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The action of 1 mole  of b romine  on 6- (2 t - fury l ) imidazo[2 ,1-b] th iazole ,  i ts  2 - m e t h y l - ,  3-  
me thy l - ,  and 2 ,3 -d imethy l - subs t i tu ted  de r iva t ives ,  and the i r  hydrobromides  in ch lo ro fo rm 
and glac ia l  ace t i c  acid  was studied. The brominat ion  of bases  containing a methyl  group in 
the 3 pos i t ion  leads p r i m a r i l y  to the 5 ' - d e r i v a t i v e s  with r e s p e c t  to the furan r ing in ch loro-  

fo rm,  whe reas  in the r ema in ing  ca se s  5 - b r o m o  de r iva t ives  with r e s p e c t  to the im idazo -  
th iazole  s y s t e m  a r e  fo rmed .  Compounds of the l a t t e r  type a r e  f o r m e d  by the act ion of b ro-  
mine  in glacial  ace t ic  acid or  of sodium hypobromi te  in alkal ine media  on the bases .  The 
hyd rob rom i des  a r e  b romina ted  in both acet ic  acid  and ch loroform,  r e g a r d l e s s  of the sub-  
s t i tuents  in  the th iazole  ring, p r i m a r i l y  in the 5'  posi t ion of the furan ring. The s t r u c t u r e s  
of the b romina t ion  p roduc t s  were  p roved  by means  of a l t e rna t ive  syn theses ,  t h i n - l a y e r  
ch romatography ,  and the PMR s pec t r a .  

I t  has  been found [1] that  6 - (2 ' - fu ry l ) imidazo[2 ,1 -b] th iazo le  (Ia) i s  b romina ted  p r i m a r i l y  in the 5 po-  
sit ion of the imidazoth iazo le  s y s t e m  by the act ion of 1 mole  of bromine  in ch loroform,  whe reas  i ts  3-  
me thy l - subs t i t u t ed  der iva t ive  (Ic) i s  b romina ted  p r i m a r i l y  in the 5 t posi t ion of the furan  ring. 
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This  d i f fe rence  has  s e r v e d  as  a p r e m i s e  for  a m o r e  detai led study of the products  of the reac t ion  of 
Ia and i ts  poss ib le  me thy l - subs t i t u t ed  de r iva t ives  with r e s p e c t  to the thiazole r ing (Ib-d) with 1 mole  of 
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T A B L E  1. C o m p o s i t i o n  of  the  P r o d u c t s  of  B r o m i n a t i o n  of  
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  and I t s  M e t h y l - S u b s t i t u t e d  

D e r i v a t i v e s  wi th  1 Mole  of B r o m i n e  

Starting Bromination Composition of the products from 
compound method* the PMR spectra (%) for TLC data 
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IIIb (55%)~+,IVb (33 J/0) + Ib (12 ~/o ) 
IIc (71,5%) +Ic  (28,5%) 
llc (.,~, 100%) 
ltIc ( ~ 100%) 
tlIc ( ~  100%) 
lltc (75%)+Ic (25%) 
I I d +  Id 
Itd (84%),+ I I Id (16%) 
l I Id  (50%) +IVd (50%) 
IIId+traces of Id 
tlId+traces Of Id 

* Symbo l s :  A i n d i c a t e s  B r 2 / N a O H ,  B i n d i c a t e s  Br2 /CH~COOH,  C 
i n d i c a t e s  Br2/CHC13,  D i n d i c a t e s  H +, Br2 /CH3COOH,  and E i nd i -  
c a t e s  H +, Br2/CHC13.  

TABLE 2. Data from the PMR Spectra of 6-(2'-Furyl)imidazo- 
[2,1-b]thiazole and Its Derivatives 

Chemical shifts, 5, ppm SSCC, Hz 
Corn- i Solvent 
pound ~ _~-HIa-HIS-I-I a'.H'4"-H 5'-H! CHa 1=,s1Ia',4 

t I I a Acetone 7,12 
Ib ds-Acetone - -  
I c Acetone ' 6,64 

t CCt4 6,24 
ld CCh 

II a A~etone 7,31 
IIb d6-Acetone 
II c Acetone 6,80 
IId CCI~ 

Ilia Acetone 7,14[ 
llIb d6-Acetone 
lIICltld Cct,Acet~ 6'6~2762]-- 

IV a Acetone 7,30 
IVb Acetone I -- , 
IVc CCh 6__Nf 
IVd CC14 

',79 ?,8~ 
,56 L7( 

7,7, ~ 

i 7,3~ '~9 7,1! 
1 

- -  ! 

r,81 7,91 

7,~ 
7,4 
7,2{ 

6,69 6,50 I 
6,5916,4ai 
6,70 6,48 
6,62 6,35 
6,56I 6,311 
6,84 6,56 i 
6,75 6,51 
6,82 6,52 
6,68 6,35 

6,68 6,49 
6,5716,44/ 
6,67 i 6,48 I 
62716601 
6',~t 6',25 t 
6,81 6,53 
6,79 6,59 t 
6,W 6,28 
6,67 6,30 

~,51 
7,5( 
5,4. r 
3,2{ 
7.2~ 
7,61 
7,5~ 
7,5~ 
7,31 

2,40 (2-CH3) 
2,31 (3-CH~) 
2,22 (2-CHa, 8-CHa) 

3,54 (2-CHa) 

2,26 (2~CH3), 
2,52 (3-CHa) 

2,40 (2-CH~) 
2,35 (3-cH~) 
2,23 (2-CHa, 3-CHa) 

2,50 (2-CHa) 
2,66 (3-CHa) 
2,26 (2-CHa), 
2,51 (3-CH3) 

4,4 

o,6 

4,4 

0,8 

. I t  r  p 
F 4 ~5 3 , 5  

1,6 0,7 
t,7 0,9 
1,5 0,7 
1,6 0~6 
1,7 1,0 
1,6 0,7 
1,7 0,9 
1,9 0,7 
1,8 0,8 

* 1.3 (H, CHa). 
t 1.4 (H, CHa). 
$1.5 (H, CH3). 

b r o m i n e  unde r  v a r i o u s  condi t ions .  The  r e s u l t s  of b r o m i n a t i o n  of b a s e s  In,  Ic ,  and M wi th  sod ium hypo-  
b r o m i t e  and of  b a s e s  I a - d  and  t h e i r  h y d r o b r o m i d e s  in g l ac ia l  a c e t i c  ac id  and  in  c h l o r o f o r m  a r e  p r e s e n t e d  
in Tab l e  1. The  r a t i o s  of  the indiv idual  s u b s t a n c e s  in the b r o m i n a t i o n  p r o d u c t s  w e r e  d e t e r m i n e d  by  m e a n s  
of  the P M R  s p e c t r a  and t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) .  The  p a r a m e t e r s  of the P M R  s p e c t r a  f o r  the 

ind iv idua l  c o m p o u n d s  a r e  p r e s e n t e d  in T a b l e  2. 

A c c o r d i n g  to the  q u a n t u m - c h e m i c a l  c a l c u l a t i o n s  wi thin  the  P a r i s e r - P a r r - P o p l e  a p p r o x i m a t i o n  
(Fig .  1 ' ) ,  the 5 pos i t i on  of the i m i d a z o t h i a z o l e  s y s t e m  has  the h ighes t  c a p a c i t y  fo r  e l e c t r o p h i l i c  s u b s t i t u -  
t ion r e a c t i o n s  in  ba se  In, In  fac t ,  th is  compound  i s  b r o m i n a t e d  in  th is  pos i t ion  with  s o d i u m  h y p o b r o m i t e  

* We s i n c e r e l y  thank P r o f e s s o r  V. L Minkin fo r  p e r f o r m i n g  the  c a l c u l a t i o n s .  
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Fig. 1. Molecular  d iagram of base Ia and i ts  
conjugate acid (A). 

in alkaline media.  In addition, quantum-chemical  cal-  
culations of the dipole moment  and the UV spec t rum of 
base Ia (~ 3.20 D fo r  a 314~ kmax 265 nm, f 0.54) a r e  
in sa t i s fac to ry  ag reemen t  with the exper imenta l ly  de-  
t e rmined  values (# 3.53 D, Xmax 261 nrn, and f 0.74), 
calculated by the method in [2]). 

It follows f rom the data in Table  1 that the ac -  
tion of bromine on bases Ia-d  in glacial  ace t ic  acid 
leads p r imar i l y  to 5-subst i tuted der iva t ives  with r e -  
spect  to the imidazothiazole  sys tem,  i .e . ,  the react ion 
of acetyl  hypobromite  or  i ts protonated form (which, 
according to [3, 4], a r e  brominat ing agents) is  rea l i zed  
with the unprotonated fo rm of In-d, as in the case o f  
bromination with sodium hypobromites .  

However,  5 ' -b romo-subs t i tu t ed  der iva t ives  with 
r e spec t  to the furan r ing (Hia-d) a r e  p r i m a r i l y  fo rmed  

in the reac t ion  of bromine with solutions o r  suspensions of hydrobromides  of Ia-d in glacial  acet ic  acid or  
ch loroform.  The brominat ion of the hydrobromide  of Ib in ace t ic  acid, in which, in addition to the expected 
IIIb, Hb was detected in g r e a t e r  amounts,  consti tutes an exception to this rule.  

I t  is apparent  f rom Fig.  1 that the charges  calculated for  the conjugate acid of Ia ( s t ruc tu re  A), which 
was adopted in analogy with o ther  imidazo he te rocyc les  with an angular  nitrogen atom, for  example,  
imidazo[1,2-a]pyr idine  [5], a r e  unsuitable for  predic t ion of the d i rec t ion  of e lec t rophi l ic  substitution. 

Quantum-chemical  calculations of Xma x for  A (280 and 330 nm) also do not cor respond  to the expe r i -  
mental ly  de te rmined  kmax value (265 nm). The resu l t s  that we obtained in the brominat ion of the hydro-  
bromides  of Ia-d  lead to the assumption of predominance  of the conjugate acid in s t ruc tura l  form B with a 
posi t ive charge on N~. 

+ 

A B 

Like 3-methyl -6- (2 ' - fu ry l ) imidazo[2 ,1-b] th iazo le  (Ic) [1], the 2,3-dimethyl  analog (Id) r eac t s  with 
bromine in ch lo roform to give the 5 ' -b romo-subs t i tu t ed  der ivat ive  with r e spec t  to the furan ring (Hid) 
r a t he r  than the 5 -bromo-subs t i tu ted  der ivat ive  with r e spec t  to the imidazothiazole  sys tem (IId), just  as  
is  observed  in the case  of brominat ion in ace t ic  acid. 

2-Methyl -6- (2 ' - fury l ) imidazo[2 ,1-b] th tazole  (Ib), like 6-(2 ' - furyt) imidazo[2,1-b] thiazole  (In), r eac t s  
with bromine in ch loroform and in ace t ic  acid to give a 5-bromo der iva t ive  with r e spec t  to the imidazo-  
thiazole sys tem (IIb). 

Start ing Ib and Id were  obtained by reac t ion  of 5 -methy l -  (Vb) and, respec t ive ly ,  4 ,5 -d imethy l - sub-  
st i tuted (Vd) 2-aminothiazole  with 2- (bromoacety l ) furan  through the thiazolium salts  (VIb and VId). 

Compounds IIIb, IIId, and IIIe were  s imi l a r ly  synthesized a l ternat ively  f rom 5 - b r o m o - 2 - ( b r o m o -  
acetyl ) furan and the appropr ia te  thiazole der iva t ives  (Vb, Vd, and Ve). Compound Hie, which contains 
bromine in the thiazole and furan rings,  in cont ras t  to dibromo der ivat ives  IVa-d, is  only v e r y  slightly 
soluble in organic  solvents .  

The phys icochemical  constants and yields of the compounds obtained by the var ious  methods a re  
p resen ted  in Table 3. 

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

Chromatography was accompl ished on Silufol UV-254 plates in b e n z e n e - e t h y l  ace ta te  (3 : 1) ( sys tem 
1) and a c e t o n e - c h l o r o f o r m  (1 : 5) ( sys tem 2); under  normal  exposure  conditions, IIa-d show up a f te r  a few 
hours  as dark  spots ,  whereas  all of the imidazothiazoles  have a blue-viole t  color  in UV light. 

The mel t ing  points were  de te rmined  with a Boetius m i c r o h e a t e r  stage and were  not cor rec ted .  The  
UV spec t ra  were  r eco rdedwi th  a Speeord UV-vis automatic  spec t rophot0meter ;  the concentra t ion of solutions 
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in methanol  o r  i sopropy l  alcohol  was 25- 10 -6 M. The PMR spec t r a  we re  r eco rded  with a P e r k i n - E l m e r  
R-12A s p e c t r o m e t e r  (60 MHz) f r o m  5% soIutions in acetone,  hexadeuteroacetone ,  Or carbon t e t r ach lo r ide .  
The in te rna l  s t andard  was cyclohexane.  The dipole m o m e n t  of Ia  was m e a s u r e d  with a Dipol '  appara tus  in 
dioxane solution, for  which we thank I. S. Yankovskaya.  

B r o m i n a t i o n  o f  I m i d a z o t h i a z o l e s  

Method A. Bromina t ion  with Sodiuifl Hypobromi te .  A total  of 25 ml  of 20% sodium hydroxide was 
added to a cooled solution of 1.02 m l  (20 mmole)  of b romine  in 50 ml  of water ,  and the resu l t ing  solution 
of sodium hypobromi te  was poured with s t i r r i ng  in the cour se  of 15-20 rain to a suspens ion of 20 m m o l e  
of Ia  (or,  r e spec t ive ly ,  Ic  and Id) in 75 ml  of ice  water .  The aqueous mix tu re  was s t i r r e d  for  3 h, a f t e r  
which b romo de r iva t ive  Ha (or ,  r e spec t ive ly ,  IIc  o r  IId) mixed  with s ta r t ing  m a t e r i a l  was r e m o v e d  by f i l -  
t ra t ion .  

Method B. Bromina t ion  of the Bases  with Bromine  in Glacial  Acet ic  Acid.  A solution of 20 m m o l e  
of b romine  in 15 ml  of  g lac ia l  ace t ic  acid  was added with s t i r r i n g  in the course  of 30 rain to a solution of 
20 m m o l e  of bases  i a - d  in 100 ml  of  g lac ia l  ace t i c  acid,  a f t e r  which the mix tu re  was s t i r r e d  for  1 h, and 
the hydrob romide  of the b romo  der iva t ive  was p rec ip i t a t ed  by the addition of e ther .  

Method C. Bromina t ion  of the Bases  with Bromine  in Chloroform.  A solution of 20 m m o l e  of b r o -  
mine  in 20 m l  of ch lo ro fo rm was added with s t i r r i ng  in the course  of 1.5 h to a solution of 20 m m o l e  of 
base  Ia  (or,  r e spec t ive ly ,  Ib-d) in 100 m l  of ch lo roform,  a f t e r  which the mix tu r e  was s t i r r e d  for  2 h. The 
solvent  was r em oved  with a r o t a r y  vacuum e v a p o r a t o r  to give the hydrobromides  of the b romo der iva t ives .  
The yields  of c rude  products  were  77-88%. 

Method D. Bromina t i on  of the H y d r o b r o m i d e s  of I a - d  with Bromine  i n Acet ic  Acid. These  e x p e r i -  
ments  we re  c a r r i e d  out as in method B. The mix tu re  obtained a f t e r  addition of b romine  to the h y d r o b r o -  
mide  suspens ion  was  s t i r r e d  fo r  3 h, a f t e r  which the hydrobromides  of the b romo  de r iva t ives  we re  r e -  
moved  by f i l t ra t ion.  The yields were  53-76%. 

Method E. Bromina t ion  of the Hydrobromides  of I a - d  with Bromine  in Chloroform.  A solution of 
20 m m o l e  of b romine  in 20 ml  of ch lo ro form was added in the cour se  of an hour  to a suspension of 20 
m m o l e  of the hydrobromide  in 100 m l  of ch lo roform,  a f t e r  which the mix tu re  was s t i r r e d  for  3 h. The 
p rec ip i t a t ed  hydrobromide  of the b romo der iva t ive  was r emoved  by f i l t ra t ion in the case  of the reac t ion  
of hydrobromide  Ic,  whe reas  the products  in the r emain ing  cases  were  i so la ted  by evapora t ion  of the r e -  
act ion mix tu r e  with a r o t a r y  vacuum e v a p o r a t o r .  

Bases  of B r o m o  Der iva t ives  I Ia -d ,  I I I a rd  , and IVb, d. These  compounds were  i so la ted  f rom the i r  
hyd rob romides  by the act ion of 10% aqueous sodium hydroxide solution, and they were  subjected to ana ly -  
s i s  by means  of  TLC and the PMR spec t r a .  The products  were  pur i f ied by c rys ta l l i za t ion  f r o m  aqueous 
alcohol.  

2-Amino~5-methyl-3-(2'-furoylmethyl)thiazolittm Bromide (VIb). A 16.1-mi (0.31 mole) sample of 
bromine was added dropwise with stirring to a solution of 34.5 g (0.31 mole) of 2-acetylfuran in 68 ml of 
dioxane and 150 ml of ether. When the color of the mixture had become lighter, it was poured into 200 ml 
of ether and 300 ml of water, and the mixture was shaken. The ether layer was separated, washed suc- 
cessively with sodium carbonate solution and water, and dried with sodium sulfate. A 28.6-g (0.25 mole) 
sample of 2-amino-5-methythiazole (Vb) was added to the filtered ether solution of 2-bromoacetylfuran, 
and the mixture was allowed to stand for 24 h. It was then filtered to give 39.5 g (55%) of VIb with mp 
215-217 ~ (from alcohol--ether). Found: C 39.4; II 3.7; N 9.1~o. CIoHIIBrN202S. Calculated: C 39.6; II 
3.7; N 9.2%. 

2-Amino-4,5-dimethyl-3-(2'-furoylmethyl)thiazolium Bromide (VId). This compound, ~ith mp 230- 
235 ~ (from alcohol) (rap 228-236 ~ [6]), was similarly obtained in 89% yield. 

2-Amino-5-methyl-3-(5,-bromo-2,-furoylmethyl)thiazolium Bromide (VIIb). Equivalent amounts of 
Vb and 2-bromoacetyl-5-bromofuran were mixed in acetone, and after 24 h the precipitate was removed 
by filtration to give a product with mp 205-207 ~ (from alcohol-ether) in 74% yield. Found: C 31.3; H 2.6; 
N 7.2%. CIoHIoBrN202S. Calculated: C 31.4; II 2.6; N 7.3%. 

2-Amino-4,5-dimethyl-3-(5,-bromo-2,-furoylmethyl)thiazolium Bromide (VIId). This compound, 
with mp 225-227 ~ (from alcohol-ether), was obtained in 73% yield by the method used to prepare V][FD. 
Found: C 33.6; II 3.0; N 6.9%. CItHI2Br2N202S. Calculated: C 33.4; H 3.1; N 7.1%. 
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2-MethYl-6-(2'-furyl)imidazo[2,1.-b]thiazole (Ib). A 39-g (0.127 mole) sample of bromide VIb was 
refluxed with 700 ml of water and 50 g of sodium bicarbonate, and after 24 h the precipitate was removed 
by filtration to give 25.4 g (94%) of a product with mp 114-116 ~ (from aqueous alcohol). Found: C 58.5; 
H 3.8; N 13.8%. C1QHsN2OS. CalcuIated: C 58.6; H 3.9; N 13.7%. The hydrobromide of Ib, with mp 220- 
222 ~ (from alcohol), was obtained by the action of hydrobromie acid on an acetone solution of base Ib. 
Found: C 41.8; H 3.1; N 9.8%. CIoHsN2OS.HBr, Calculated: C 42.1; tt 3.2; N 9.8%. 

2,3-Dimethyl-6=!2,-furyI)imidazo[2,1:-b]thiaz0le (Id). This compound, ~ith mp 115-116 ~ (from octane) 
(in agreement with the value in [6]), was obtained in 89% yield from bromide VId by the method used to pre- 
pare Ib. The hydrobromide of Id had mp 261-262 ~ (from alcohol). Found: C 44.0; H 3.7; N 9.2%. 
CIIH10N2OS �9 ttBr. Calculated: C 44.1; H 3.7; N 9.4%. 

2.Methyl-6_(5,-bromo-2,:furyl)imidazo[2,1-b]thiazole (IIIb). This compound, with mp 109-111 ~ 
(from aqueous alcohol), was similarly obtained from VIIb. Found: C 42.6; H 2.4; N 9.7%. C10HTBrN20S. 
Calculated: C 42.4; H 2.5; N 9.9%. 

2,3_Dimethyl_6-(5,_bromo-2,-furyl)imidazo[2,1-b]thiazole (IIId). This compound, with mp 146-147 ~ 
(from aqueous alcohol), was obtained in 92% yield from VIId by the method used to obtain Ib. Found: C 
44.1; H 3.1; N 9.2%. CllHoBrN2OS. Calculated: C 44.4; H 3.0; N 9.4%. 

2-Bromo-6-(5,-bromo-2'--furyl)imidazo[2,1-b]thiazoIe (IIIe). A 2.7-g (15 mmole) sample of amine 
Ve was added to a solution of 4.02 g (15 mmole) of 2-(bromoacety!)-5-bromofuran in 100 ml of acetone. 
After 4 h, precipitated salt VIIe was removed by filtration, washed with ether, and heated with 200 ml of 
water and 10 g of sodium bicarbonate. Liberated base Hie was removed by filtration to give 3 g (62%, 
based on the bromo ketone) of golden crystals with mp 175-178 ~ (from nitromethane). 

Hydrobromides of the Perbromides of IVb and IVd. These compounds were obtained by the action of 
excess bromine on, respectively, Ib and Id, in analogy with the preparation of IVa. Br 2 �9 HBr [1]. The yel- 
low-green crystals were obtained in 90-92% yield. 
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