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The act ion of b romine  and N-bromosucc in imide  on 2- (2 ' - furyl ) imidazo[1 ,2-a]pyr id ine  and i ts  
3 -n i t roso ,  5 ' - b r o m o ,  and 5 ' - n i t r o  de r iva t ives  was studied. 

According to the NIVIR spec t rum,  imidazo[1 ,2-a]pyr id ine  is  b romina ted  in the 3 posi t ion [1]. The b r o -  
ruination of 2-phenyl imidazo[1 ,2-a]pyr id ine  a lso  occu r s  in the 3 pos i t ionwi thout  involving the phenyl group 
[2, 3]. In addition, it might  have been a s s u m e d  that the b romina t ion  of 2- (2 ' - fury l ) imidazo[1 ,  2-a]pyr idine (I) 
could occur  not only  in the imidazole  r ing but a lso  in the f r ee  ~ posi t ion of the furan  ring, in analogy with 
the b romina t ion  of 2- (2 ' - th ienyl) imidazo[1,2-a]pyr id ine  [3]. 

We have used  t h in - l aye r  ch romatography  (TLC) to es tab l i sh  that 3 - b r o m o - 2 - ( 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] -  
pyridine (V) is f o rm ed  exc lus ive ly  when a solution of 1 mole  of b romine  in ch lo ro fo rm or  g lac ia l  ace t ic  a c i d  
is  added slowly to a cooled solution of I in the s ame  solvent and the hydrobromide  of .the b romo  der iva t ive  
f o r m e d  is neutra l ized,  while 3 - b r o m o - 2 - ( 5 ' - b r o m o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] p y r i d i n e  VII) is a lso  obtained 
along with V in smal l  amounts  when the b romine  is  added m o r e  rapidly  and the mix tu re  is not cooled. The 
3 - b r o m o  der iva t ive  (V) was ex t rac ted  f r o m  the mix tu re  with boil ing n-octane .  In con t ra s t  to VI, which we 
have p rev ious ly  desc r ibed  [4], V has  a lower  mel t ing  point and is m o r e  unstable - it da rkens  rapidly  in light 
and is conver ted  to a l igh t -co lo red  insoluble product  in alcohol and e the r  solutions even in the dark.  The 
s t ruc tu re  of 3 - b r o m o  der iva t ive  V was proved  indirect ly  by the fact  that it was  imposs ib le  to n i t rosa te  it 
with n-butyl  n i t r i te .  

The act ion of 2 mo le s  of b romine  on I g ives  the hydrobromide  of the d ibromo der iva t ive  (III), in which 
the posi t ion of one of the b romine  a toms  in the furan  r ing was  proved  by a l t e rna t ive  synthes is  of III f r o m  VI. 

The ac t ion  of 3 or  more  moles  of b romine  on I in the same  solvents  without heating gives  the p e r b r o -  
mide of the hydrobromide  of the d ibromo der iva t ive  (IV). The la t t e r  is a lso  fo rmed  when the hydrobromide  
of the d ibromo der iva t ive  (Ill) is t r ea t ed  with b romine  in ch loroform.  

The act ion of aqueous a lkal i  and alkal i  me ta l  ca rbona tes  or  ace ta tes  on Ill and IV gives  3 - b r o m o - 2 -  
(5 ' - b romo-2 ' - fu ry l ) imidazo [1 ,2 -a ]py r id ine  (VII), while heating IV with dioxane b r ings  about c leavage of a 
molecule  of b romine  and fo rma t ion  of the hydrobromide  of the d ibromo der iva t ive  (HI). 

According to the r e su l t s  of TLC, the b romina t ion  of I with 1 mole of N-b romosucc in imide  (NBS) leads  
to a mix tu re  of monobromo der iva t ive  V and d ibromo der iva t ive  VII. Only VII is  f o r m e d  in the reac t ion  of 
I with 2mo le s  of N'BS. 

Compound VII i s  a lso  f o r m e d  by the act ion of 2 moles  of NBS on 3 -n i t r o so -2 - (2 ' - f u ry l ) im idazo [1 ,2 - a ] -  
pyr id ine  (VII1). A smal l  amount of 3 - n i t r o s o - 2 - ( 5 ' - b r o m o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] p y r i d i n e  (IX), along with 
VII, was  detected by  ch roma tog raphy  in the p roduc t s  of the reac t ion  of VIII with ! mole  of NBS. We have 
p rev ious ly  obtained IX by the n i t rosa t ion  of VI [5]. A s i m i l a r  case  of d i sp lacement  of a n i t roso  group by 
b r omine  was noted in the act ion of b romine  on 3 -n i t roso-2 - (2 ' - th i eny l ) imidazo[1 ,2 -a ]pyr id ine  [6]. 
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The s t ruc tu r e s  of the products  of the bromina t ion  of I (V, VI, and VII) were  conf i rmed by PMR spec-  
t ro scopy  (Table 1). Three  groups  of s ignals  a re  obse rved  in the spec t rum of I. The c h a r a c t e r  of the f i r s t  
group of s i g n a l s  (5 7.59, 6.89, and 6.56 ppm) makes  it possible ,  accord ing  to [7], to ass ign  it to the abso rp -  
tion of the furyl  group. The singlet  at weak field (8.05 ppm) is due to the 3-H proton. The thi rd  group of 
s ignals  - a complex  mult iplet  of the ABCD type at 6.7-7.6 ppm and two quar te t s  a t  8.49 and 8.39 p p m -  a r i s e s  
due to absorpt ion of the pyridine ring of the molecule .  It  is easy  to follow the d i sappearance  of one or  the 
o ther  signal, as  well  as  the change in the c h a r a c t e r  of the furyl  mult iplet ,  in the spec t r a  of the b romina t ion  
products  and to unambiguously es tab l i sh  substi tut ion by the bromine  atom. 

2 - (5 ' -Ni t ro -2 ' - fu ry l ) imidazo[1 ,2 -a ]pyr id ine  (X) r e a c t s  with 1 mole  of b romine  to give the hydrobro-  
mide of the monobromo der iva t ive  (XI), which is  conver ted  to base  XII not only on t r ea tmen t  with alkal ine 
agents  but a lso  by the act ion of water ,  alcohol,  or  d imethy l formamide ,  as  well  as  by prolonged s to rage  in 
a i r .  As in the case  of I, the act ion of excess  b romine  on X leads  to the fo rmat ion  of the pe rb romide  of the 
hydrobromide  of XTT, which is conver ted  to XI on heating in dioxane and to the base  (XIII) on refluxing with 
alcohol.  

In con t ras t  to the s ta r t ing  2- (2 ' - fury l ) imidazo[1 ,2-a]pyr id ine ,  which g ives  a c a r m i n e - r e d  color  with 
concent ra ted  sulfuric  acid, its 3 - b r o m o  der iva t ive  induces a br ight  dark-blue  color,  i ts  5 ' - b r o m o  der iva t ive  
causes  a dark-b lue  color  that gradual ly  is conver ted  to b lue-vio le t ,  i ts  3 ,5 ' -d ib romo  de r iva t ive  gives ini- 
t ia l ly  a l emon-ye l low color  that changes rapidly to stable malachi te  green,  while 3 - b r o m o - 2 - ( 5 ' - n i t r o - 2 ' -  
furyl ) imidazo[1,2-a]pyr id ine  gives  a yellow color.  The co lor  vanishes  on dilution with water .  

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

The UV spec t r a  of alcohol solutions (c 5 . 1 0  -5 M) were  r eco rded  with an SF-4A spec t rophotomete r .  
The PMR spec t ra  of 2070 solut ions in acetone were  obtained with a P e r k i n - E l m e r  R-12 A s p e c t r o m e t e r  (60 
MHz) with cyelohexane as the in ternal  s tandard re la t ive  to the 6 scale .  

Th in - l aye r  ch romatography  was  accompl i shed  on Silufol UV2~ pla tes  with the following solvent  mix -  
tures :  b e n z e n e - e t h y l  aceta te  (2 : 3) ( sys tem 1), b e n z e n e - e t h y l  ace ta te  (1 : 2) ( sys tem 2), and c h l o r o f o r m -  
m e t h a n o l - a c e t i c  acid (15 : 4 : 1) (sys tem 3). The R f  va lues  of the compounds obtained and the color  of the 
f luorescence  of thei r  spots  on the o h r o m a t o g r a m s  a re  p resen ted  in Table  2. 

3 - B r o m o - 2 -  (2 ' - furyl ) imidazo[1,2-a]pyr id ine  (37). A. A solution of 6.2 g (39 mmole)  of b romine  in 20 
ml  of CHC13 was added in the course  of 1 h with s t i r r i ng ' and  cooling to a solution of 7.2 g (39 mmole)  of I 
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TABLE 1. P a r a m e t e r s  of the PMR Spectra of 2- (2 ' -Furyl ) imidazo-  
[1,2-a]pyridine and Its Bromo Derivat ives 

4 5 
4 ' ~  3' 3 N 6 
~i-3  V - - ' ~  . . . .  -4.', z ~ - - -  

I' I b 

Chemical shifts, 5, ppm 
Compound 

3"-I~i 4 ' - H  5 ' - H  3 - H  5 - H  6 -H ,  7-H,  8-1t 

I 
V 

VI 
VII 

6,89 
7,04 
6,85* 
7,01" 

6,56 
6,61 
6,57* 
6,50* 

7,59 
7,59 

8,05 

8,5 
8,44 
8,28 
8,44 
8,28 

6,7--7,6 
6,9--7,7 
6,8--7,7 
6,9--7,7 

*Doublet, sJ:t, ' 4' - 3.3 Hz. 

TAB LE 2. Thin- Layer  C hromatography of the Products  of B romina-  
tion of 2- (2 ' -Furyl) imidazo [1, 2-a]pyridine and Its Derivat ives  

i' R I x I O 0  

Compound i system 

I 
V 

VI 
VII 

VIII 
IX 
X 

Xlll 

J 27 
53 
42 
62 
35 
54 
35 
50 

1 system 2 

23 
41 
31 
5O 
23 

26 
39 

s stem ,? Y ..... 

50 
87 
73 
92 
85 
88 
86 
90 

Fluorescence color 

Bright -blue 
Blue 
Blue 
Blue 
Light-green 
Light-green 
Light-green 
Light-green 

in 60 ml of CHC13, and the precipi ta te  was removed by fi l t rat ion af ter  1 h and washed with chloroform to 
give 10.88 g (81%) of the crude hydrobromide (II) of V with nap 175-177 ~ Recrys ta l l iza t ion f rom absolute 
a l c o h o l - e t h e r  gave a product with mp 184-185 ~ Found: C 37.6; H 2.5; Br  45.2%. CllHTBrN20. HBr .  0.5H20. 
Calculated: C 37.4; H 2.6; Br  45.3%. UV spectrum: Xma x 250, 325 nm, log ~ 4.46, 3.87. 

A 5.44 g sample of II was dissolved in 25 ml of water  and neutral ized with 3.5 ml of 20% sodium hy- 
droxide, and the precipi ta te  was removed by filtration, washed with water,  and dried to give 3.53 g (85%) of 
crude V with rap 90-93 ~ Recrys ta l l iza t ion  f rom n-octane or  aqueous alcohol gave a product with mp 102- 
103 ~ Found: C 49.8; H 2.7; B r  29.9%. CllHyBrN20. Calculated: C 50.5; H 2.7; Br  30.4%. 

When bromine was added in the course  of 30 rain without cooling, VII was detected by chromatography 
in the crude product  - the base with mp 85-88 ~ Pure  V was extracted f rom the mixture with hot n-octane 
and recrys ta l l i zed  f rom aqueous alcohol to give a product with mp 102-103 ~ 

B. A solution of 1.56 ml (30 mmole) of bromine in 10 ml of glacial  acetic acid was added inthe course  
of 30 rain at 50-60 ~ to 5.62 g (30 mmole) of I in 50 ml of glacial  acetic acid, and the mixture was s t i r red ,  
cooled, and diluted with 150 ml of ether.  The precipi ta ted II was removed by fi l tration to give 9.13 g (88%) 
of product.  A 6.5 g sample of II was neutral ized with aqueous alkali, the oily layer  was separated,  and V 
was extracted f rom it with 300 ml of boiling n-octane.  The octane extract  was cooled to 0 ~ and 1.5 g of V 
with mp 88-90 ~ was removed by fil tration. Vacuum distil lation of the octane f rom the f i l t rate gave an addi- 
tional 1 g of V with mp 102-103 ~ (from n-octane).  Found: C 51.1; H 3.1; N 10.8%. ClIHTBrN20. Calculated: 
C 50.5; H 2.7; N 10.7%. UV spectrum: )tma x 255, 327 nm, log e 4.32, 3.79. 

Hydrochloride of V. This was obtained by the action of alcoholic hydrogen chloride on V with prec ip i -  
tation by the addition of absolute ether  to give a product with rap 180.-184 ~ UV spectrum: l m a x  250, 324mm, 
log ~ 4.43, 3.87. 

Perch lora te  of V. This was obtained as co lor less  needles with nap 170-173 ~ by the action of 57% per -  
chloric  acid on the base. Found: C 36.3; H 2.5; N 7.6%. CllHTBrN20.HC104. Calculated: C 36.3; H 2.2; 
N 7.7%. 

1Nerate of V. This had mp 185-187 ~ (from alcohol). Found: C 41.8; H 2.4%. CIIHTBrN2 O'CsH3N3OT. 
Calculated: C 41.5; H 2.1%. 

3 -Bromo-2 - (5 ' -b romo-2 ' - fu ry l ) imidazo [1 ,2 -a ]py r id ine  Dibromide Hydrobromide (IV). A. Solutions 
of 3.68 g (20 re_mole) of I in 20 ml of ch loroform or glacial  acetic acid and of 3.1 ml (60 mmole) of bromine 
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in 15 ml  of the same solvent were  mixed, and the g r e e n  prec ip i ta te  was washed with ch lo ro fo rm to give 11.11 
g (95%) of a product  with mp 155 ~ (dec.). Found: C 23.2; H 1.5; N 5.1%. CIIH6Br2N20" Br  2" HBr.  Calculated: 
C 22.7; H 1 .2 ;N  4.8%. 

B. The compound was a lso  obtained as  ye l low-green  c r y s t a l s  with mp 155-157 ~ (dec.) by the action of 
a solution of bromine  in ch lo ro fo rm on HI in chloroform.  This  product  did not d e p r e s s  the mel t ing point of 
the sample  obtained by method A. Found: N 5.0%. CIIH6Br2N2 O - B r 2 . H B r .  Calculated: N 4.8%. 

3 - B r o m o - 2 - ( 5 ' - b r o m o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] p y r i d i n e  (VII). A. A solution of 2.08 ml  (40 mmole)  of 
b romine  in 10 ml  of ch lo ro fo rm was added gradual ly  to a solution of 3.68 g (20 mmole)  of I in 20 ml  of chlo- 
ro form,  and the prec ip i ta te  was r em oved  by f i l t ra t ion  a f t e r  2 h to give 6.93 g (82%) of the hydrobromide  (HI) 
of VII. Crys ta l l i za t ion  f r o m  absolute  a l c o h o l - e t h e r  gave co lo r l e s s  c r y s t a l s  with rap 237 ~ Found: C 31.0; 
H 2.0; Br  56.1; N 6.8%. CllH6Br2N2 O. HBr.  Calculated: C 31.2; H 1.7; B r  56.2; N 6.6%. 

Neutra l iza t ion of a solution of 1.0 g of III in 10 ml  of w a t e r  with 25% NH4OH or  KOH prec ip i ta ted  0.46g 
(57%) of VII with mp 136 ~ (from water) .  Found: N 8.1%. CIIH6Br2N20. Calculated: N 8.2%. UV spec t rum:  
Xmax 261, 325 nm, log e 4.47, 4.00. 

B. A 1.0 g sample  of IV was  t r i t u ra t ed  with 5 ml  of 10% NI-I4OH, and the solid product  was sepa ra ted  
and r ec rys t a l l i z ed  f r o m  aqueous methanol  to give a product  with mp 135-136 ~ Found: C 38.8; H 2.0; Br  
46.4 %. CllH6Br2N2Oo Calculated:  C 38,6; H 1.7; Br 46.4 %. 

C. The base ,  with rap 136 ~ was obtained in 75% yield by the action of a n  equimolecular  amount of b r o -  
mine on VI in ch lo ro fo rm and subsequent neutral izat ion.  The product  was chromatograph ica l ly  identical  to 
VII p r epa red  f r o m  III and IV. 

D. A mix tu re  of 1.84 g (10 mmole)  of I, 3.58 g (20 re_mole) of NBS, and 40 ml  of ch lo ro fo rm was  r e -  
fluxed for  1 h and allowed to stand fo r  24 h at  room t e m p e r a t u r e .  The prec ip i ta te  was r emoved  by f i l t ra t ion  
and washed with 35 m l  of ch loroform.  The ch lo ro fo rm ex t rac t  was washed with aqueous NaOH and water ,  
and the solvent  was  evapora ted  to give 2.76 g (80%) of VII with mp 134-135.5 ~ ( f rom aqueous alcohol). The 
product  was  chromatograph ica l ly  identical  to VII p r e p a r e d  by the methods desc r ibed  above (see Table 2). 

E. A mix tu re  of 2.12 g (10 mmole)  of 3 -n i t roso -2 - (2 ' - fu ry l ) imidazo[1 ,2 -a ]pyr id ine  (VIII) [5], 3.58 g 
(20 mmole)  of NBS, and 50 ml  of CC14 was refluxed fo r  2 h, during which ni t rous  gases  were  evolved. The 
reac t ion  mix tu re  was allowed to stand fo r  3 days,  and the prec ip i ta te  was  sepa ra ted  and washed with 30 ml  
of CC14 and 50 mR of CHCI~. Evapora t ion  of the f i l t ra te  and the wash  liquids gave 1~76 g of a r eac t ion  prod-  
uct, which according to TLC, contained along with V I I , 3 - n i t r o s o - 2 - ( 5 ' - b r o m o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] -  
pyr id ine  (IX) with mp 128-132 ~ (from aqueous alcohol, th ree  t imes) .  

Hydrochlor ide  of VII. This  was  obtained f r o m  VII and alcoholic HC1 and had mp 198-201 ~ (dec., f r o m  
a l c o h o l - e t h e r ) .  Found: C 32.1; H 2.7; N 6.7%. CI1H6Br2N20-HCl 'H20.  Calculated:  C 32.2; H 2.3; N 7.1%. 
Amax 255, 260, 325 rim, log ~ 4.45, 4.46, 3.99. �9 

Pe rch lo ra t e  of VII. This  was  obtained f r o m  VII and 57% HC104 and had mp 234 ~ (dec., f r o m  a l c o h o l -  
e ther) .  Found: C 29.6; H 2.0; N 6.6%. CI1HcBr2N20"HC104. Calculated:  C 29.9; H 1.6; N 6.3%. 

Pier 'a te  of VII. This  had mp 193-194 ~ (from alcohol). Found: C 36.1; H 1.8; B r  28.3%. CllH6Br2N20" 
C6H3N3OT. Calculated: C 35.8; H 1.6; B r  28.0%. 

3 - B r o m o - 2 - ( 5 ' - n i t r o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] p y r i d i n e  Dibromide Hydrobromide  (XII). A. A 2.1 mR 
(40 mmole)  sample  of b romine  in 30 mR of ch lo ro fo rm was  added in the cour se  of 30 min  to a solution of 
2.29 g (10 mmole)  of X in 500 mR of ch loroform,  and the l ight-yel low prec ip i ta te  was r emoved  by f i l t ra t ion  
and washed with ch lo ro fo rm to give 5.46 g (almost quantitative) of a product  with mp 165-168 ~ Found: C 
22.6; H 1.4; B r  56.5; N 7.4%. Cl l I - I6BrN803-Br2"HBr 'H20.  Calculated: C 23.4; H 1.6; Br  56.7; N 7.5%. 

B. A 0.5 g sample  of XI was  t r i tu ra ted  with a solution of b romine  in ch loroform,  and the prec ip i ta te  
was  r emoved  by  f i l t ra t ion  to give a product  with mp 166-168 ~ that did not d e p r e s s  the mel t ing point of the 
sample  p r e p a r e d  by  method A. Found: C 23.3; H 2.0; Br  56.0%. CllH6BrN303.Br 2. HBr -  H20. Calculated: 
C 23.4; H 1.6; B r  56.7%. 

3 - B r o m o - 2 - ( 5 ' - n i t r o - 2 ' - f u r y l ) i m i d a z o [ 1 , 2 - a ] p y r i d i n e  Hydrobromide  CAD. A. A solution of 0.52 ml  
(10 mmole)  of b romine  in CHCI~ or  CHaCOOH was  added to a solution of 2.29 g (10 mmole)  of X in 500 ml  of 
the same  solvent, and the p rec ip i ta te  was  removed  by f i l t ra t ion  to give a product  with mp 208-211 ~ (dee.). 
Found: N10.5%. CllH6BrN303-HBr. Calculated: N10.8%. 
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B. Compound X]I was relluxed for  15 rain in dioxane, and the precipitate was removed by filtration to 
give a product with mp 213-215 ~ (dec.). l~ound: C 34.4; H 2.3; N 10.9%. CllH6BrN303" HBr. Calculated: 
C 34.0; H 1.8; N 10.8%. 

C. Compound XHI was tr i turated with 40% HBr, and the product was washed with acetone to give a 
substance with mp 208-210 ~ (dee.). 

3-Bromo-2-(5,-nitro-2 '-furyl) imidazo[1,2-a]pyridine (XIII). This was obtained by heating XI with pyr-  
idine, dimethylformamide, alcohol, or  water and had mp 248-249 ~ Found: C 43.0; H 2.1; N13.8%. CllHsBrN303. 
Calculated: C 42.9; H 1.9; N 13.6%. Uu spectrum: kmax 235, 278, 295, 365 rim, log e 4.60, 4.03, 3.97, 4.25. 
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