  

r a i n a t i o n  o f  I a .  T h e  a c t i o n  of  a n  e q u i m o l e c u l a r  a m o u n t  of  b r o m i n e  o n  Ib  l e a d s  t o  p r e d o m i n a n t  b r o m i n a t i o n  

i n  t h e  5 '  p o s i t i o n  o f  t h e  f u r a n  r i n g  to  g i v e  a h y d r o b r o m i d e  (VIII f ) ,  w h i c h  i s  c o n v e r t e d  to  I d  a f t e r  t r e a t m e n t  

w i t h  a q u e o u s  a l k a l i .  T r a c e s  o f  d i b r o m o  d e r i v a t i v e  V]Xf w e r e  a l s o  d e t e c t e d  c h r o m a t o g r a p h i c a l l y .  T h e  

s t r u c t u r e  o f  t h e  p r o d u c t  o f  t h e  m o n o b r o m i n a t i o n  of  l b  a s  I d  i s  c o n f i r m e d  by  a c o m p a r i s o n  of  i t  w i t h  a n  a u -  

t h e n t i c  s a m p l e  of  Id ,  o b t a i n e d  f r o m  2 - b r o m o a c e t y l - 5 - b r o m o f u r a n  v i a  t h e  m e t h o d  d e s c r i b e d  i n  [5]. I n  a d -  
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TABLE 2. Data from the PMR Spectra of 
6-(2'-furyl)imidazo[2,l-b]thiazole and Its Derivatives 

COiT~- [ 
pound i 

l d  

IIa 

We 

VII e 
VIIf 

So lven t  _Chemical shjffsj 8 ,  ppm_ 
- -  2-I-I 3-I-I I 5-H [ 3'-H ]4"-H ! 5'-[I CHa 

Ia Ace tone  7,12 7,79 [ 7,87 6,69 ~6,50 ! 7,51 

,'b Acetone  6:_4 -- ] 7:34 6,62 ] 6,35 I 6,26 2,31 I CC14 664 ' - -  i 775 6,70' 648 i 649 

Ic  Ace tone  7,14 i 781 791 668 649 - -  
A c e t o n e  6,72 i - -  7,79 6,67 ! 6,48 - -  

CCi, 6,26 [ - -  7,41 ]6,27 6,60 ] - -  255 

A c e t o n e  7,55 { 8,38 - -  {7,65 6 , 7 8  17,99 i 
A c e t o n e  7,31 / 7,69 - -  { 6 8416,56 7,6I 
Acetone  7,30 ] 7,68 - -  6,8l ] 6,58 - -  
Ace tone  6,78 ] - -  - -  6,81 6,53 i - -  ! 

COl, {6,30 I - -  - -  /6,67 { 6,28' - -  2,66 

I, Hz 

,3',.:' I ,/,5' ! /<5'_ 

4,4 3,0 1,6 0,7 
0,6 I 3,1 1,5 - 13,2 t l,6 0,7 0,6 
4 , 4 [  3,1 i -  
o,813,3 I - I 
- 3 , 1  - 
4 4  i 3,3 1,6 0,6 
4,3 ! 3,1 ] 16 i 0.7 

4,1 36 - -  i 

u ~ 36  - -  
o ,8 [  3 : o  - r 

dition, we made a comparison of the product of nitrosation of Id, obtained by bromination of Ib, with the 
product of nitrosation of authentic Id; this comparison showed that the nitroso derivatives obtained in both 
eases were identical and were lid. 

As in the case of Ia, bromination of Ib with 2 moles of bromine leads to the hydrobromide VIf 
the dibromo derivative, while the perbromide (IVf) of the hydrobromide of the dibromo derivative is formed 
in the presence of more than a twofold excess of bromine. 

The PMR spectra of the starting Ia and Ib and their bromination products (see Table 2) were studied 
to confirm the structures of the bromo derivatives obtained. 

In analogy with the PMR spectrum of nitroso compound IIa, three multiplets of the AMX type, which 
correspond to the protons of the furan ring, are observed in the I~NR spectra of the starting Ia and Ib. The 
certain difference in the chemical shifts as compared with IIa is explained by the effect of the nitroso 
group. The 2-H and 3-H protons of the imidazothiazole system also form two AB doublets with character- 
istic 3j= 4.4 Hz. The singlet at 7.8-7.9 ppm can be assigned to the single proton of the imidazole ring. A 
study of the PMR spectra of bromo derivatives la and Ib makes it possible to unambiguously establish the 
site of entry of the bromine. A sharp change in the characteristic absorption of the furan ring is observed 
for Ie and Id. As a consequence of the introduction of bromine, the remMning two protons form an AB rnul- 
tiplet. The J values (3.1 and 3.3 Hz), which are characteristic for the interaction between the 3'-H and 
4'-H protons, make it possible to conclude that the bromine atom enters the 5' position. Similar changes 
in the absorption of the furan ring are observed in dibromo derivatives VIIe and VIIf, and the signals at 
7.87 and 7.34 ppm also vanish, which indicates entry of the bromine atom into the 5 and 5' positions. 

Depending on the amount of bromine used in the reaction, the 5-bromo derivatives are formed as 
the hydrobromides (Xe and Xf) or the perbromides (XIe and XIf) of the hydrobromides in the bromination 
of 6-(5'-nitro-2'-furyl)imidazo[2,l-b]thiazole (EKe) and its 3-methyl analog (IXf). The perbromides (IVe, 
IVf, XIe, and XIf) of the hydrobromide are also obtained by trituration of hydrobromides Vie, VIf, Xe, and 
Xf with bromine in chloroform. 

Perbromides IVe, IVf, XIe, and XIf liberate iodine from aqueous potassium iodide solutions; when 
perbromides IVe, IVf, and Xle are heated briefly in dioxane, a bromine molecule is split out, and hydro- 
bromides Vie, VIf, and Xe are formed. When perbromides IVe, IVf, XIe, and XIf are treated with aqueous 
alkali solutions, bases Vile, VIIf, XIIe, and XIIf are formed. The nitrofuryl-substituted hydrobromide per- 
bromides (XIe and XIf) are converted to basesXIIeandXIIfon heating with alcohol, water, and pyridine, or 
even on prolonged storage in air. 

Treatment of hydrobromides Vie, VIf, Xe, and Xf with aqueous alkali solutions gives bases Vile, 
VIIf, XIIe, and XIIf. In addition, traces of monobromo derivative Id are noted on the chromatograms dur- 
ing isolation of dibromo derivative VIIf, which again confirms the considerably lower activity of hydrogen 
in the 5 position of the imidazothiazole system as compared with hydrogen in the 5' position of the furan 
ring of Ib. 

In contrast to the starting Ia and Ib, which give a carmine-red coloration with concentrated sulfuric 
acid, their monobromo derivatives (with respect to the imidazothiazole or furan rings) (Ve and Id) give a 
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violet colorat ion,  dibromo derivative Vile gives a bright-blue coloration, Vlif gives a blue-green co lo r -  
ation, while nitrofuryl  der ivat ives  IXe and IXf and their  bromination products  have a stable yellow color.  
All of the ni t roso derivatives of the compounds listed above give a dark-red colorat ion under the same 
conditions. 

A study of the bacteriostatic action in vitro with respect to Escherichia colt, Shigella sonnet, Salmo- 
nella paratyphi, Salmonella typhi, and Salmonella typhimurium demonstrated that monobromo derivatives 
Ve and Id are about five times more active than the starting la and Ib (20 ~g/ml), dibromo derivative Vile 
is less active than Ve, while nitroso derivative Ha and nitrofurylimidazothiazoles IXe and IXf are active 
in concentrations of 3-12 # g/ml. 

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

The UV spec t ra  were recorded  with an automatic UV-2 spect rophotometer  designed by the Insti tute 
of Organic Synthesis of the Academy of Sciences of the Latvian SSR. The IR spec t ra  of samples  in hexa- 
chlorobutadiene (2000-3600 and 1500-1300 cm -1) and in Nujol (800-2000 cm -1) were obtained with a UR-20 
spec t rometer .  The PMR spec t ra  of 5% solutions in acetone and CCI 4 were recorded  with a Perkin  E lmer  
R-12A spec t romete r  (60 MHz) with cyclohexane as the internal standard. 

5-Ni t roso-6- (2 ' - fury l ) imidazo[2 ,1-b] th iazole  (Ha). A solution of 2.07 g (30 mmole) of sodium nitrite 
in 10 ml of water  was added to a solution of 3.8 g (20 mmole) of Ia in 15 ml of acetic acid at 0-5 ~ in the 
course  of 10 rain. After 15 rain the react ion mass  was diluted with 50 ml of water,  and the precipi tate  was 
removed by fil tration to give 3.2 g (86%) of br ight-green c rys ta l s  with mp 162-163 ~ (from b e n z e n e - p e t r o -  
leum ether). Found: C 49.7; H 2.5; N 19.7~o. CgHsN302S. Calculated: C 49.3; H 2.3; N 19.2%. 

3-Methyl -5- rd t roso-6- (2 ' - fury l ) imidazo[2 ,1-b] th iazole  (lib). This compound was s imi la r ly  obtained 
in 81% yield f rom Ib by the action of sodium nitrite~ The shiny l ight-green c rys ta l s  had mp 172-174 ~ (from 
b e n z e n e - p e t r o l e u m  ether). Found: C 51.7; H 3.2; N 18.0%. C10HTN302S. Calculated: C 51.5; H 3.0; 
N 18.0%. 

5-Nitroso-6-(5f-bromo-2'-furyl)imidazo[2,l-b]thiazole (IIc). This compound was similarly obtained 
in 97% yield from Ic by the action of sodium nitrite. The green crystals had mp 250-252 ~ (dec., from ben- 
zene-petroleum ether). Found: C 37.2; H 1.6; N 13.8%. CgH4BrN302S. Calculated: C 36.3; H 1.4; N 14.1%. 

3-Methyl-5-nitroso-6-(5'-bromo-2'-furyl)imidazo[2,l-b]thiazole (lid). A 3.09-g (30 mmole) sample 
of butyl nitrite was added with stirring to a solution of 5.66 g (20 mmole) of Id in 30 ml of benzene. After 
1.5 h the reaction mass was diluted with i00 ml of petroleum ether, and the precipitate was removed by 
filtration to give 4.94 g (79%) of dark-green crystals with mp> 300 ~ (dec., from benzene-petroleum ether). 
Found: C 38.5; H 2.0; N 13.3%. CIoH6BrN302S. Calculated: C 38.5; H 1.9; N 13.5%. 

Bromination o f  Imidazothiazoles 

Preparation of Hydrobromides. Method A. A solution of i0 mmole of bromine in I0 ml of chloro- 
form was added with stirring in the course of 0.5 h to a solution of i0 mmole of Ia in 15 ml of chloroform, 
and the mixture was stirred for 1 h. The precipitate was removed by filtration, washed with chloroform, 
and dried at 80-100 ~ Nitro derivatives IXe and IXf (i0 mmole) were brominated as suspensions in 200 ml 
of chloroform. 

Method B. A solution of i0 mmole of bromine in i0 ml of chloroform was added with stirring in the 
course of 0.5 h to a solution of i0 mmole of Ib in 15 ml of chloroform, and the mixture was stirred for lh. 
The solvent was removed by distillation, and the residue was washed with chloroform. 

Method C. The bromination was carried out as in method A but with the addition of 20 mmole of 
bromine to Ia or Ib. 

Method D. A 10-mmole sample of hydrobromide perbromides IVe, IVf, and XIe was briefly refluxed 
in 20 ml of dioxane. 

P repara t ion  of Hydrobromide Pe rb romides .  Method E. The procedure  was the same as in method 
A, but 30-40 mmole of bromine was added to Ia or Ib. 

Method Y. The procedure was the same as in method A, but 20 mmole of bromine was added to IXe 
or IXf. 
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Method G. The products were obtained from the hydrobromides of brorno-substituted Vie, VIf, Xe, 
and Xf by trituration with bromine in chloroform. 

Preparation of the Bases of Brorninated Irnidazothiazoles. Method H. The bases were obtained from 
the hydrobromides by neutralization with aqueous alkali. 

Method I. The products were obtained from hydrobrornide perbrornides IVe, IVf, XIe, and Xlf by the 
action of aqueous alkali solutions. 

Method J. The products were obtained from hydrobrornide perbromides XIe and XIf by refluxing 
with alcohol, pyridine, and water (50 rnl of solvent per gram of substance). 

See T a b l e  3 fo r  da t a  on the b r o m i n a t i o n  p r o d u c t s .  
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